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Abstract

Retail electricity tariffs have transitioned from uniform cost-recovery
schemes to diversified packages that incorporate temporal, locational, and
carbon-intensity signals. This paper reviews the evolution of retail pricing
mechanisms, their global applications, and the design principles that underpin
modern tariff innovation, and it further identifies electric-vehicle (EV) charg-
ing tariffs as a rapidly expanding subset within this broader transformation.
Drawing on cases from the United States, the European Union, Australia,
Japan, and China, the review traces the progression from traditional two-part
tariffs to smart-meter-enabled time-of-use pricing, real-time dynamic rates,
and subscription–dynamic hybrid designs. Core mechanisms – marginal-cost
reflection, risk hedging, digital customer segmentation, and vehicle-to-grid
integration – are evaluated in terms of system efficiency, cost recovery, and
distributional fairness. Evidence shows that time-of-use pricing combined
with automated control can reduce peak load by 5%–15%, real-time pricing
pilots achieve up to 20% load shifting, and subscription-based EV tariffs
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lower annual charging expenses by 25%–35% while maintaining renewal
rates above 90%. The analysis concludes that jurisdictions capable of inte-
grating digital infrastructure, flexible regulation, and equity safeguards are
best positioned to deliver retail tariff designs that are efficient, resilient, and
socially inclusive.

Keywords: Datacenter design, energy efficiency of datacenter, energy effi-
cient metrics, datacenter carRetail electricity tariffs, time-of-use pricing, real-
time pricing, subscription-based tariffs, electric vehicle charging packages,
risk-sharing mechanisms.

1 Introduction

In the complex context of global energy transition and accelerating digitaliza-
tion, electricity retail pricing schemes have evolved from early flat-rate tariffs
oriented toward cost recovery into diversified product portfolios that incor-
porate temporal, spatial, and carbon-intensity differentiation, while simulta-
neously balancing user demand flexibility and system efficiency [1]. On the
one hand, the widespread deployment of smart metering and wide-area com-
munication networks has enabled near real-time observability of electricity
consumption data, providing the technical foundation for granular pricing on
an hourly or even 15-minute basis. On the other hand, the large-scale integra-
tion of distributed photovoltaics, residential storage, and electric vehicles has
made the traditional “average-cost pricing” model inadequate for transmitting
accurate marginal cost signals, while exacerbating peak–valley mismatches
and ramping pressures in power systems with high shares of renewable
generation [2]. Between 2022 and 2024, the global energy crisis triggered
extreme price volatility, prompting regulators across multiple jurisdictions
to pay increasing attention to consumer vulnerability and affordability. A
variety of tariff innovations have been introduced, including subscription-
based packages, price caps, and social safeguard mechanisms, with the aim
of striking a balance between risk-sharing and cost-reflectiveness [3].

In line with this trend, major markets such as the United States, the
European Union, Australia, and Japan have either completed or are advancing
a third wave of retail reforms centered on “dynamic pricing + default time-of-
use + optional hedging.” In North America, several states have already begun
transmitting real-time wholesale settlement signals directly to household
thermostats and EV chargers, thereby enabling automated load shifting [4].
The European Union has recently advanced toward a more flexible and
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consumer-centric retail pricing framework through the Electricity Market
Design Reform Directive (Directive (EU) 2024/1109), officially adopted
on 11 April 2024. The Directive requires all electricity retailers to offer
both fixed-price and dynamic-price contracts, mandates that consumers be
allowed to switch contracts at any time without penalty, and introduces new
safeguards against price spikes – such as hedging obligations, emergency
interventions, and enhanced transparency in supplier–consumer contracts.
(Official source: Official Journal of the European Union, L 2024/1109)[5]. In
the United Kingdom, Ofgem has strengthened the role of retail pricing in sup-
porting local flexibility through the ED3 Network Price Control Framework,
released as part of its regulatory guidance package for Distribution System
Operators (DSOs) for the 2023–2028 period. The framework encourages
DSOs and retailers to pilot locationally differentiated tariffs, flexibility-based
compensation schemes, and network-constraint-driven dynamic pricing, sup-
ported by targeted innovation allowances under the “Net Zero Innovation
Portfolio.” By integrating retail tariffs with local grid constraints and flex-
ibility services, ED3 aims to accelerate decarbonisation while improving
distribution-level investment efficiency. (Official source: Ofgem, “ED3 Price
Control: Draft Determinations,” 2023) [6]. In Australia and Japan, hybrid
packages combining subscriptions with super off-peak pricing have embed-
ded vehicle-to-grid (V2G) functions and renewable integration incentives,
leveraging bundled billing and automated scheduling to achieve both system
load balancing and household bill stability [7]. By contrast, many emerg-
ing economies remain constrained by cross-subsidies and price regulations,
typically maintaining lifeline block tariffs. While such schemes protect the
basic electricity consumption of low-income households, they provide limited
and unsustainable long-term economic signals for distributed resources and
digital demand response [8].

Despite a growing body of literature on individual tariff mechanisms,
an integrated understanding of how pricing models evolve across different
institutional contexts remains limited [9, 10]. Existing studies tend to focus
on specific instruments – such as two-part tariffs, real-time pricing, or EV-
specific schemes – without connecting them to the broader trajectory of retail
market reforms or examining how technological and regulatory conditions
shape their feasibility [11]. Moreover, the interaction between retail tariffs
and emerging flexibility markets, and the distributional implications across
different customer groups, remain insufficiently analyzed.

This review brings together evidence from major electricity markets to
construct a comprehensive analytical framework for retail tariff innovation.
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Table 1 Historical trajectory of retail electricity price packages
Period Key Characteristics Core Pricing Logic System Implications
1930s–1980s:
Uniform Tariffs

Vertically
integrated utilities;
single-rate pricing

Cost-plus rates;
average cost
recovery

Weak demand
incentives; growing
peak–off-peak gap

1990s–2000s:
Market
Liberalization &
Two-Part Tariffs

Sector unbundling;
retail competition

Capacity charges +
energy charges;
inclining block
tariffs

Improved cost
recovery; early
demand-side
management

2010s: Smart
Metering & ToU

AMI deployment;
granular
consumption data

Multi-period ToU
rates; seasonal and
tiered structures

5–15% peak reduction;
stronger load shifting

2020s–Present:
Digitalized &
Dynamic Tariffs

Wholesale
pass-through;
automation; APIs

Real-time pricing;
hybrid
subscription–
dynamic models

10–20% load shifting;
personalization and
flexibility.

It synthesizes historical developments, regulatory structures, design mecha-
nisms, and digital-era innovations, with particular attention to how electric
vehicle charging schemes extend and reshape retail pricing logic. By linking
technological capabilities with institutional arrangements, the paper identifies
the mechanisms through which pricing models influence peak-load reduc-
tion, risk allocation, cost recovery, and equity outcomes. The study further
highlights the conditions under which hybrid pricing structures – combin-
ing time-varying signals, subscription components, and automated demand
response – achieve superior system and consumer performance. In doing so,
the review aims to offer a coherent foundation for future research and provide
actionable insights for regulators and market designers navigating the next
phase of tariff reform.

2 Historical Trajectory of Retail Electricity Price Packages

Table 1 outlines the historical evolution of retail electricity pricing packages
across four stages: from the uniform volumetric tariff in the 1930s–1980s, to
inclining block tariffs and two-part pricing in the 1990s–2000s, followed by
time-of-use (ToU) and critical peak pricing (CPP) in the 2010s, and finally the
real-time dynamic plus subscription-based hybrid models of the 2020s. The
driving factors shifted from cost averaging under vertically integrated utili-
ties, to market liberalization and revenue decoupling, then to smart metering
and demand response, and ultimately to digital platforms, electric vehicle
(EV) loads, and household storage.
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2.1 Flat-Rate Tariff Period (1930s–1980s)

In the past decade, a variety of electricity price types have been introduced,
and the main ones are shown in Table 2 [12].

From the 1930s to the 1980s, the global electricity sector was generally
characterized by vertically integrated utility monopolies, where a single
enterprise undertook generation, transmission, distribution, and retail supply
(Figure 1). Electricity tariffs were primarily determined using a cost-plus
model, with accounting covering elements such as fuel, depreciation, oper-
ations and maintenance, and the rate of return on capital [12]. For reasons
of universality and political acceptability, regulators typically approved a
uniform average cost of electricity, while implementing cross-subsidization
between residential and industrial/commercial users through fixed discounts
or surcharges [13].

This model reflected the principle of “uniform pricing with cost recovery,”
but did not differentiate between ToU periods, meaning that consumers paid
the same price during peak and off-peak hours. As a result, retail tariffs
exhibited a “flat and uniform” characteristic. Because marginal costs were
largely disconnected from end-user prices, the demand side lacked incentives
for conservation. System planners thus relied heavily on capacity expan-
sion strategies based on “peak load × high reserve margins,” which led to
the large-scale deployment of coal-fired and nuclear baseload plants as the
dominant means of ensuring supply reliability [15–17].

Under these conditions, the absence of demand-side behavioral incen-
tives, the inefficiency of network investment, and the deadweight losses
associated with monopoly structures became increasingly apparent, con-
straining the optimal allocation of electricity resources. Meanwhile, the lack
of flexible price signals widened the peak-to-valley gap in load curves,
laying the groundwork for subsequent reforms introducing ToU and dynamic
pricing [18].

2.2 Market-Oriented Reform and the Two-Part Tariff Period
(1990s–2000s)

During the 1990s, numerous countries began to restructure their power sec-
tors, as the EU, Japan, and the United States initiated long-delayed efforts
to unbundle vertically integrated utilities, a process illustrated in the global
timeline shown in Figure 2. These reforms began with the unbundling of
generation, transmission, distribution, and retail services, accompanied by
the establishment of Independent System Operators (ISOs) or Transmission
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Figure 1 (a) Monopoly model; (b) single-buyer model; (c) Wholesale market model;
(d) Retail electricity model [14].

System Operators (TSOs). Subsequently, competitive mechanisms such as
wholesale bidding and capacity auctions gradually shaped market-based
wholesale prices [19,20].

On the retail side, in order to balance price signals with revenue stability
for utilities, a “two-part tariff” structure was widely introduced, combining a
demand (capacity) charge with an energy (volumetric) charge. The demand
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Figure 2 A brief history on the deregulation of electricity markets throughout the world [21].

charge was typically calculated according to the customer’s maximum
demand (kW) or meter capacity (kVA) and was intended to cover the fixed
costs of the network. The energy charge was often designed as an Inclin-
ing Block Tariff (IBT), whereby the marginal price increased with higher
consumption blocks. This structure both conveyed scarcity signals to large
consumers and imposed economic constraints on energy-intensive behaviors,
serving as an early tool to encourage energy conservation and demand-side
management [22].

In addition, the demand charge provided utilities with a stable cash flow,
enabling them to maintain investment ratings and raise capital even in the face
of demand fluctuations and wholesale price uncertainty. This mechanism was
therefore important in securing the reliability of transmission and distribution
networks [23].

