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Abstract
The UK Plan for a Green Industrial Revolution aims to ban petrol and diesel cars by 2030 and transition to electric vehi-
cles (EVs). Current business models for EV ownership and the transition to net-net zero emissions are not working for 
households in the lowest income brackets. However, low-income communities bear the brunt of environmental and 
health illnesses from transport air pollution caused by those living in relatively more affluent areas. Importantly, achieving 
equitable EV ownership amongst low-and middle-income households and driving policy goals towards environmental 
injustice of air pollution and net-zero emissions would require responsible and circular business models. Such consumer-
focused business models address an EV subscription via low-income household tax rebates, an EV battery value-chain 
circularity, locally-driven new battery technological development, including EV manufacturing tax rebates and socially 
innovative mechanisms. This brief communication emphasises that consumer-led business models following net-zero 
emission vehicles shift and decisions must ensure positive-sum outcomes. And must focus not only on profits and com-
petitiveness but also on people, planet, prosperity and partnership co-benefits.

1 Introduction

In the last couple of years, ambient air pollution and climate change concerns have reinforced the UK’s ambitious policy 
to transition to electric vehicles (EVs). As a result, the UK government’s recent announcement that sales of internal com-
bustion engine vehicles/petrol and diesel vehicles (ICE) will end by 2030 has already directed the public mind towards 
EVs. However, many barriers to EV uptake persist despite the government’s ambitious target to banish ICE and decar-
bonise the transport sector by 2030, e.g., point 4: accelerating the shift to zero-emission vehicles in the Ten Point Plan 
for a Green Industrial Revolution.

A recent study that interviewed thirty multi-stakeholder groups shows the challenges in delivering equitable EV 
ownership in low-income households. This study interviewed multi-stakeholder EV groups and actors from local authori-
ties, vehicle manufacturers, electric vehicles (EVs) fleet operators, policy think tanks, non-profit organisations, EV policy 
shapers, academics, and energy and raw mineral companies [1]. The interview scripts were transcribed verbatim, and 
transcripts were analysed with the aid of NVivo 12 software.

The study revealed that charging infrastructure is not the only problem to mainstreaming EVs in the UK. However, the 
lack of innovative consumer experience with EV technologies or a transition plan from petrol and diesel cars (ICE) to EVs, 
and the need to bridge the urban–rural charging infrastructure gap, improve EV incentives and solve the EV range anxi-
ety (e.g., affording a 200–300 mile range EV), as well as investment in disadvantaged and low-income communities, are 
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all challenges in the transition to net-zero emission vehicles. Similarly, a recent set of figures from the Society of Motor 
Manufacturers and Traders (SMMT) in the UK shows that registrations for pure EVs/ultra-low emission vehicles (ULEVs) 
in the first 9 months of 2020 were up to 127% compared to 2019 [2].

Yet, this growing market comprises higher-income consumers, with over half of EV owners still primarily concen-
trated among the top 20% wealthiest income earners [2]. Most private EV owners are currently middle-aged, male, 
well-educated, affluent, and live in urban areas with households containing two or more cars and the ability to charge 
at home [3]. Indeed, those in the lowest two income brackets made up just 4% of EV owners from 2015 to 2017 [2]. Such 
a disparity amongst EV ownership in the UK emphasises the rich vs poor aspect of EV acceptance and the affordability 
gap in decarbonising the transport sector revealed in the study. Regrettably, the income disparity in EV ownership is 
even more salient given that minority and low-income postcodes bear the brunt of environmental and health illnesses, 
such as air pollution from road transport [4, 5] and its interplay with socio-environmental determinants of health. Demo-
graphic and socio-economic analyses have indicated that, in Britain, low-income households may be disproportionately 
represented in areas with the highest concentrations of nitrogen dioxide  (NO2) pollution on average than those living 
in affluent neighbourhoods [6]. Thus, social inequality and environmental injustice are present [6]. Furthermore, road 
transport pollution within poor areas is caused by those living in relatively more affluent areas, compounding environ-
mental injustice [7].

Bold efforts, including innovative, transformative responsible business models to decarbonise the transport sector and 
close the EV ownership equity gap, are overdue. Hence, the Green Industrial Revolution Plan proposed green paper due in 
2021 on the UK’s post-EU emissions regulations presents an excellent opportunity to address this collision of equity and 
sustainability injustices (i.e. economic, social and environmental injustices) experienced within low-income communities.