Tariff design varied across countries depending on national circum-
stances, with differences in applicable customer groups, voltage levels, and
complementary pricing mechanisms (Table 3). Despite such diversity, certain
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Table 3 Comparison of two-part electricity pricing practices in France, the United States,
and Japan
Country User Type Electricity Price System Voltage Level Auxiliary System

US residential users Two-part system three levels peak-valley ToU,
seasonal ToU,
and load rate
package

Industrial and
commercial users

Three-part
system

three levels

France residential users Two-part blue
electricity rate

Low voltage Seasonal time
sharing, peak and
valley time
sharing, and
utilization hours

Farmer users Two-part yellow
electricity rate

Low voltage

Industrial and
commercial users

Two-part green
electricity rate

Medium and high
voltage

Japan Business users Two-part system No rating Seasonal
electricity prices,
segmented
electricity prices,
electricity
charges and load
adjustments

Various medium
and high voltage
users

Two-part system Medium voltage has
three ratings, high
voltage has five ratings

common features could be observed. In terms of applicability, the two-part
tariff was often extended to both residential and commercial/industrial users.
As for complementary tariff mechanisms, utilities typically allocated trans-
mission and distribution costs by voltage level, and then introduced additional
measures such as ToU pricing, seasonal tariffs, load factor–based packages,
or utilization-hour charges within each voltage category. Furthermore, differ-
entiated strategies were adopted according to customer load characteristics,
ensuring that the tariff structure could meet the needs of diverse user groups.

2.3 The Era of Smart Metering and ToU Pricing (2010s)

During the 2010s, the large-scale deployment of Advanced Metering Infras-
tructure (AMI) significantly increased the frequency of electricity data col-
lection, shifting from monthly billing cycles to minute- or even second-level
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intervals. This technological breakthrough provided a robust foundation for
the practical implementation of ToU tariffs [24].

Representative cases include France’s EDF Tempo package, which clas-
sifies days into three types – red, white, and blue – and combines them with
peak and off-peak periods to form six pricing tiers. On 22 extreme peak
days, the “red peak” tariff can reach six to eight times the normal price,
thereby strongly incentivizing consumers to shift demand away from peak
periods [25]. Italy’s Bioraria tariff, in contrast, adopts a simpler two-block
structure, with “F1” (08:00–19:00 on weekdays) and “F2” (all other periods),
enabling effective load shifting [26]. In South Korea, KEPCO introduced
three- or four-block ToU pricing for commercial users, complemented by
demand-control reward mechanisms, which enhanced corporate participation
in peak load management [27].

Beyond improving the granularity of measurement and billing, smart
metering systems have also provided essential data support for dynamic tariff
design, energy feedback, and demand response [28]. Studies demonstrate
that the integration of AMI with ToU pricing can effectively facilitate multi-
layered task scheduling and coordinated electricity supply (Figure 3), while
enabling demand-side flexibility through home automation and real-time
energy feedback [29]. A large body of empirical evidence further shows that,
when paired with smart control devices, ToU pricing has achieved peak load
reductions of 5%–15% across different countries and regions, underscoring
the significant potential of combining AMI with ToU tariffs [30].

2.4 The Era of Digitalization and Real-Time Pricing
(2020s–Present)

Entering the 2020s, the maturation of digital technologies such as cloud
computing, the Internet of Things (IoT), machine learning, and mobile pay-
ment has enabled electricity retailers to transmit wholesale market price
signals directly to end-users at hourly or even 15-minute granularity [31].
At the same time, the high-frequency volatility of wholesale prices driven by
renewable energy penetration has created fertile ground for the innovation of
differentiated retail packages.

Nordic suppliers such as Tibber and Fortum pioneered the “Wholesale
Pass-Through + Zero Commission” model, under which users pay only a
monthly platform fee while directly bearing real-time wholesale prices [32].
In the ERCOT market in Texas, companies such as Griddy and Octopus
Energy US leveraged APIs to deliver settlement data to mobile applications
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Figure 3 Seasonal ToU electricity prices on the main grid.

in real time, enabling household appliances to be automatically scheduled
via tools like IFTTT and Home Assistant [33]. In Germany and the United
Kingdom, retailers further explored hybrid “Fixed Subscription + Spot Float”
billing structures, in which a portion of consumption is bundled into a fixed
monthly fee, while any excess is billed at real-time prices. This approach
balances predictability for consumers with the transmission of market-based
price signals [34].

Real-time pricing mechanisms are typically based on real-time supply–
demand conditions in the grid, marginal generation costs, and carbon emis-
sion factors, with prices published at the start of each time interval. This not
only facilitates effective peak shaving and valley filling but also incentivizes
users to shift consumption toward low-price periods, thereby reducing system
balancing pressures [35]. Empirical studies indicate that, when combined
with smart homes, storage systems, and EV charging schedules, real-time
pricing can achieve peak load reductions of 10%–20% [36].

Moreover, real-time tariffs in user-side microgrids are generally lower
than settlement prices in the main grid, allowing consumers to purchase
electricity at a lower cost while simultaneously reducing the marginal supply
costs for retailers. This creates a mutually beneficial arrangement between
end-users and suppliers [37]. Recent research further reinforces this conclu-
sion, highlighting that real-time pricing based on grid conditions, marginal
generation costs, and carbon intensity not only optimizes system operations
but also strengthens demand-side participation in energy flexibility [38, 39].
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In the context of rapidly expanding distributed energy and smart technolo-
gies, the observed gap between microgrid and wholesale real-time prices
demonstrates the dual benefit of consumer cost savings and reduced supply-
side costs, thereby reinforcing a mutually advantageous structure for both
consumers and retailers [40].

3 Institutional Practices in Major Countries and Regions

3.1 The Practice of Retail Tariff Packages in the Australian
Market

Australia began implementing electricity market reforms in the 1990s, mak-
ing it one of the earliest countries to pursue restructuring in this sector.
Given the relatively small scale of its overall market, most electricity retailers
operate across state boundaries. Retailers have developed a variety of retail
tariff packages based on different dimensions, with the most common being
flexible tariffs and ToU tariffs. In addition to standard supply services, many
retailers also offer value-added services for consumers to choose from [41].

Research on tariff practices in Australia covers several dimensions,
including consumer responses to different tariff schemes and the policy
impacts on market outcomes. Doojav and Kalirajan examined the price and
income elasticity of electricity demand across Australian states and high-
lighted the significant heterogeneity across regions [42]. In recent years,
with further liberalization of the electricity market and the widespread roll-
out of smart meters, ToU tariffs have received increasing attention. Burns
and Mountain analyzed 6,957 household electricity bills in Victoria and
found that, although ToU tariffs offered consumers opportunities to lower
costs by shifting demand to off-peak periods, consumer responses to peak–
off-peak price differentials were weak. This was especially true among
households with lower socioeconomic status, where little or no behavioral
adjustment was observed. These findings suggest that while market liberal-
ization and technological progress created the conditions for wider adoption
of ToU tariffs, their effectiveness in changing consumer behavior has been
limited [43].

Esplin et al. further revealed that electricity retailers often impose higher
prices on loyal customers – a practice referred to as the “loyalty tax.” This
form of price discrimination has been observed not only in Australia but
also in other liberalized markets such as the United Kingdom. Low-income
consumers are particularly disadvantaged, as they face greater barriers to
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accessing market information and higher transaction costs when switching
suppliers, making them more likely to pay the loyalty tax. The study under-
scores the need for policymakers to address the economic burden faced by
vulnerable groups in the electricity market [44].

3.2 The Practice of Electricity Price Packages in the US Retail
Market

The electricity market in Texas is one of the most prominent examples
of power market liberalization in the United States. Operated under the
guidance of the Electric Reliability Council of Texas (ERCOT), the retail
market is subject to strict oversight by the Public Utility Commission (PUC),
which ensures fair competition and price transparency through regulatory
mechanisms.

Texas retailers offer a wide variety of tariff packages and value-added
services. The most common tariff options include fixed-price contracts, ToU
tariffs, and usage-based variable pricing plans. For most retail contracts, elec-
tricity is billed on a monthly basis, although prepaid electricity services are
also available [45]. The Texas retail electricity market is highly competitive,
and retail tariffs are typically lower than the U.S. average. However, during
periods of natural gas price volatility or extreme weather events, prices have
occasionally exceeded the national average. In competitive market segments,
retail electricity reform has reduced retailer costs, while in non-competitive
segments – such as those served by municipal utilities or cooperatives – these
cost reductions have not materialized [46].

In terms of consumer behavior, the Texas market demonstrates significant
consumer inertia. Despite the availability of multiple tariff packages and often
lower-price offers from alternative suppliers, many consumers tend to remain
with their default electricity provider. Research shows that preferences for
incumbent providers are shaped not only by price but also by non-price
factors such as service quality, as well as by search costs and switching
costs [47].

Texas implemented retail electricity competition in 2002 under Senate
Bill 7, allowing new entrants to compete with the retail divisions of five
former monopoly utilities in ERCOT service areas, including Dallas and
Houston. However, markets in Austin, San Antonio, El Paso, and other non-
ERCOT regions remained closed due to municipal ownership or jurisdictional
boundaries, these service areas, identified in Figure 4.

Figure 5 reports the daily average Spearman rank correlation between
residential TOU and day-ahead/spot prices at three major US wholesale
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Figure 4 Areas initially opened to retail competition.

Source: PUCT at: https://www.puc.texas.gov/industry/maps/maps/tdumap.pdf.

nodes (CAISO-SP15, ERCOT-Houston, and ISO-NE Boston) from 2014 to
2020. The results show that, with the exception of a few rare price days, the
correlation remains stable at the annual average level. Superimposing TOU
on CPP barely changes the correlation, indicating that static TOU prices can
anchor typical wholesale signals but have limited coverage of extreme market
conditions. In contrast, China is enhancing the coupling of retail and system
flexibility through VPPs and behind-the-meter/standalone energy storage in
ancillary services (which can be connected to the aforementioned Guiyang
joint simulation case) [48].

3.3 The Practice of Retail Tariff Packages in the United Kingdom

Since the 1990s, the United Kingdom has gradually advanced electricity
market liberalization, making it one of the earliest and most thoroughly
liberalized electricity markets in the world. The UK government has relied on
regulatory mechanisms to safeguard fair competition and price transparency.

https://www.puc.texas.gov/industry/maps/maps/tdumap.pdf
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Figure 5 Yearly averaged daily Spearman rank correlations between retail TOU rates and
day-ahead prices (left) and daily correlations with spot prices (right) across CAISO SP15
(top), ERCOT Houston Hub (middle), and ISO-NE Boston (bottom), 2014–2020; adding CPP
yields nearly identical results, as scarcity events occur on only a few days per year[49].

Ofgem, the Office of Gas and Electricity Markets, plays a central role in
this process by imposing price caps and promoting market openness, thereby
protecting consumer interests while fostering competition.

In the UK retail market, tariff structures generally combine two-part pric-
ing with ToU options. This means that electricity bills include both capacity
charges and energy charges. According to Ofgem’s survey findings, overly
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Figure 6 Existence of price intervention in electricity and gas in 2018. Source:
ACER/CEER.

complex tariff structures and the shortage of qualified retailers significantly
undermine market competitiveness. As a result, most UK suppliers primarily
offer two types of packages – fixed-price tariffs and variable-price tariffs –
with multiple forms of pricing possible under each model [50]. These tariff
products are designed to accommodate diverse consumer preferences and
consumption behaviors. Nevertheless, consumers often face challenges such
as information asymmetry and high search costs when choosing among
competing offers. With the progressive rollout of smart meters, however,
retailers are now able to analyze consumption patterns with greater precision
and design more targeted tariff products.

In 2020, as shown in Figure 6, the UK was finalizing its exit from the
European Union while also undergoing significant changes in its electricity
retail market. Although the UK had been the first European country to fully
liberalize electricity supply, the government reintroduced a broad price cap
after the 2016 Competition and Markets Authority (CMA) inquiry to protect
customers of the Big Six suppliers. This move toward re-regulation has
sparked heated debate, with both the CMA’s assessment and the price cap
itself facing considerable criticism in academic and policy circles.

Leading firms such as British Gas leverage brand trust and economies
of scale to introduce sophisticated tariff packages that bundle renewable
energy options and integrated energy services, targeting consumers who
value stability and additional services. In contrast, smaller suppliers typically
pursue “flexible pricing” strategies, offering simpler packages such as ToU
tariffs or dynamic discount models to appeal to price-sensitive customers.
This differentiation – “large incumbents with complex packages” versus
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“small challengers with flexible offerings” – illustrates the alignment between
market position and consumer segmentation. Large incumbents use scale
advantages to build service barriers, while smaller suppliers rely on agility
to address niche demand. Together, they provide an intuitive case study of
how “competitive structure and tariff design” interact in retail electricity
markets [51].

3.4 The Practice of Retail Tariff Packages in Japan

Japan initiated electricity market reforms in the 1990s, completing a 16-
year process that culminated in the full liberalization of the retail electric-
ity sector [51]. The Japanese government promoted transparency and fair
competition through a series of regulatory policies.

Retailers in Japan have developed a wide range of tariff packages tailored
to different consumer segments, along with various value-added services.
Major tariff options include inclining block tariffs, ToU tariffs, and weekend
discount packages designed for office workers. However, consumers often
face information asymmetry and high search costs when selecting among
these options, which constrains their ability to identify and switch to more
favorable packages [52].

Following the complete liberalization of both the electricity and urban gas
markets, bundled sales strategies – combining electricity with gas or other
services – have become highly popular. Reiko (2022) conducted an empirical
study on the impact of such bundling strategies on consumer switching
behavior in Japan’s retail energy market. The findings suggest that bundling
increases consumer switching costs and thereby reduces the likelihood of
switching to alternative suppliers [53].

3.5 The Practice of Retail Tariff Packages in China

Since the issuance of the landmark “Document No. 9” in 2015, which estab-
lished the framework of “controlling the middle, liberalizing both ends,” pilot
provinces such as Guangdong and Zhejiang took the lead in introducing two
foundational products: peak–valley ToU tariffs and tiered pricing packages.
In 2021, the National Development and Reform Commission released the
Notice on Further Improving the ToU Pricing Mechanism, requiring regions
to scientifically define peak and off-peak periods and rationally determine
price differentials. This policy strengthened the linkage between ToU tariffs
and the spot market, giving rise to hybrid packages such as “fixed price
+ floating share.” For instance, Jiangsu Province launched the E-Power
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Contract, which combines fixed rates with spot market-based adjustments to
improve efficiency in risk sharing.

Since 2015, research on tariff design and consumer behavior has deep-
ened. Empirical analyses confirmed that acceptance of ToU tariffs depends
on multiple factors, including tariff complexity, sensitivity to price volatility,
and market information transparency, while ToU mechanisms have been
shown to incentivize households to shift consumption to off-peak periods,
thereby improving overall system efficiency [54]. Building on this, combined
peak–valley designs were proposed to encourage boundedly rational users
to proactively adjust their electricity use, which not only increased trading
revenues but also enhanced service precision [55].

New modeling approaches have further emphasized consumer-oriented
optimization. One line of work constructed user load-shifting models and
applied a novel GO heuristic algorithm to solve the retailer’s optimization
problem. Simulations based on utility company data demonstrated that this
approach strengthened retailer competitiveness by incorporating user utility
and choice behavior into revenue modeling. In parallel, behavioral analyses
using the Technology Acceptance Model (TAM) revealed that user attributes
and product characteristics jointly shape retail tariff preferences, and that
multidimensional drivers significantly influence business interaction models
in the retail market [57].

To further optimize competitiveness, retailers must accurately deter-
mine user demand, design reliable service price parameters, and align them
with both profit maximization and customer retention. A decision-making
model based on TOPSIS has been developed for this purpose, targeting the
dual objectives of revenue maximization and market share expansion. The
GO optimization algorithm, with its learning–reflection iterative process,
enables global optimization within this framework. As illustrated in Fig-
ure 7, this approach provides a systematic pathway for retailers to enhance
competitiveness while meeting user needs.

To facilitate cross-country comparison and to highlight structural hetero-
geneity across institutional contexts, Table 4 synthesizes the key features of
retail pricing models in representative markets, including pricing structures,
regulatory instruments, customer segmentation strategies, and the degree
of digitalization. The comparative overview illustrates how mature mar-
kets emphasize dynamic and hybrid tariff innovations enabled by smart
metering and flexible regulation, whereas emerging markets continue to rely
more heavily on lifeline tariffs, cross-subsidies, and administratively guided
price formation. This consolidated perspective helps clarify the institutional
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Figure 7 Schematic diagram of improving the competitiveness of electricity retailers [56].

pathways through which different jurisdictions pursue cost-reflectiveness,
risk allocation, and equity objectives.

4 Core Design Mechanisms of Retail Tariff Packages

4.1 Marginal Cost Reflection

At the heart of retail tariff package design lies the principle of marginal cost
reflection, which seeks to transmit generation, transmission, and environmen-
tal costs accurately to end-users. This mechanism enables efficient resource
allocation and guides demand-side responses. Marginal-cost-based pricing,
rooted in long-term system planning, distinguishes between capacity costs
and energy costs, and employs structures such as ToU tariffs and two-part
tariffs to reflect the cost differentials of supply across time periods and voltage
levels.

4.1.1 Energy charges
Short-term marginal costs in electricity systems are generally composed of
three elements: energy costs, which include the fuel and variable operating
and maintenance expenses of the marginal generating unit; congestion costs,
which reflect the shadow prices of transmission constraints; and loss costs,
associated with marginal transmission losses [58]. Within this framework,
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energy charges represent the real-time fuel and O&M expenditures of
generation. Evidence from theoretical and applied studies suggests that
marginal-cost-based real-time pricing, when supported by smart metering
infrastructure, can reduce peak demand by approximately 12%–18% [59].

The implementation of such pricing mechanisms requires advanced
metering and data management infrastructure. High-performance servers,
redundant database systems, and secure storage arrays ensure data integrity,
while GPS-synchronized front-end processors provide millisecond-level
accuracy. Combined with high-speed communication networks and indexing
optimization, these systems significantly enhance the efficiency of database
management, statistical reporting, and settlement processes, thereby support-
ing precise energy measurement and billing [60]. Moreover, as renewable
penetration rises, particularly when wind and solar exceed 30% of total gen-
eration, an additional volatility premium becomes necessary to cover reserve
and balancing costs, preventing the externalization of system risks [61].

4.1.2 Capacity charges
Cramton and Stoft (2006), in The Design of Markets for Generation Capac-
ity Adequacy, argued that capacity market design must avoid the “missing
money” problem, emphasizing that long-term marginal costs must fully cover
the fixed costs of capacity investment. This includes capital recovery for
generation units, grid expansion costs, and reliability insurance, with capacity
charges ideally accounting for 28%–35% of retail tariffs to ensure long-term
adequacy [62].

According to Wang Yongping et al. (2020) from Shenzhen Power Supply
Bureau, the “contracted capacity + actual demand” dual-track design (35
RMB/kW·month) reduced redundant expenditures for industrial users by
12% and improved equipment utilization by 15% [63]. More recently, Zhang
Hongji (2024) addressed the challenge of cost recovery for pumped-storage
power plants under renewable integration. He developed a joint pricing model
that considers both spot and ancillary services markets, proposing a VCG-
based cost allocation mechanism grounded in utility proportion. Simulation
results showed that this method effectively covered plant costs and provided
a fair basis for market-based pricing of pumped storage [64].

4.1.3 Environmental and policy surcharges
Environmental and policy add-ons – such as carbon-intensity-based sur-
charges, renewable consumption incentives, and policy-driven renewable
funds – serve both to incentivize low-carbon electricity use and to internalize
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the externalities of carbon-intensive loads. Research by Pang Jun, Song
Peng, and Chen Qixin indicated that mandatory green certificate trading
could substitute for feed-in tariff subsidies but deliver only limited carbon
reduction effects. Moreover, renewable subsidies tended to depress carbon
prices, requiring “stepwise tightening of total caps” to mitigate distortions,
alongside the establishment of a “green premium transmission mechanism”
[65–67].

Germany, as an industrial powerhouse, has long prioritized climate action
and decarbonization, spearheading the Energiewende with the target of
achieving near carbon neutrality by 2045. Legally, the country enacted and
repeatedly revised the Renewable Energy Act (covering feed-in tariffs, subsi-
dies, and grid access), introduced the National Hydrogen Strategy and related
action plans, and in 2022 passed a comprehensive package of energy transi-
tion laws. These policies have driven impressive results: by 2023, renewables
accounted for more than 50% of total electricity consumption – an increase
of 5.6 percentage points over 2022 – while installed renewable capacity grew
by 12%. However, challenges persist, including the fiscal burden of subsidies
pushing up retail prices, intermittency-induced grid balancing pressures,
delayed storage deployment, and project approval bottlenecks in certain
regions [68, 69].

4.2 Risk Sharing and Hedging

4.2.1 Subscription-based packages
Subscription-based packages adopt a “fixed monthly fee + variable usage
fee” model, transferring part of the price volatility risk from consumers to
retailers. The design principle is that market price risk is borne by retailers,
who rely on their expertise in forecasting and risk management to hedge in
wholesale markets using financial instruments such as electricity futures and
options. This creates a mechanism of secondary risk transfer. According to
O’Connell, Chief Product Officer of Octopus Energy, in the empirical study
UK Household Demand-Side Response, the “subscription-based models +
floating energy charge” model (£20 per month) allowed users to save an
average of £142 annually, with a contract renewal rate of 92% [70].

Similarly, in the mobility sector, Li Bin of NIO proposed the Battery-
as-a-Service (BaaS) subscription model, which separates the battery from
vehicle ownership (battery leasing + energy charges). This approach signif-
icantly reduces the upfront cost of EV purchases while ensuring consumer
affordability and system flexibility [71].
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4.2.2 Price collar design
Price collars are designed by setting upper and lower bounds on retail elec-
tricity tariffs, providing a “safety valve” against extreme price fluctuations.
When market prices fall below the lower bound, consumers pay the actual
lower price; when they rise above the upper bound, the retailer absorbs the
excess cost; within the set range, consumers pay according to market prices.
Demand-side management programs based on this principle allow consumers
to respond to price signals at different times, thereby reducing their electricity
bills [72].

The underlying logic is that retailers and consumers agree on a risk-
sharing arrangement, while retailers hedge extreme risks by purchasing
insurance products or establishing risk reserves. This protects consumers
from exposure to extreme market volatility while maintaining a viable profit
margin for retailers. Guo Ye et al. (2022) further proposed a dynamic adjust-
ment algorithm based on a 70% load factor threshold, which enables adaptive
tariff adjustments under varying system conditions [73].

4.3 Fairness Adjustment

4.3.1 Social tariff mechanisms
Current electricity pricing systems in many regions are characterized by
fragmented classifications, relatively low tariff levels, dispersed regulatory
authority, and persistent cross-subsidies – all of which hinder efficient alloca-
tion of power resources [74]. Establishing a market-oriented pricing mecha-
nism is therefore critical. This includes advancing market reforms, improving
forecasting of consumption for agency-purchase users with regular deviation
reporting, and designing targeted subsidy transmission pathways to safeguard
the electricity rights of low-income households through cross-subsidization.