Informed by the study, this brief communication explores potential ’responsible and circular business models’ useful 
to guide equitable EV ownership vis-à-vis, EV cost and knowledge gaps towards net-zero emissions and distributive 
justice. The subsequent sections provide brief insights into EV technology and responsible business models useful for 
managing public policy gaps in achieving equitable EV ownership in low-income households while tackling economic, 
environmental and health injustices within postcodes.

1.1  Low‑income EV ownership versus the EV technology interplay

Some of the barriers affecting prospective EV customers and uptake are understanding EV technology, lack of incentives 
and engagement with EV dealers and manufacturers [8]. For example, there is a lack of public awareness of how EVs 
work and their battery technology being integral in this shift. An LA EV policy lead highlighted that "in terms of public 
education, there isn’t anything yet we’re doing for the public", which inhibits consumer EV uptake "because of fear of 
the unknown, uncertainty, and consumers’ do not understand the EV technologies properly". Thus, a key measure in the 
transition to EVs is consumers’ role in understanding EV technology, i.e., where battery technology currently remains 
the heartbeat powering EVs, determining about one-third of EVs high-cost, the resale value and net-zero futures [9].

First, as insight into contemporary EV models, studies show that EVs powered by lithium-ion batteries (LIBs) account 
for one-third or approximately 40% of the entire value-added share of an EV [10]. Thus, the added battery price resulting 
from its design, manufacturing process, and machinery required, including high-cost critical raw minerals such as cobalt 
and nickel, makes consumers’ upfront cost to purchase EVs thousands of dollars, pounds or euros more expensive than 
buying a similar ICE model.

In recent years, LIB cell prices have decreased from $290/kWh in 2014 to $110/kWh in 2020 (Fig. 1), yet LIBs raw mate-
rial risk looms [11]. However, EVs reaching production cost parity with ICE vehicles are indeterminate and may take some 
time [12]. And LIB price uncertainties could arise due to unforeseen global supply and value chain enablers and shocks 
arising from LIB manufacturing and critical raw mineral sourcing, e.g., geopolitical conflicts and tensions with China (hav-
ing a global grip on EV LIB raw material sourcing, cell and module manufacturing, including pack assembly), land-use 
conflicts, e.g. mining ecological impacts versus local communities resistance, ethical and political instability and wars in 
unstable mineral-rich countries such as the Democratic Republic Congo and the impact of pandemics on supply chains.

Although LIB prices are decreasing and the UK government has taken positive steps in the form of £582 million in grant 
funding to help make EVs cheaper and £500 million available for EV battery production, this may still not be enough to 
address equitable EV ownership. Likewise, the collision of economic, social, health and environmental injustices experi-
enced within low-income communities and households. Consequently, more investment and innovative business models 
directed at stimulating EV uptake on a large scale amongst low-income earners are urgently needed, e.g., business models 
useful to offset EV battery value share and financial burden bestowed on low-income households.
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Unlike a diesel or petrol vehicle, an EV battery (LIB), similar to smartphone batteries, repeatedly undergoes cycles of 
discharging when driving and charging during plug-in, affecting the amount of charge the battery can hold [13]. Many 
studies show that the EV battery capacity fades over time, making it unsuitable to meet EV performance when the 
original power falls below 70–80% [14, 15]. However, other studies show that EV batteries continue to meet drivers’ daily 
travel needs well beyond a capacity fade of 80% of the remaining energy storage capacity [16]. As a significant relief to 
consumers following EV costs and battery retirement thresholds, auto manufacturers usually warrant an EV battery for 
a set time. For example, mainstream EV manufacturers—such as BMW i3, Nissan and Tesla—offer a battery warranty for 
8 years or 100,000 miles on some EV models.

Therefore, looking to ensure excellence in environmental injustices and EV ownership amongst those in the low-
est income brackets may follow innovative ways of thinking and adopting consumer-focused business models and 
typologies towards distributive justice outcomes. Developing such business models requires a focus on inclusivity, a 
mix of policy instruments and good governance: encouraging multi-stakeholder decision-making processes, financial 
incentives, engaging local authorities, public health experts, auto manufacturers and traders, charging infrastructure 
businesses, community groups, minority groups, civil societies, EV experts, academics, companies, retailers and finan-
cial organisations, etc. to jointly develop bespoke locally-driven EV transition plans, policies, and programmes. Such 
consumer-focused business models are urgently needed to tackle technological equity, injustices and environmental 
emission emergencies within deprived communities and low-income households.

2  Overcoming such injustices

Below highlights some innovative business models that may contribute to EV consumer-led and circular business models 
towards equitable EV ownership, tackling sustainability injustices and net-zero emission targets.