Fabra, Professor of Economics at the University of Barcelona, analyzed
France’s four-tier regressive tariff subsidy, showing that it reduced electricity
burdens for low-income households by 18% [75]. In China, Lin Boqiang of
Xiamen University (2020) revealed striking disparities in regional subsidy
allocations, reaching 87.5% (15 kWh/month in Guangdong vs. 8 kWh/month
in Yunnan) [76]. Meanwhile, electricity trading centers are strengthening
their platforms to monitor market and price changes in real time. Interna-
tionally, measurement approaches also diverge across sectors: linear metering
dominates in public service areas, while block tariffs are more prevalent
in residential consumption. With the rise of digital technologies, classical
modeling tools can now be combined with big data to design more equitable
and transparent social tariff systems [77].
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4.3.2 “Better offer” disclosure
The “better offer” mechanism enhances fairness in consumer choice by
improving information transparency. Giulietti, Professor at the University of
Warwick, in Consumer Switching Behavior in European Energy Markets,
demonstrated that the UK’s mandatory disclosure of the Annual Potential
Saving Statement (APSS) – showing potential yearly savings on bills – led
38% of consumers to switch to cheaper plans [78].

Building on this logic, joint bidding models that incorporate multiple risk
factors have been proposed to optimize retail electricity offers. Such models
can quantify the risk preferences of generators, enabling risk-managed par-
ticipation in both energy and ancillary service markets. By addressing the
inefficiencies and instability of traditional pricing systems, these optimized
models enhance tariff strategies, ensuring effective peak shaving and valley
filling while improving overall system efficiency [79].

4.4 Digital Foundations

4.4.1 Smart metering
High-frequency data collection has become the cornerstone of modern
demand-side response and dynamic billing, providing the granularity nec-
essary for distributed resource aggregation and virtual power plant (VPP)
scheduling. The effectiveness of ToU pricing is contingent upon access to
interval data at scales of 15 minutes or less, which enables both accurate
measurement and real-time adjustment of user consumption [80]. In China,
the development of a “metering cloud” architecture has reduced system fault
response times to within 15 minutes, significantly enhancing reliability [81].
Nationwide deployment has also reached unprecedented scale: with more
than 500 million smart meters in operation, the system generates approxi-
mately 480 terabytes of new data each day, though less than 20% of this
information is currently leveraged for operational or market optimization
purposes [82].

The responses of different categories of consumers to energy-saving
activities vary with temperature, time of day, and day of the week (Figure 8).
Recent empirical evidence further demonstrates the value of smart metering:
Figure 5 from a Swiss case study shows that electricity savings estimated
from real-time meter data closely matched official SFOE statistics, capturing
a winter reduction of 4.9% compared to the reported 3.9%, thus validat-
ing the reliability of smart meter–based national consumption assessments
(Figure 9)[83].
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Figure 8 Cross-sectional view of relative electricity consumption (%). The figure reports the
estimated hourly changes in electricity use compared with the 2018–2019 reference period.
Values are expressed as percentages and cover households, services, and industry, shown
against months (top row) and days of the week (bottom row). The bottom row uses the
2018–2019 winter (October to March) as the reference period. The red line marks the dates of
energy-saving campaigns.

In addition, simulation studies based on the HELICS platform have devel-
oped a co-simulation framework for interactive energy markets that integrates
multiple systems and models. Results indicate that a double-blind auction
mechanism enabled 40% of users to achieve higher revenues than under
net metering policies, while simultaneously increasing distribution company
income by 3%. This framework provides a quantitative analytical tool for the
design of distribution-level electricity markets [84].

4.4.2 Open APIs and data authorization
Open data-sharing mechanisms break the monopolistic control of retailers
over user data and promote third-party service innovation. Article 8 of the
EU Data Act requires energy companies to provide standardized API inter-
faces. Similarly, Tencent Cloud and China Southern Grid’s Energy Operating
System 3.0 White Paper announced the release of 12 API categories, and
after integrating with nine automotive companies, the number of third-party
applications increased by 300%.

However, data privacy protection is the cornerstone of open API develop-
ment. Under the EU’s General Data Protection Regulation (GDPR), energy
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Figure 9 Monthly variation in national electricity consumption. The estimated consumption
values (blue line), derived from smart meter data without weather adjustments, are compared
with the official SFOE statistics (black crosses). Vertical bars indicate the 95% confidence
interval for each observation. Deviations from long-term temperature norms are represented
by the red dashed line [83].

consumption data may only be shared with “explicit consumer consent,”
highlighting the balance between openness and privacy in digital energy
ecosystems.

4.4.3 Personalized energy insights
Personalized tariff recommendations based on users’ historical consumption
data can mitigate information asymmetry and reduce market inefficiencies.
By integrating data from multiple electricity subsystems into unified architec-
tures and applying advanced analytical models, personalized insights support
multi-stakeholder decision-making and operational efficiency improvements,
thereby accelerating the digital and intelligent transformation of electricity
markets [84].

For example, a report from State Grid Jiangsu Power showed that per-
sonalized “energy health reports” reduced household electricity consumption
by 8.2% and lowered peak air conditioning load by 19% [85]. Similarly, the
“Power Big Data Laboratory” of State Grid Zhejiang developed a “House-
hold Energy Efficiency Optimization” service that analyzes large-scale user
consumption patterns and provides customized efficiency plans, achieving an
average energy savings rate of 8.7% [86].

4.5 Consumer Response and Distributional Effects

4.5.1 Peak load reduction effects
A substantial body of research shows that real-time and dynamic pricing
can effectively reshape electricity consumption by signaling users to shift
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their load, thereby achieving peak shaving, valley filling, and overall grid
optimization. By setting higher tariffs during peak hours and lower tariffs
during off-peak periods, consumers are incentivized to adjust their electric-
ity use accordingly [87]. Within demand response programs, reinforcement
learning methods have been applied to construct price-generation functions
that take into account market and capacity constraints. Using proximal policy
optimization algorithms, aggregators are able to optimize strategies that
maximize profits while reducing system peak load [88]. Under ToU pricing
schemes, higher-income consumers with flexible schedules are often more
willing to shift the operation of energy-intensive appliances from peak to
off-peak periods [89].

4.5.2 Income differences and adoption rates
Adoption of dynamic pricing packages is strongly correlated with household
income. High-income groups typically possess a greater proportion of smart
appliances and enjoy more flexible schedules. As a result, they are less
economically sensitive to price volatility and instead place higher value on
convenience and environmental benefits, making them more likely to choose
green and flexible tariff options [90]. Conversely, low-income groups are
constrained by high upfront costs and barriers to retrofitting rental housing,
which limit their ability to adjust consumption. Their heightened sensitivity
to electricity expenses, coupled with limited access to market information,
further restricts timely adoption of favorable tariff offers [91].

4.5.3 Regulatory intervention and fairness safeguards
Consumer responses to retail tariff innovations are shaped by more than
just price. Factors such as energy literacy and environmental awareness also
influence household decision-making. For instance, low-income groups –
driven by a stronger focus on electricity bills – tend to react more sensitively
to price changes, while high-income groups, despite being less economically
constrained, may respond positively to green tariffs out of environmen-
tal commitment [92]. These dynamics underscore the unequal impacts of
dynamic tariffs across different income segments.

To balance efficiency gains with social equity, governments can provide
subsidies to help low-income households acquire energy-efficient appliances,
thereby enhancing their demand flexibility. At the same time, regulatory
frameworks need to strike a balance between improving overall system
responsiveness and safeguarding vulnerable groups, ensuring that dynamic
pricing contributes to both efficiency and fairness in retail electricity markets.
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5 Evolution and Innovation of EV Charging Packages

5.1 Global Market Evolution Pathways

The proliferation of electric vehicles (EVs) has not only reshaped pat-
terns of energy consumption in the transportation sector but also driven
structural innovation in retail electricity tariff design. EV charging pack-
ages have evolved beyond simple electricity pricing structures into inte-
grated service models that combine pricing mechanisms, user behavior
management, cross-sectoral collaboration, and digital platforms. Globally,
the evolution of EV charging packages exhibits a phased trajectory: from
retailer-led models → utility-led models → retailer–OEM collaborations
→ unlimited subscription plans. These models are not mutually exclu-
sive; rather, they overlap and intertwine, forming a diversified commercial
ecosystem.

(1) Retailer-Led Models
The UK, as one of the most liberalized retail electricity markets, has incu-
bated a number of innovative retailers. A representative example is Octopus
Energy’s Intelligent Go plan. Its mechanism relies on the coordination of
the vehicle battery management system (BMS), grid interface, and user
application, enabling automated off-peak charging through smart scheduling.
According to the company’s Smart Charging Annual Report, this model
reduced annual average charging costs to £172 for participating users, with
more than 150,000 vehicles enrolled [93]. Beyond cost savings, retailer-led
models also tend to integrate broader carbon neutrality narratives, offering
value-added services such as green electricity tracking and carbon footprint
monitoring to enhance customer loyalty.

(2) Utility-Led Models
In the United States, Pacific Gas and Electric (PG&E) introduced the EV2-
A tariff under the approval of the California Public Utilities Commission
(CPUC), representing a classic transition pathway for traditional utilities.
The tariff sets off-peak rates at $0.25/kWh and requires users to install smart
charging stations to enable demand control and local dispatch [94]. Unlike
the flexibility of retailers, utility-led models leverage broad system coverage
and strong dispatching capacity. During grid peak hours, utilities can directly
adjust charging loads across tens of thousands of smart chargers through
aggregation platforms, thereby achieving large-scale peak shaving and valley
filling. Such models demonstrate the irreplaceable role of utilities in ensuring
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grid reliability and system balance, where pricing authority serves system
stability rather than individual customization.

(3) Retailer–OEM Collaborative Models
In Japan, Tokyo Electric Power Company (TEPCO) collaborated with
automakers such as Nissan and Toyota to launch integrated service packages
combining energy and vehicle services. The EV Life Plan bundles vehicle
purchase incentives, charger installation, and differentiated electricity tariffs
into a single product. TEPCO’s EV Package Evaluation Report (2023) indi-
cated that Toyota’s bundled plan (¥0.23/kWh + free charger installation) led
to 91% of charging occurring during off-peak hours, with a five-year retention
rate of 92% [95]. This model highlights the natural advantage of OEMs
at the customer entry point, while illustrating how retailers can enhance
customer stickiness through cross-industry alliances. Collaborative models
help stabilize demand-side consumption groups and strengthen corporate
resilience against wholesale market volatility.

(4) “Unlimited Charging” Subscription Models
Subscription-based approaches have become a recent highlight in EV tariff
innovation. Australia’s AGL Energy introduced the EV Add-On package,
offering unlimited public charging nationwide across more than 2,000 charg-
ing stations for a subscription-based models (∼AUD 89), along with dis-
counts for home charging. This model increased public charging utilization
by 35% but reduced private home charger utilization by 12%, reflecting a shift
in consumption scenarios [96]. While “unlimited charging” greatly enhances
user experience and loyalty, its sustainability depends on both network scale
economies and wholesale market price stability. Some studies warn that in
highly volatile electricity markets, subscription models may increase hedging
costs for retailers, necessitating complementary policy or market tools to
maintain balance.