2.1  Integrated net‑zero emission vehicle subscription business model

The design of EV incentives is vital to spurring the EV market, and the timing is a critical factor in its effectiveness [8]. 
Additionally, financial incentives help reduce the point-of-sale purchase price of an EV and are more attractive to con-
sumers than incentives received later in the future [17]. The study revealed that the "current incentives for ULEVs should 
be made more attractive, by expanding and offering low-income consumers tax relief/taxation incentives on EVs and 
exchanging ICE vehicles on the Go Ultra Low scheme with auto dealers".

Presently, in the UK, ULEVs are eligible for tax benefits if purchased through a salary sacrifice agreement between an 
employer and employee. In this scheme, the employee’s cash remuneration is reduced for an equivalent benefit in kind 
[18]. However, given current EV prices and tough economic times, such a salary sacrifice scheme and monthly deductions 
are likely to benefit wealthy earners. Thus, in the design of responsible business models accelerating the shift to zero-
emission vehicles, key trade-offs and synergies between policy goals—especially ’strategic government zero-emission 
policy goals’ versus ’ affordability and public acceptance’—must be explored.

Fig. 1  Lithium-ion cell price 
$/kWh, Source: Benchmark 
mineral intelligence
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Given this, responsible business models must aim to create positive-sum outcomes, focusing not only on businesses 
profits and the UK competitiveness but also on winning for people, planet and prosperity. Importantly, policy trade-offs 
must strive to create a virtuous cycle towards the UN’s Sustainable Development Goals (SDGs) and potential harness 
synergies vis-a-vis the social, economic, political, ethical, environmental and technological factors influencing the system 
change for net-zero emission vehicles [9].

From a pure EV ownership cost and sustainability public policy perspective, the battery subscription circular business 
model is attractive. Not only does a subscription business model deliver a higher return on acquisition costs by increas-
ing the overall customer lifetime value [19]. It will also allow businesses and policy-makers to connect with consumers 
and share knowledge on net-zero emission policy and harness sustainability investment. Particularly, to create sound 
national public policy frameworks based on pro-poor development strategies (SDG 1), while substantially reducing the 
number of deaths and illnesses from air pollution (SDG 3). Likewise, ensure access to affordable cleaner energy (SDG 7), 
tackling reduced inequalities (SDG 10) and ensuring sustainable cities and communities (SDG 11).

National government-led business models must allow manufacturers, dealers, and public outreach campaigns to 
expand EVs’ appeal and awareness to a larger consumer market. Thus, like subscriptions for Amazon Prime and Netflix, 
an integrated net-zero emission vehicle subscription model will help cut the upfront cost for many low-income consumers 
to be forced to buy ULEV by 2030 and beyond. Following this decoupling EV purchase business model under a revision 
of the current Tax benefits for ULEV, a robust, innovative consumer-led battery subscription model within distributive 
justice lens in sustainable transportation, could ensure low-income families/households paying only the vehicle value 
price share minus the cost of the battery. Though it sounds controversial, the EV battery (dependent on LIB production 
cell prices, future cheaper battery technology and EV parity cost to petrol and diesel vehicles) can be financed or absorbed 
from low-income consumers’ national income tax, and  as an early adoption incentive. A subscription model can extend 
within a warranty period,—and unlocking the sustainability case for LIBs’ raw materials recycling or second-life use with 
a low-carbon grid in mind, i.e., when LIB power falls below 70–80% of their original capacity. Thus, helping the govern-
ment meet another of its Green Industrial Revolution Plan objectives.

As a positive-sum outcome, an integrated net-zero emission vehicle subscription model and arrangements between 
the governments, financial institutions, auto manufacturers and traders, including other relevant actors within the value 
chain, must aim to:

• Ensure consumers from low-income households and communities within a certain period can soon subscribe to 
eligible ULEV plans. For example, considering current EV prices and battery interplay [11], low-income consumers 
within a specific income threshold can make a payment arrangement towards 60% of the vehicle value rather than 
waiting until 2030. And enjoy flexible one-third or 40% LIB tax rebates as early adoption via their national income tax 
reductions at the point of sale. Such a business model could be useful until cheaper EV battery technology becomes 
mainstream or low-cost LIBs impact price parity with ICE. Given this, actors involved (government, auto manufactur-
ers, dealers, banks/financial institutions, consumers, etc.) can all win by creating win–win opportunities and actions 
for sustainability—i.e. a win for the people, planet, prosperity, profit, and partnership towards the 2030 Agenda and 
beyond. As a responsible business model, a subscription model can be useful to stimulate net-zero emissions towards 
a low-carbon grid, i.e., degraded EV batteries used as stationary energy storage to offer renewable energy grid services 
[21].