5.2 Pricing and Configuration Mechanisms

EV charging packages are no longer limited to differentiated price structures;
they have gradually developed into a comprehensive set of mechanisms
addressing risk-sharing, bill stability, demand response, and system integra-
tion. The overarching goal is to balance user experience and predictability
of bills while maximizing the contribution of EV loads to power system
flexibility management.
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(1) Super Off-Peak Pricing + Controlled Charging
The theoretical basis of super off-peak tariffs lies in the principle of “peak–
valley arbitrage.” By directing charging demand to periods of abundant
renewable generation or low system load, these mechanisms simultaneously
relieve grid stress and enhance renewable energy absorption. According to the
Spanish Energy Agency’s White Paper on Demand Response (2021), when
the peak-to-valley price ratio exceeds 1:4, users’ willingness to shift charging
increases by 52% [97].

In recent years, several European countries have combined super off-peak
tariffs with controlled charging schemes, requiring users to install remotely
controllable smart chargers that allow grid operators to adjust charging power
directly. Empirical studies in Denmark and the Netherlands indicate that
such mechanisms effectively align EV loads with wind and solar generation
variability, reducing peak loads by as much as 15–20%.

(2) Block Subscription and Bill Stability
Block subscription models, which combine prepaid quotas with per-unit
charges for excess usage, reduce consumer exposure to price volatility. A
typical example is ChargePoint’s Plus Membership in the United States,
offering 250 kWh of electricity per month for a flat fee of USD 49.99, with
additional usage billed at standard rates. Research by Fitzgerald et al. at the
University of California, Berkeley, found that this model increased charging
frequency by approximately 19%, but 18% of users consumed less than the
included quota, effectively subsidizing heavier users [98].

Bill stability mechanisms further emphasize predictability. For instance,
Engie Group in France introduced the Facture Fixe EV product, which allows
households to set fixed monthly bills based on historical consumption. The
company’s 2022 annual report showed that the product reduced residential
customer churn by 12.3%, underscoring the importance of stable expectations
in enhancing customer loyalty [99].

(3) Peak Dynamic Pricing and Demand-Side Management
Dynamic pricing plays a central role in demand response programs. In
California, the Independent System Operator (CAISO) operates an Emer-
gency Peak Pricing (EPP) scheme, under which electricity prices can rise
to as high as USD 2.0/kWh when system load surpasses critical thresholds,
incentivizing users to curtail non-essential usage [100].

However, studies have also shown that dynamic pricing may exacer-
bate distributional inequalities. Recent policy analyses recommend adopting
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Figure 10 The concept of V2G interaction and the potential power and energy capabilities
of V2G [102].

“tiered pricing” strategies: providing low-income households with a fixed,
low-price basic electricity allowance to cover essential consumption, while
applying dynamic rates to usage beyond that threshold. High-income house-
holds, on the other hand, could be fully exposed to dynamic pricing,
encouraging participation in demand response through storage and smart
appliances [101].

(4) Vehicle-to-Grid (V1G / V2G) Integration
Vehicle-to-Grid (V2G) has emerged as a frontier in charging package
configuration mechanisms.

V1G (Unidirectional interaction): Charging is managed in an orderly manner
to shift load and reduce distribution network stress.

V2G (Bidirectional interaction): Vehicles charge during off-peak periods and
discharge during peak demand, creating the value of “mobile storage” and
transforming EV fleets into distributed flexibility resources (as shown in
Figure 10).

Technically, V2G integration depends on bidirectional flows of energy
and information between vehicles, chargers, and the grid. Recent studies
show that in high-penetration scenarios, a fleet of 100,000 V2G-enabled
EVs can provide peak-shaving capacity equivalent to that of a medium-sized
pumped hydro storage facility [103].
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Figure 11 China’s latest virtual power plants. Note: The colors of the provincial overlays
indicate the leading market type.

China has also begun to explore this area. For example, in Guiyang,
researchers constructed a network model integrating EV charging infrastruc-
ture with multilayer traffic networks and GIS data. By clustering points of
interest (POI) and assigning node identifiers, they achieved joint simulation
of traffic and power systems, providing a validation platform for future
large-scale V2G applications in coordinated traffic–energy scheduling [104].
Figure 11 further illustrates user-side and independent storage participation
in ancillary service markets such as day-ahead, intraday, real-time response,
reserves, frequency regulation, capacity, and power quality [102].

5.3 Customer Segmentation Strategies and Digital Support

The design of EV charging packages is gradually shifting from single-
price products toward personalized service systems. In this transition, three
pillars have emerged as the core drivers of customer segmentation and value
creation: data-driven demand profiling, cross-sector collaboration enabled by
open APIs, and personalized recommendation with gamified incentives.
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(1) Data-Driven Demand Profiling
With the widespread adoption of smart metering and in-vehicle sensor
technologies, both retailers and research institutions can now conduct high-
resolution analyses of charging behaviors across different user groups. In
the United States, mobility and vehicle data have been used to distinguish
between ride-hailing drivers – who display high-frequency fast-charging
demand – and private car owners, who rely more heavily on overnight
slow charging. In the European Union, clustering analyses have revealed
distinct user segments, with some favoring public chargers for emergency
replenishment while others exhibit strong cost-sensitivity [105]. In Japan,
segmentation is built around vehicle types: battery electric vehicles (BEVs)
require access to dense fast-charging networks, while plug-in hybrid vehicles
(PHEVs) can more easily accommodate slow-charging scenarios.

A large-scale study by Strbac and colleagues at Imperial College London,
based on GPS data from 100,000 UK EV users, further identified three
archetypal groups: commuters, commercial users, and low-frequency drivers.
Their research recommended differentiated charging packages tailored to
these groups – for instance, off-peak discounts and fixed-bill options for
commuters, bulk fast-charging discounts for commercial fleets, and low-fee
basic packages for infrequent users [106].

(2) Open APIs and Ecosystem Collaboration
The opening of API interfaces and the growth of ecosystem partnerships have
transformed EV charging packages from isolated pricing products into intelli-
gent multi-stakeholder ecosystems. According to Gartner, ChargePoint’s API
achieves 91% accuracy in predicting charger availability, significantly allevi-
ating congestion at public stations [107]. In China, XPeng Motors’ “reserve-
to-lock” function raised charger arrival success rates to 97.6%, demonstrating
how API-enabled platform mechanisms improve user experience.

In Europe, BMW has partnered with virtual power plant operator Next
Kraftwerke, integrating open vehicle APIs with grid dispatch systems. This
collaboration reduced V2G response times to just 3.2 seconds, enabling EV
fleets to participate directly in Germany’s secondary frequency regulation
market [108]. Such mechanisms highlight the transition of EVs from passive
electricity consumers to active resources within the power system.

(3) Personalized Recommendations and Gamified Incentives
Digitization has also advanced charging tariffs from price differentiation
toward behavioral incentives. Tokyo Electric Power Company (TEPCO)
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introduced a demand response subsidy scheme in which users receive notifi-
cations during grid stress periods to reduce charging. Compliance is rewarded
with bill rebates or bonus points, enabling a distributed “virtual power plant”
with more than 100,000 EVs responding in a single event [109].

In the United Kingdom, BP Pulse launched a “charging points” reward
system that converts off-peak charging behaviors into redeemable vouchers
or mileage credits. This gamified mechanism has significantly increased par-
ticipation in off-peak charging. Beyond strengthening customer interaction
and engagement, it also generates precise behavioral feedback for retailers,
thereby establishing a closed loop of data-driven insights → behavioral
incentives → tariff iteration.

5.4 Performance Evaluation and Distributional Effects

EV charging packages are not only a tool of tariff design but also serve
as an important mechanism for demand response, investment recovery, and
social equity. Their performance is typically assessed along three dimensions:
peak load reduction, cost savings and investment recovery, and adoption rates
under income heterogeneity.

Peak Load Reduction
Within demand response frameworks, charging packages are widely used to
achieve peak–valley load balancing. Some studies have applied reinforcement
learning methods to construct price-generation functions and, through Proxi-
mal Policy Optimization (PPO) algorithms, determine tariff parameters under
market and capacity constraints. This enables aggregators to maximize profits
while simultaneously reducing peak load [110].

Empirical evidence indicates significant income-based differences in the
effectiveness of TOU pricing. Higher-income households with greater flexi-
bility tend to shift high-consumption appliances – such as washing machines,
water heaters, and EV charging – into off-peak periods. In contrast, lower-
income households, constrained by limited equipment or housing conditions,
often exhibit weaker responsiveness [111]. This divergence implies that the
system-level benefits of peak load reduction may be unevenly distributed
across socioeconomic groups.

Cost Savings and Investment Recovery
The impact of dynamic pricing on household electricity expenditures remains
contested. On one hand, several studies suggest that dynamic tariffs reduce
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bills for price-sensitive consumers by 5–15%. On the other hand, evidence
also shows that households with limited response capabilities may face higher
overall costs [112]. This discrepancy arises from the dual mechanism of
dynamic pricing: while it creates opportunities for arbitrage through off-peak
tariffs, actual cost savings depend heavily on users’ cognitive awareness,
capacity to invest in enabling technologies, and behavioral flexibility.

According to the UK National Audit Office (NAO), the average cost of
smart terminal retrofits is approximately £89 per household. Under a 4:1
peak-to-valley price ratio, the payback period for such investments can be
shortened from seven years to five years, demonstrating that strong price
signals can significantly accelerate the recovery pathway [113].

Income Differences and Adoption Rates
Adoption of dynamic packages is highly correlated with income levels. High-
income groups typically own a greater share of smart appliances, enjoy
more flexible schedules, and value environmental benefits, making them
more likely to adopt green and flexible tariff options [114]. By contrast,
low-income households face significant barriers, including upfront costs,
constraints on housing retrofits, and limited access to information. As a
result, they may not only miss out on potential savings from dynamic pric-
ing but may also bear greater bill volatility risks under competitive retail
markets [115].

These distributional effects suggest that without adequate policy support –
such as subsidies, educational initiatives, and baseline electricity guaran-
tees – dynamic pricing and smart charging packages, while improving system
efficiency, may inadvertently exacerbate social inequality.

6 Emerging Trends and Innovation Directions

With the accelerating global energy transition and transport electrification,
retail electricity packages are evolving from traditional time-based pricing
tools into comprehensive mechanisms that support system flexibility, market
innovation, and consumer protection. Future development is simultaneously
driven by technological advances, regulatory innovation, and social equity
concerns. Six key directions can be identified(as shown in Table 4).

6.1 Locational Marginal Cost Pricing

Under the rapid growth of distributed energy resources (DERs) and flexi-
ble loads, traditional average pricing fails to reflect local marginal costs.
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Several European countries have initiated pilots where Distribution Loca-
tional Marginal Pricing (DLMP) is directly mapped into retail tariffs [116].
For example, New York State’s “Value of Distributed Energy Resources”
tariff incorporates the locational value of solar PV and storage into nodal
prices, guiding investment towards grid-constrained areas and reducing costly
distribution upgrades.

6.2 Deep Vehicle–Grid Integration Tariffs

Electric vehicles (EVs) are becoming the fastest-growing and most dispatch-
able load segment. Through ultra-off-peak pricing with automated scheduling
or bidirectional Vehicle-to-Grid (V2G) schemes, charging demand can be
shifted to periods of renewable surplus, while vehicle batteries simulta-
neously participate in frequency regulation, peak shaving, and capacity
markets [117]. A joint pilot by Octopus Energy and Nissan in the UK demon-
strated that V2G participants achieved annual bill savings of around 30%,
while providing the grid with flexibility comparable to that of a mid-sized
storage plant.

6.3 Transactive Energy and P2P Settlements

Enabled by blockchain and centralized trading platforms, prosumers (users
who both consume and generate electricity) can now engage in peer-to-peer
(P2P) energy trading within local or virtual communities [118]. Platforms
such as Power Ledger in Australia and the Yokohama Local Energy Commu-
nity project in Japan have shown that P2P models not only enhance renewable
energy integration but also transform retailers from “energy sellers” into
platform operators and balancing service providers. Future retail packages
may evolve into “transactional memberships,” where subscribers gain access
to distributed trading and green certificate settlement.

6.4 Hybrid “Subscription + Dynamic” Billing

In Nordic and Australian markets, subscription-based models combined with
real-time overage pricing have rapidly gained popularity. This hybrid billing
model increases bill predictability for consumers while enabling retailers to
aggregate flexible loads for wholesale market participation, partially hedg-
ing against price volatility [119]. More importantly, it provides low-income
households with a “stable bill” transition pathway, gradually familiarizing
them with dynamic tariffs while maintaining social equity.
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Table 5 Description of innovation vectors
Innovation Vectors Concept Description Demonstration Project
Electric Vehicles Late-night ultra-low prices

+ controlled charging
windows

Octopus Intelligent (UK);
Drive-On (California)

Retail-Level Node Pricing Detailing transmission and
distribution network
congestion costs to the
user side will incentivize
DER deployment.

VDER-P2 (New York);
Wholesale Club (Texas)

Transactional Energy/P2P Blockchain or
platform-based inter-user
settlements and packaged
ancillary services

Power-Share (Japan);
Powerledger (Australia)

Subscription-Dynamic Hybrid “Netflix-style” credit limit
+ floating top-up

Nordic Fixed Fee + Spot
Floating

AI-Based Precision Machine learning
clustering to match user
flexibility and assets

Pilot programs in Spain,
South Korea, and Singapore

6.5 AI-Driven Personalized Packages

Artificial intelligence and big data analytics are reshaping retail tariff design.
Advanced metering and load disaggregation algorithms enable retailers to
identify user-specific behaviors and elasticity in real time, thereby gen-
erating automated tariff recommendations [120]. Some companies have
already developed AI-driven “dynamic recommendation engines” that inte-
grate reward points, carbon labels, and gamification to enhance customer
engagement. For instance, EDF’s “AI Smart Bill Advisor,” launched in 2023
for 400,000 households, dynamically adjusted ToU blocks and increased
customer satisfaction by 18%.

6.6 Regulatory and Risk Governance Innovation

With the rapid expansion of dynamic pricing and digital retail platforms, price
volatility, data privacy, and cross-sector competition have emerged as key reg-
ulatory concerns. Policymakers are responding with instruments such as price
caps, stabilization funds, API encryption standards, and new market entry
rules to balance efficiency improvements with consumer protection [121].
The European Union’s Electricity Market Design Reform Directive (2024)
explicitly requires retailers to offer both fixed-price and dynamic contracts,
while guaranteeing consumers the right to switch contracts at any time,
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thereby ensuring that innovative tariff models expand in a safe and sustainable
manner.

7 Conclusions

The evolution of retail electricity pricing has moved far beyond the tra-
ditional average-cost recovery paradigm, developing into a multi-layered
framework that integrates marginal-cost reflection, risk-sharing, and distri-
butional fairness. This review traced the historical development of tariff
models, summarized international regulatory practices, analyzed the underly-
ing design mechanisms, examined the rise of EV-specific charging schemes,
and synthesized emerging trends shaped by digitalization and system flexi-
bility. Retail tariff design is now characterized by experimentation and rapid
technological integration; it is increasingly tied to real-time data, automated
decision-making, and cross-sector coordination. While these developments
promise substantial efficiency gains, they also introduce new challenges in
consumer protection, equity, and regulatory oversight.

Despite notable progress in practice and scholarship, several research
gaps remain.

(1) Elasticity Measurement in High-Renewable Systems

As off-peak prices approach zero or become negative, traditional assumptions
about consumer elasticity are increasingly inadequate. Evidence from regions
with renewable penetration above 60% indicates that user responses may dis-
play nonlinear patterns or threshold behaviors. Large-scale empirical studies
are still scarce, yet they are essential for designing dynamic tariffs capable of
supporting net-zero electricity systems.

(2) Distributional Effects and Cross-Country Comparisons

Dynamic pricing and EV charging packages generate markedly different wel-
fare outcomes across income, housing, and demographic groups. However,
comparative research across jurisdictions remains limited. Mature markets
have begun quantifying distributional impacts, while emerging economies –
often characterized by price regulation and cross-subsidies – lack systematic
assessments. A unified evaluation framework is needed to incorporate equity
considerations directly into tariff-performance metrics.

(3) Coordination with Flexibility Markets

As virtual power plants, demand-response auctions, and local flexibility
platforms expand, their boundaries with retail tariffs are becoming less
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clear. Depending on market design, the two instruments may complement
or substitute one another. Future research must clarify how tariff signals
should coordinate with flexibility markets to avoid overlapping incentives or
inefficient market interactions.

(4) Cybersecurity and Data Privacy Risks

With pricing execution increasingly implemented through smart meters,
cloud platforms, and open APIs, vulnerabilities to cyberattacks and data
breaches are growing. Current research largely emphasizes economic and
engineering aspects, with insufficient attention to system behavior under
compromised conditions. Regulatory frameworks must therefore balance
openness and transparency with stringent cybersecurity and data-protection
requirements.

Finally, the policy implications differ significantly across market con-
texts. Advanced liberalized markets – such as those in Europe, North
America, and Australia – are positioned to experiment with granular loca-
tional pricing, AI-based personalization, and subscription–real-time hybrids,
provided strong consumer-protection rules are in place. In contrast, emerging
markets face the dual challenge of maintaining affordability and gradually
reducing cross-subsidies while building the digital and institutional foun-
dations necessary for dynamic pricing. The ability of each jurisdiction to
align digital infrastructure, regulatory flexibility, and social safeguards will
ultimately determine whether tariff innovation can deliver both system-level
efficiency and broad-based consumer acceptance.

Acknowledgment/Funding Statement

This research was supported by the State Grid Smart Vehicle-to-Grid Tech-
nology Co., Ltd. through the self-managed project “Research and Applica-
tion of Big Data–Driven Intelligent Pricing Strategies and Quantitative Eval-
uation Technologies for Charging Stations” (Project No. 523500250005).

References

[1] Borenstein, S., and Bushnell, J. (2022). Electricity Pricing in a Dis-
tributed Energy Future. Energy Journal, 43(6), 23–48.

[2] Faruqui, A., and Sergici, S. (2019). Arcturus 2.0: A Meta-Analysis of
Time-Varying Rates for Electricity. Energy Economics, 80, 330–341.



Electricity Retail Pricing Packages for the Energy Transition 233

[3] Jessoe, K., and Rapson, D. (2014). Knowledge is (Less) Power: Exper-
imental Evidence from Residential Energy Use. American Economic
Review, 104(4), 1417–1438.

[4] Qiu, Y., Colson, G., and Wetzstein, M. (2017). Dynamic Pricing,
Advanced Metering, and Demand Response in Electricity Markets: A
Review. Journal of Cleaner Production, 165, 152–167.

[5] Fell, H., Li, S., and Paul, A. (2014). A New Look at Residential
Electricity Demand Using Household Expenditure Data. International
Economic Review, 55(1), 167–194.

[6] Nyangon, J., Byrne, J., and Taminiau, J. (2020). Distributed Energy,
Peer-to-Peer Trading and the Economics of Local Energy Networks.
Energy Research & Social Science, 70, 101775.

[7] MIT CEEPR (2022). Retail Electricity Pricing in the Age of Dis-
tributed Energy Resources. Center for Energy and Environmental
Policy Research, MIT.

[8] Wolak, F. A. (2011). Measuring the Benefits of Greater Spatial Granu-
larity in Retail Electricity Pricing. American Economic Review: Papers
& Proceedings, 101(3), 381–385.

[9] Narajewski, M., and Ziel, F. (2020). Econometric Modelling and Fore-
casting of Intraday Electricity Prices. Journal of Commodity Markets,
19, 100107.

[10] Ofgem (2023). Electricity Distribution Price Control (RIIO-ED3)
Framework. London: Ofgem.

[11] European Commission (2024). Reform of the EU Electricity Market
Design. Official Journal of the European Union.

[12] Zaki, D.A.; Hamdy, M. A Review of Electricity Tariffs and Enabling
Solutions for Optimal Energy Management. Energies 2022, 15, 8527.
https://doi.org/10.3390/en15228527.

[13] Joskow, P.L. Vertical Integration and Long-Term Contracts: The Case
of Coal-Burning Electric Generating Plants. J. Law Econ. Organ. 1985,
1(1), 33–80.

[14] Liu, J.; Hu, H.; Yu, S.S.; Trinh, H. Electricity Pricing and Its Role in
Modern Smart Energy System Design: A Review. Designs 2023, 7, 76.
https://doi.org/10.3390/designs7030076.

[15] Turvey, R. Optimal Pricing and Investment in Electricity Supply. Econ.
J. 1964, 74(293), 46–75.

[16] Joskow, P.L. Regulation of Natural Monopolies: Electricity. In Hand-
book of Industrial Organization; Schmalensee, R., Willig, R.D., Eds.;
Elsevier: Amsterdam, The Netherlands, 1989; pp. 1227–1286.

https://doi.org/10.3390/en15228527
https://doi.org/10.3390/designs7030076


234 Hang Jing et al.

[17] Hughes, T.P. Networks of Power: Electrification in Western Society,
1880–1930; Johns Hopkins University Press: Baltimore, MD, USA,
1983.

[18] Borenstein, S. Time-Varying Retail Electricity Prices: Theory and
Practice. In Electricity Deregulation: Choices and Challenges; Griffin,
J., Puller, S., Eds.; University of Chicago Press: Chicago, IL, USA,
2005.

[19] Newbery, D.M. Competition, Contracts, and Entry in the Electricity
Spot Market. Rand J. Econ. 1998, 29(4), 726–749.

[20] Green, R.J. Electricity Liberalisation in Europe – How Competitive
Will It Be? Energy Policy 2006, 34(16), 2532–2551.

[21] Haider R, D’Achiardi D, Venkataramanan V, et al. Reinventing the
utility for distributed energy resources: A proposal for retail electricity
markets[J]. Advances in Applied Energy, 2021, 2: 100026.

[22] Hunt, S. Making Competition Work in Electricity; Wiley: New York,
NY, USA, 2002.

[23] Joskow, P.L. Lessons Learned from Electricity Market Liberalization.
Energy J. 2008, 29(Special Issue 2), 9–42.

[24] Depuru, S.S.S.R.; Wang, L.; Devabhaktuni, V. Smart Meters for Power
Grid: Challenges, Issues, Advantages and Status. Renew. Sustain.
Energy Rev. 2011, 15(6), 2736–2742.

[25] Faruqui, A.; Sergici, S. Household Response to Dynamic Pricing of
Electricity – A Survey of 15 Experiments. J. Regul. Econ. 2010, 38(2),
193–225.

[26] Fumagalli, E.; Garrone, P.; Grilli, L. Service Quality Regulation
in Electricity Distribution and Retail. Utilities Policy 2007, 15(3),
154–163.