• Offer low-income consumers the opportunity and affordability to drive desired long-range priced EV models (e.g., 
executive saloons and large SUV) much sooner than 2030. Therefore, address consumers’ EV fear of the ’unknown’, i.e. 
accounting for range anxiety and options to drive 200–300 mile range ULEV and specific brands. Such an innovative 
model supported by investments and incentives will help keep the National Grid projected 36 m EVs on the UK roads 
by 2040 alive.

• Address insurance coverage, servicing and maintenance, including full disclosure of hidden taxes and charges linking 
to battery replacement/upgrades or repurposing schemes.

• In tandem with a coherent roll-out of on-street and home off-street charging infrastructure, including residential 
charging, this integrated subscription business model could consider consumer ULEV use of charging infrastructures 
countrywide, e.g., via a charging card.

• EVs’ sustainability benefits, e.g., reduced air pollution emissions, annual reduced consumer costs of energy/fuel, 
comfort to drive, and decreased service and maintenance compared to ICE vehicles, should be promoted.
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Inevitably, the majority of low-income households are more likely to purchase second-hand/used EV vehicles. 
Therefore,

• The current 100,000 miles battery warranty practices do not make second-hand ULEVs with ’near degraded or end 
of first-life’ batteries an economically viable and sustainable choice—unless an aftermarket extended warranty on a 
used LIB for low-income households can be ensured from auto dealers and all relevant actors.

• A ’consumer clause’ to guarantee and test used EV battery state-of-health/degradation before purchase to low-income 
consumers should be a part of any innovative consumer-led business model [9]. Indeed, such political and procedural 
public policy design presents an opportunity to positively impact EV battery circularity programs.

As a measure to boost ULEV purchases in the UK under this business model and towards complete battery circular-
ity, consumers should be encouraged to take advantage of the current EV Plug-in Car Grant schemes for switching to 
ULEVs. To offset the high costs of batteries, these degraded EV batteries in second life are used as stationary batteries 
to offer grid services [20].

2.2  Closing‑the‑loop: LIB upgrade and modular circular economy models

Beyond the integrated subscription business model in spurring the EV market, governments need to consider a modular-
ity circular business model when designing EV programs to stimulate net-zero emissions towards a low-carbon grid. A 
battery modularity business model is an example of a closed-loop business model where vehicle manufacturers, dealers, 
or registered certified businesses take ownership of repurposing and recycling batteries and provide battery replacement 
solutions for consumers [9]. As a measure of the low-carbon grid and 1.5-degree net-zero emissions, a circular business 
model ensures repurposing LIBs after their EV life (i.e., when LIB power falls below 80% of their original capacity) for use 
in grid storage solutions [9, 21].

For grid storage and net-zero emissions policy goals, 80% performance of second-life LIB is deemed good enough 
to power renewable energy sources from solar or wind for household energy storage applications until the end of the 
LIB’s second life. In many ways, a modularity business model via renewable energy sources can help meet peak power 
demand within households and improve households’ energy efficiency in the over 3.5 million fuel poverty among low-
income families in the UK whilst boosting household income [22]. However, safety is one of the most significant barriers 
to the nascent second-life LIB industry. Thus, business models must address legislative safety frameworks and risks such 
as electrocution, battery explosions, applicable codes and standards for repurposing LIBs in stationary energy and grid 
storage applications. Besides, without battery technological advancements as safe energy storage devices, it will be 
challenging to fully harness cleaner and renewable energy sources, such as wind and solar, within the built environment 
and the EV value chain, e.g., within households, manufacturing and decarbonising the mining sector.

This circular business model will become robust only with regulatory and marketplace frameworks, ensuring upgrad-
ing and repurposing degraded LIB cells after EV use is brought back into the supply chain. Incentives and investments are 
useful for spurring consumer-end acceptance—i.e., testing, recovering, replacing, repurposing, and recycling LIBs—in 
such a closed-loop model designed for the second-life battery marketplace. For example, the ReLiB project, including 
auto manufacturers and expert registered businesses such as Circular Energy Storage, can play a crucial role in improving 
EV battery recycling efficiency in the UK. Incentivising consumers will also signal that they have a personal responsibility 
for protecting the natural environment and a stake to help the climate emergency.