[27] Kim, J.H.; Shcherbakova, A. Common Failures of Demand Response.
Energy 2011, 36(2), 873–880.

[28] Strielkowski, W.; Fomina, A.; Kravchenko, T.; Ðtreimikienë, D. Smart
Meters and Household Electricity Consumption: A Case Study. Ener-
gies 2019, 12(15), 3050.

[29] Torriti, J.; Hassan, M.G.; Leach, M. Demand Response Experience
in Europe: Policies, Programmes and Implementation. Energy 2010,
35(4), 1575–1583.

[30] Allcott, H. Rethinking Real-Time Electricity Pricing. Resour. Energy
Econ. 2011, 33(4), 820–842.



Electricity Retail Pricing Packages for the Energy Transition 235

[31] Burger, S.P.; Jenkins, J.D.; Batlle, C.; Pérez-Arriaga, I.J. Restructuring
Revisited – Part 1: Competition in Electricity Distribution Systems.
Energy J. 2019, 40(3), 1–26.

[32] Nordic Energy Regulators (NordREG). Wholesale Market-Based
Retail Electricity Model in the Nordics. Report 2021. Available online:
https://www.nordicenergyregulators.org (accessed on 28 Aug 2025).

[33] Brown, D.P.; Sappington, D.E.M. Designing Compensation for Dis-
tributed Solar Generation: Is Net Metering Ever Optimal? Energy J.
2017, 38(3), 1–32.

[34] Hirth, L.; Ziegenhagen, I. Balancing Power and Variable Renewables:
Three Links. Renew. Sustain. Energy Rev. 2015, 50, 1035–1051.

[35] Schittekatte, T.; Meeus, L. Flexibility Markets: Q&A with Project
Pioneers. Utilities Policy 2020, 63, 101017.

[36] Allcott, H. Rethinking Real-Time Electricity Pricing. Resour. Energy
Econ. 2011, 33(4), 820–842.

[37] Eid, C.; Codani, P.; Perez, Y.; Reneses, J.; Hakvoort, R. Managing
Electric Flexibility from Distributed Energy Resources: A Review of
Incentives for Market Design. Renew. Sustain. Energy Rev. 2016, 64,
237–247.

[38] Zhang, X.; Li, W.; Wang, T.; Chen, Y. Real-time Electricity Pricing and
Demand Response: A Survey of Deployments and Insights. Applied
Energy 2023, 320, 119249.

[39] Nguyen, H.; Zhou, P.; Peng, Q. Real-time Pricing for Demand Side
Management: A Data-driven Approach under High Renewable Pene-
tration. Renewable Energy 2024, 210, 103–113.

[40] Li, Q.; Zhao, T.; Wang, J.; Tian, X. Microgrid Real-Time Pricing
Strategies and Benefits: A Review. IEEE Transactions on Smart Grid
2022, 13(5), 3456–3468.

[41] Jiang P, Nie Y, Wang J, et al. Multivariable short-term electricity price
forecasting using artificial intelligence and multi-input multi-output
scheme[J]. Energy Economics, 2023, 117: 106471.

[42] Lee, D., and Wang, K. (2011). Two-part tariff competition in
Hotelling’s location model. Journal of Industrial Organization, 19(4),
41-54.

[43] Zhao X, Gao W, Qian F, et al. Electricity cost comparison of dynamic
pricing model based on load forecasting in home energy management
system[J]. Energy, 2021, 229: 120538.

[44] Xiaowen Gao, Song Dongming, Mao Yongqiang, et al. Short-Term
Load Forecasting Method with Dynamic Response to Time-of-Use

https://www.nordicenergyregulators.org


236 Hang Jing et al.

Electricity Pricing[A] // 2024 6th International Conference on Energy
Systems and Electrical Power, ICESEP 2024[C]. Wuhan, China: Insti-
tute of Electrical and Electronics Engineers Inc., 2024:587–590.

[45] Qianwen Zhu, Tang Wenzuo, Wang Lanxin, et al. Time-of-Use Elec-
tricity Pricing Optimization Considering Investment Saving s of Power
System[A]//20224th International Conference on Smart Power and
Internet Energy Systems, SPIES2022[C]. Beijing, China: Institute of
Electrical and Electronics Engineers Inc., 2022:2154–2158.

[46] Guodong Yu, Cheng Bo, Xu Taiyu, et al. Multi-level task net-
work scheduling and electricity supply collaborative optimization
undertime-of-use electricity pricing [J]. Computer sand Industrial
Engineering, 2025, 203.

[47] Ruhnau O, Bucksteeg M, Ritter D, et al. Why electricity market models
yield different results: Carbon pricing in a model-comparison exper-
iment[J]. Renewable and Sustainable Energy Reviews, 2022, 153:
111701.

[48] Yang W, Sun S, Hao Y, et al. A novel machine learning-based
electricity price forecasting model based on optimal model selection
strategy[J]. Energy, 2022, 238: 121989.

[49] Schittekatte, T., Mallapragada, D., Joskow, P. L., and Schmalensee, R.
(2023). Electricity Retail Rate Design in a Decarbonizing Economy:
An Analysis of Time-of-use and Critical Peak Pricing. The Energy
Journal, 45(3), 25–56. https://doi.org/10.5547/01956574.45.3.tsch.

[50] Amenta C, Aronica M, Stagnaro C. Is more competition better?
Retail electricity prices and switching rates in the European Union[J].
Utilities Policy, 2022, 78: 101405.

[51] Conway L, Prentice D. How Much do Households Respond to Electric-
ity Prices? Evidence from Australia and Abroad[J]. Economic Papers:
A journal of applied economics and policy, 2020, 39(3):290–311.

[52] Kelly B, Bruce M. Do households respond to time-of-use
tariffs? Evidence from Australia[J]. Energy Economics, 2020
(prepublish):105070–.

[53] Ryan E, Rohan B, Jessica S, et al. Who pays the loyalty tax? The
relationship between socioeconomic status and switching in Australia’s
retail electricity markets[J]. Energy Policy, 2022, 164.

[54] Gabrielli P, Wüthrich M, Blume S, et al. Data-driven modeling for
long-term electricity price forecasting[J]. Energy, 2022, 244(Part B):
123107.

https://doi.org/10.5547/01956574.45.3.tsch


Electricity Retail Pricing Packages for the Energy Transition 237

[55] P. R. Hartley, K. B. Medlock and O. Jankovska, Electricity reform and
retail pricing in Texas[J]. Energy Economics, 2019, 801–811.

[56] Liu J, Huang R, Xu X, et al. Reliability service-based strategies for
improving electricity retailer competitiveness using a novel heuristic
algorithm[J]. Journal of Cleaner Production, 2024, 434: 139798.

[57] Song C, Zhao Z, Liu Z. Evaluation of regional and temporal dynam-
ics in CCUS-hydrogen development policy pathways: A data-driven
framework[J]. Renewable Energy, 2025, 239: 122083.

[58] Ali Hortaçsu, Seyed Ali Madanizadeh and Steven L. Puller. Power to
Choose? An Analysis of Consumer Inertia in the Residential Electric-
ity Market[J]. American Economic Journal: Economic Policy, 2017,
9(4):192–226.

[59] Airoldi, A., and Polo, M. (2017). Opening the Retail Electricity Mar-
kets: Puzzles, Drawbacks and Policy Options. IEFE Working Paper
No. 97. IEFE, Center for Research on Energy and Environmental
Economics and Policy, Universita’ Bocconi, Milano, Italy.

[60] Fei Wenjing, Tang Wei, Chen Ling, Ding Wenjiao, Yang Saite. (2023).
Research on the Operation Measurement and Evaluation Method of
Retail Packages under the Background of Electricity Market[J]. IOP
Conference Series: Earth and Environmental Science, 766(1).

[61] Heidarpanah M, Hooshyaripor F, Fazeli M. Daily electricity price
forecasting using artificial intelligence models in the Iranian electricity
market[J]. Energy, 2023, 263: 126011.

[62] Song C, Guo Z, Liu Z, et al. Application of photovoltaics on differ-
ent types of land in China: Opportunities, status and challenges[J].
Renewable and Sustainable Energy Reviews, 2024, 191: 114146.

[63] Reiko M. Consumer switching behavior and bundling: an empirical
study of Japan’s retail energy markets[J]. International Journal of
Economic Policy Studies, 2022, 16(2):443–463.

[64] He Y, Wang M, Guang F. Applicability Evaluation of China’s Retail
Electricity Price Package Combining Data Envelopment Analysis and
a Cloud Model[J]. Energies, 2019, 13(1):6–.

[65] Sun J, Wu F, Shi M, et al. Coordination of Renewable Energy Inte-
gration and Peak Shaving through Evolutionary Game Theory[J].
Processes, 2024, 12(9).

[66] Jichun L, Ruirui H, Xiao X, et al. Reliability service-based strategies
for improving electricity retailer competitiveness using a novel heuris-
tic algorithm[J]. Journal of Cleaner Production, 2024, 434139798.



238 Hang Jing et al.

[67] Faruqui, A.; Sergici, S. Household Response to Dynamic Pricing of
Electricity – A Survey of 15 Experiments. J. Regul. Econ. 2010, 38(2),
193–225.

[68] Schweppe F C. Spot Pricing of Electricity[M]. Kluwer, 1988.
[69] Borenstein S. Time-varying retail electricity prices[J]. Journal of

Economic Literature, 2005, 43(3):157–162.
[70] Xu Y, Huang X, Zheng X, et al. VMD-ATT-LSTM electricity price

prediction based on grey wolf optimization algorithm in electricity
markets considering renewable energy[J]. Renewable Energy, 2024,
236: 121408.

[71] Caineng Z O U, Minjie L I N, Feng M A, et al. Development, chal-
lenges and strategies of natural gas industry under carbon neutral target
in China[J]. Petroleum Exploration and Development, 2024, 51(2):
476–497.

[72] Meng A, Wang P, Zhai G, et al. Electricity price forecasting with high
penetration of renewable energy using attention-based LSTM network
trained by crisscross optimization[J]. Energy, 2022, 254: 124212.

[73] Chen Z, Xia S, Shao Z, et al. Charging or Swapping? A study on the
private Consumers’ acceptance of the electricity replenishment mode
of new energy vehicles[J]. Transportation Research Part F: Traffic
Psychology and Behaviour, 2024, 107: 903–923.

[74] Xu M, Wang M, Zhao M, et al. Uncovering the differentiated impacts
of carbon neutrality and clean air policies in multi-provinces of
China[J]. Iscience, 2024, 27(6).

[75] Tao L. International Experience on Investment Dispute Prevention
Mechanisms and Its Enlightenment-Comments on the Improvement
of the Complaint Mechanism in China’s Foreign Investment Law[J].
Wuhan U. Int’l L. Rev., 2024, 2: 109.

[76] Zhang Y, Feng N, Wang X. Can the green finance pilot policy pro-
mote the low-carbon transformation of the economy?[J]. International
Review of Economics & Finance, 2024, 93: 1074–1086.

[77] Wang F, Shang Y, Zhang P, et al. Exploring the economically sustain-
able solutions for clean heating in rural Northern China[J]. Fundamen-
tal Research, 2024.

[78] Ringel, M., Energy efficiency policy governance in a multi-level
administration structure – evidence from Germany. Energy Efficiency,
2017. 10(3): pp. 753–776.



Electricity Retail Pricing Packages for the Energy Transition 239

[79] Rechsteiner, R., German energy transition (Energiewende) and what
politicians can learn for environmental and climate policy. Clean
Technologies and Environmental Policy, 2021. 23(2): pp. 305–342.

[80] O’Connell, N. (2022). Empirical study on UK residential demand side
response (Report). Octopus Energy.

[81] Yang X, Jaeyeon S. Energy Supply Security Assessment and Het-
erogeneity in China Based on Entropy-GM (1, 1)[J]. Journal of
Engineering Science & Technology Review, 2025, 18(3).

[82] Kiaee M, Hosseinian HA, Abedi SH, Abyaneh SMS. Energy cost
management of domestic customers in real-time electricity pricing
environments[C]//2013 13th International Conference on Environment
and Electrical Engineering (EEEIC). 2013.

[83] Mari A, Remlinger C, Castello R, et al. Real-time estimates of Swiss
electricity savings using streamed smart meter data[J]. Applied Energy,
2025, 377: 124537.

[84] Marcjasz G, Narajewski M, Weron R, et al. Distributional neural
networks for electricity price forecasting[J]. Energy Economics, 2023,
125: 106843.

[85] Fabra, N. (2014). Pass-through of emissions costs. American Eco-
nomic Review, 104(9), 2872–2899.

[86] Feng S, Zhang X, Zhang H, et al. A two-stage bi-level electricity-
carbon coordinated optimization model for China’s coal-fired power
system considering variable renewable energy bidding[J]. Energy,
2024, 312: 133638.

[87] Research on the capacity cost allocation and the electricity capacity
price optimization method for a power system based on the BARY-GA
algorithm.

[88] Giulietti, M. (2017). Consumer switching behavior in European energy
markets. Energy Economics, 65, 377–389.

[89] An electricity price optimization model considering time-of-use and
active distribution network efficiency improvements.

[90] Faruqui, A. (2010). International evidence on dynamic pricing. Elec-
tricity Journal, 23(6), 39–48.

[91] Minghui W. The Process of Foreign Oil Companies Developing New
Energy and Its Enlightenment for China[J]. Academic Journal of
Environment & Earth Science, 2024, 6(1): 84–91.

[92] Southern Power Grid Research Institute. (2023). White paper on the
value of smart meter data (Report). Guangzhou, China. (In Chinese)



240 Hang Jing et al.

[93] Co-simulation of transactive energy markets: A framework for market
testing and evaluation.

[94] Liu J. Research on the Rapid Development of China’s Industrial Econ-
omy and Its Enlightenment to Vietnam[J]. Economics & Management
Information, 2024: 1–9.

[95] State Grid Jiangsu Electric Power. (2023). Pilot report on smart energy
steward (Report). Nanjing, China. (In Chinese)

[96] State Grid Zhejiang Electric Power. (2024). Effect evaluation of house-
hold energy-saving diagnosis service (Report). Hangzhou, China. (In
Chinese)

[97] Liu Y, Zhang P, Yu X, et al. The Reform Practice and Enlightenment
of Transportation Tax and Fee under the Development Background of
Foreign New Energy Vehicles[M]//CICTP 2024. 2024: 3471–3479.

[98] Fraija, A., Henao, N., Agbossou, K., Kelouwani, S., Fournier, M.,
and Nagarsheth, S. H. (2024). Deep reinforcement learning based
dynamic pricing for demand response considering market and supply
constraints. Smart Energy, 14.

[99] Sun A, Wang G, Liu S, et al. International Experience in Elec-
tricity Industry Regulation and Enlightenment for Domestic Pol-
icy[C]//Proceedings of 2024 4th International Conference on Public
Management and Big Data Analysis (PMBDA 2024). Springer Nature,
2025, 318: 127.

[100] Ruan W. The enlightenment of German power energy storage strategy
to China[J]. Advances in Education, Humanities and Social Science
Research, 2024, 12(1): 103–103.

[101] California Public Utilities Commission (CPUC). (2021). Decision 21-
06-035.

[102] Lv S, Zhang X, Wang J, et al. RMCT: Distributed electricity trans-
action based on reputation mechanism and multi-chain technology in
blockchain environment[J]. Electric Power Systems Research, 2025,
243: 111516.

[103] Qin Y, Rao Y, Xu Z, et al. Toward flexibility of user side in China:
Virtual power plant (VPP) and vehicle-to-grid (V2G) interaction[J].
ETransportation, 2023, 18: 100291.

[104] Tokyo Electric Power Company (TEPCO). (2023). EV plan evalua-
tion (Report).

[105] Spanish Energy Agency. (2021). 2021 Demand response white
paper (Report). Madrid, Spain.



Electricity Retail Pricing Packages for the Energy Transition 241

[106] Fitzgerald, G. (2022). EV subscription behavior research. Energy
Policy, 171, 113112.

[107] ENGIE. (2022). Annual report 2022 (Report). Paris, France.
[108] Häseler S, Wulf A J. Promoting real-time electricity tariffs for more

demand response from German households: a review of four policy
options[J]. Energy, Sustainability and Society, 2024, 14(1): 59.

[109] Saheb Ghanbari Motlagh, Jamiu Oladigbolu, Li Li, A review on elec-
tric vehicle charging station operation considering market dynamics
and grid interaction, Applied Energy, Volume 392, 2025, 126058, ISSN
0306-2619, https://doi.org/10.1016/j.apenergy.2025.126058.

[110] Zhan, J.; Huang, M.; Sun, X.; Chen, Z.; Zhang, Z.; Li, Y.; Zhang, Y.;
Ai, Q. Coordinated Interaction Strategy of User-Side EV Charging
Piles for Distribution Network Power Stability. Energies 2025, 18,
1944. https://doi.org/10.3390/en18081944.

[111] Strbac G. EV Charging Behaviour Analysis [J]. IEEE Transactions on
Smart Grid, 2021, 12(6):5179–5191.

[112] Yanchong Zheng, Yubin Wang, Qiang Yang, Market mechanism
enabling electric vehicle grid integration: A critical review on oper-
ational frameworks, service provisions and optimization techniques,
Sustainable Cities and Society, Volume 125, 2025, 106347, ISSN
2210-6707, https://doi.org/10.1016/j.scs.2025.106347.

[113] Hao, C.H., Wesseh, P.K., Wang, J., Abudu, H., Dogah, K.E., Okorie,
D.I. and OseiOpoku, E.E. (2024). Dynamic pricing in consumer centric
electricity markets: Asystematic review and the matic analysis. Energy
Strategy Reviews, 52.

[114] Crew, M.A.; Kleindorfer, P.R. Public Utility Economics; Palgrave
Macmillan: London, UK, 1979.

[115] Stigler, G.J.; Friedland, C. What Can Regulators Regulate? The Case
of Electricity. J. Law Econ. 1962, 5, 1–16.

[116] State Grid Energy Research Institute. (2023). Feasibility study on V2G
large-scale application (Report). Beijing, China. (In Chinese)

[117] National Development and Reform Commission (NDRC). (2023).
2023 Electricity price implementation report (Report). Beijing, China.
(In Chinese)

[118] Keskin N B, Li Y, Sunar N. Data-driven clustering and feature-based
retail electricity pricing with smart meters[J]. Operations Research,
2024.

[119] Koukouvinos K G, Koukouvinos G K, Chalkiadakis P, et al. Evaluating
the performance of smart meters: insights into energy management,

https://doi.org/10.1016/j.apenergy.2025.126058
https://doi.org/10.3390/en18081944
https://doi.org/10.1016/j.scs.2025.106347


242 Hang Jing et al.

dynamic pricing and consumer behavior[J]. Applied Sciences, 2025,
15(2): 960.

[120] Thunshirn P, Mlinaric I, Berg J. A qualitative analysis of consumer
motivations and barriers towards active smart meter utilization[J].
Energy Policy, 2025, 203: 114623.

[121] Lyu R, Guo H, Tang Q, et al. Production Scheduling Identification: An
Inverse Optimization Approach for Industrial Load Modeling Using
Smart Meter Data[J]. IEEE Transactions on Smart Grid, 2024.

[122] Elwesemy S E A, Ali A W. Innovating Energy Management: A
Dynamic Approach to Smart Metering and Peak-Time Pricing in
IoT-driven Grid[C]//8th IUGRC International Undergraduate Research
Conference.

[123] Qin C, Liu W, Yan Y, et al. Designing personalized incentive-based
demand response services based on smart meter data and NSGA-III-
DE algorithm[J]. Energy, 2025: 137454.

[124] Khalid Z, Kazmi S A A, Hassan M, et al. Socio-Economic Analysis
for Adoption of Smart Metering System in SAARC Region: Current
Challenges and Future Perspectives[J]. Sustainability, 2025, 17(15):
6786.

[125] Stute J, Pelka S, Kühnbach M, et al. Assessing the conditions for eco-
nomic viability of dynamic electricity retail tariffs for households[J].
Advances in Applied Energy, 2024, 14: 100174.

Biographies

Hang Jing received the master’s degree in Electrical Engineering (educa-
tional background: master’s degree). He holds the title of Senior Engineer.
His research area includes Electrical Engineering.



Electricity Retail Pricing Packages for the Energy Transition 243

Yansong Xia received the master’s degree in Electrical Engineering (educa-
tional background: master’s degree). He holds the title of Senior Engineer.
His research area includes Electrical Engineering.

Houzhi Li received the master’s degree in Management Science and Engi-
neering (educational background: master’s degree). He holds the title of
Senior Engineer. His research area includes Management Science and Engi-
neering.



244 Hang Jing et al.

Mingze Gao received the master’s degree in Data Science and Engineer-
ing (educational background: master’s degree). He holds the title of Junior
Engineer. His research area includes Data Science and Engineering.


	Introduction
	Historical Trajectory of Retail Electricity Price Packages
	Flat-Rate Tariff Period (1930s–1980s)
	Market-Oriented Reform and the Two-Part Tariff Period (1990s–2000s)
	The Era of Smart Metering and ToU Pricing (2010s)
	The Era of Digitalization and Real-Time Pricing (2020s–Present)

	Institutional Practices in Major Countries and Regions
	The Practice of Retail Tariff Packages in the Australian Market
	The Practice of Electricity Price Packages in the US Retail Market
	The Practice of Retail Tariff Packages in the United Kingdom
	The Practice of Retail Tariff Packages in Japan
	The Practice of Retail Tariff Packages in China

	Core Design Mechanisms of Retail Tariff Packages
	Marginal Cost Reflection
	Energy charges
	Capacity charges
	Environmental and policy surcharges

	Risk Sharing and Hedging
	Subscription-based packages
	Price collar design

	Fairness Adjustment
	Social tariff mechanisms
	``Better offer'' disclosure

	Digital Foundations
	Smart metering
	Open APIs and data authorization
	Personalized energy insights

	Consumer Response and Distributional Effects
	Peak load reduction effects
	Income differences and adoption rates
	Regulatory intervention and fairness safeguards


	Evolution and Innovation of EV Charging Packages
	Global Market Evolution Pathways
	Pricing and Configuration Mechanisms
	Customer Segmentation Strategies and Digital Support
	Performance Evaluation and Distributional Effects

	Emerging Trends and Innovation Directions
	Locational Marginal Cost Pricing
	Deep Vehicle–Grid Integration Tariffs
	Transactive Energy and P2P Settlements
	Hybrid ``Subscription + Dynamic'' Billing
	AI-Driven Personalized Packages
	Regulatory and Risk Governance Innovation

	Conclusions