As a rule of thumb, a LIB upgrade and circularity business model backed with responsible business consumer legislative 
frameworks should ensure the following:

• Automakers and dealers commit to a consumer-focused sustainable battery plan and do not make it difficult for 
consumers to upgrade on a battery subscription plan.

• There is a replacement plan for the original EV battery pack to give the EV a new spark of life with more range and 
value for money to benefit low-income EV consumers.

Given this, an EV battery upgrade plan (with a battery warranty for a total of 100,000 miles or five or a  maximum of 8 
years, whichever comes first) should aim towards a circular economy design in generating new revenue and marketplaces 
that support a low-carbon grid. And among other things, ensure resource efficiency through raw material recovery.
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In fact, for such proposed battery upgrade business models to work properly in tandem with a subscription model, 
investing billions of pounds more into the UK auto sector is critical to becoming a global superpower in the EV industry. 
Investment measures in EV and battery technological advancement should support up new start-ups, e.g. second-life 
start-ups, and boost efficient local battery development, i.e. the Battery Industrialisation Centre (UKBIC) part of the 
Faraday Battery Challenge. Creatively, investments, including ULEV manufacturing tax breaks for local auto manufactur-
ers, such as Jaguar Land Rover and Nissan, can also ensure the development of local affordable/cheaper EV models to 
increase ULEV uptake and become competitive globally. Such investment and local production recommendation could 
become explicit in the EV net-zero emission proposed green paper in 2021.

2.3  Global value chain responsible and circularity business model

The study on the UK shift to EVs reveals the importance of overcoming issues around the critical raw minerals for batteries, 
including battery manufacturing and supply chain risks and the negative externalities caused by mining and resource 
consumption in mineral-rich countries [9].

The study acknowledges that the EV value chain and low-carbon revolution will require a substantial increase in 
mining several essential critical raw minerals and metals, such as lithium,  cobalt, manganese, nickel and copper, in the 
roll-out of charging infrastructure and wind turbines for EVs [9]. Thus, as part of the UK’s Green Industrial Revolution Plan 
for transitioning to EVs and net-zero emissions, remodelling the EV industrial ecosystem and recognising values at each 
point of EV product life remain vital. This means a global value chain based on a responsible circular business model 
that addresses raw mineral extraction, manufacturing, transportation, operations, distribution, sales, use, reuse, repair, 
remanufacturing, recycling and innovation mechanisms, as shown in Fig. 2. 

Accordingly, a careful balance of the upstream value chain and resource scarcity as part of a responsible circular busi-
ness model, e.g., in the UK’s Green Industrial Revolution Plan, must address the dependency on China and other non-UK 
and Asian countries on EV LIB raw material sourcing and cell and module manufacturing, including pack assembly and 
recycling [9]. In other words, address upstream environmental emissions within the global value chain, vis-à-vis the 
geographical unbundling economies’, following production, manufacturing and resource consumption patterns.
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Fig. 2  The electric vehicle transition and battery circularity sustainable business model
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As shown in Fig. 2, a responsible circular business model for the EV global value chain should aim to address the 
following:

• Fossil fuel use, e.g., carbon dioxide  (CO2) and nitrogen oxide (NOx) emissions; resource consumption/depletion and 
risks; and biodiversity protection, e.g., local water pollution and water stress in sourcing raw minerals (such as lithium,  
nickel-manganese-cobalt cathode material for LIBs). It is essential to note that mining operations account for 11% 
of global energy use; hence, the mining sector also needs to be reformed to accelerate the shift to zero-emissions 
[23]. However, only a few world’s largest mining companies (by market capitalisation) have committed to reaching 
net-zero emissions by 2050 or sooner.  And there is no net-zero targets plan for Scope 1 and 2 (direct emissions and 
emissions from purchased energy) targets that support the Paris climate’s goals accord.  

• Value chain ethical issues addressing human rights, forced labour and economic development issues, including meas-
ures for second-life reuse or repurposing, and waste management in building sustainable cities and communities.

• Avoid a scenario where highly polluted, banned ICE vehicles will be shipped or exported to low-middle-income 
countries (LMICs), including resource-rich mineral countries. Notably, millions of ICE vehicles exported from Europe, 
the United States, and Japan to the developing world are of poor quality, contributing significantly to air pollution 
and hindering efforts to mitigate the effects of climate change [24].

3  Discussion

3.1  Technological, regulatory and socially innovative measures

The climate emergency and the need for net-zero emissions are still not widely known by much of the public [25]. 
The study reveals that current consumer education and EV business propositions "are not good enough". Therefore, to 
promote EVs in low-income communities and households, the subscription and circularity business models provide an 
opportunity for air pollution and climate emergencies, including net-zero knowledge transfer and education pathways. 
However, EV infrastructural investments and promotion within low-income communities must look beyond profit and 
aim to regenerate and socially innovate low-income communities towards sustainable development.

Perhaps an overarching approach to a socially innovative business model will provide clarity for a better public under-
standing of air pollution, a climate emergency and the politically framed ’net-zero emission buzzword’ driven by govern-
ments, academics, corporations, investors and billionaires. As a "quasi-concept", social innovation addresses social change 
driven by everyday interactions, as well as the diverse ways in which social groups and communities deal with social, 
economic, and environmental challenges [26, 27]. Social innovation is applied to address global societal challenges, such 
as health and well-being [28], sustainable energy [29], and sustainable cities and communities [30].

Notably, civil society, the EV sector, financial institutions and local authorities must all play a crucial role in embracing 
socially innovative bottom-up approaches in engaging consumers and harnessing policy trade-offs and synergies in the 
transition to net-zero emission vehicles and futures. Having socially innovative business models with the right legisla-
tive frameworks will become valuable in the UK Green Industrial Revolution Plan to deliver the UN SDGs’ and 2015 Paris 
Agreement’s promises.

With Brexit’s messy impact on the  EV sector looming and EV global competitiveness at the heart of the UK Green 
Industrial Revolution Plan, new battery cell technological breakthroughs locally are imminent since sourcing battery 
raw minerals from within the UK or European Union (EU) will be the best way forward for the UK auto manufacturers 
to avoid EU tariffs from January 2024. Accordingly, investments in private battery companies, such as Britishvolt, with 
manufacturing, research and development capabilities are crucial to make the UK sustainable transport and renewable 
energy sector robust, competitive and resilient to meet domestic and global market needs. Also, new EV battery tech-
nological development and 2050 net-zero targets must ensure policies are in concert with solid-state batteries and a 
Gigafactory in the UK by 2023.

In fact, with the UK and EU countries banning fossil fuel vehicles and switching to EVs, the UK cannot become competi-
tive unless it attempts to match companies such as General Motors in the US, seeking to overtake EV giants Tesla with 
a $27 billion investment in the market and battery technology [31]. Chinese companies are also making considerable 
investments in EV start-ups, such as NIO (often referred to as the ’Tesla of China), which are experiencing soaring stock 
prices, improved battery range and swap model, with a more favourable policy environment to thrive [32, 33].
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4  Conclusions and future measures

This paper explored responsible and circular business models useful for achieving equitable EV ownership and driving 
public policy goals towards net-zero emissions and sustainable futures.

As governments globally accelerate the ban and shift to net-zero emission vehicles, public policy measures and 
responsible business models must ensure the following:

(1) ’Leaving no one behind’ by 2030 in the transition to EVs and addressing the myriad of economic, social, health and 
environmental injustices within low-income community households.

(2) A lower ULEV purchase price under innovative business models, e.g., through income taxes and manufacturers tax 
breaks, reduces the amount of upfront liquid assets required from low-income consumers.

(3) Consumers from low-income households and communities do not wait until 2030 to race to buy ULEVs. If ULEVs 
remain unaffordable to so many, then even if petrol/diesel car sales are banned in 2030, millions will still pollute 
the UK’s roads for a decade(s) afterwards.

4) Business models and future work must integrate modularity circular economy designs into EV programs to stimulate 
net-zero emissions and a low-carbon grid.

(5) Accounting for upstream environmental pollution and carbon emissions impact within the EV and cleaner energy 
technologies global value chain, vis-à-vis the geographical unbundling economies’, following the extraction, pro-
duction, manufacturing, use and resource consumption patterns.

(6) New EV battery technological development and 2050 net-zero targets must ensure research and development poli-
cies are in concert with solid-state batteries and the  development of at least a Gigafactory on the UK soil by 2023.

However it’s done, net-zero emission vehicles policy goals must ensure ’no one is left behind’. Authorities and broader 
society have a moral obligation to accelerate EV ownership among low-income households and communities to address 
the socio-economic and environmental injustices of road traffic pollution and prevent thousands of deaths every year. 
Future net-zero emission decision-making and investments, including research, can help address value chain cross-
sectorial nexus impacts and SDGs’ positive-sum outcomes that benefit the people, planet, prosperity and partnership.
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