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This paper compares how the pursuit of self-sufficient Lithium-ion battery production by the 
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unfolding by looking at the electrification of the transport sector. The analysis of this paper uses 
the concept of energy security and the 4 As outlined by the Asia Pacific Energy Research Center 
(2007) to outline the availability, accessibility, affordability, and acceptability of Lithium-ion (Li-
Ion) batteries for each respective actor. This paper aims to compare the dynamics of each geo-
economic player’s EV deployment along these four indicators. Most work in this field assesses 
the battery strategies of these three geo-economic players individually or focuses on EV 
deployment from a purely economics perspective. In contrast, this paper attempts to bridge this 
gap through the framework of energy security to compare how each of the three player’s battery 
strategy connects to broader EV deployment. Adopting this framework allows us to highlight 
how China’s strong industrial policies and generous incentives contrast to the government 
multilateral alliance-building done in the European Union and the overwhelmingly dominant role 
of private actors found in the United States.
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Abstract: 
This paper compares how the pursuit of self-sufficient Lithium-ion battery production by the 
three main geo-economic players (China, the European Union, and the United States) is unfolding 
by looking at the electrification of the transport sector. The analysis of this paper uses the concept 
of energy security and the 4 As outlined by the Asia Pacific Energy Research Center (2007) to 
outline the availability, accessibility, affordability, and acceptability of Lithium-ion (Li-Ion) batteries 
for each respective actor. This paper aims to compare the dynamics of each geo-economic player’s 
EV deployment along these four indicators. Most work in this field assesses the battery strategies 
of these three geo-economic players individually or focuses on EV deployment from a purely 
economics perspective. In contrast, this paper attempts to bridge this gap through the framework 
of energy security to compare how each of the three player’s battery strategy connects to broader 
EV deployment. Adopting this framework allows us to highlight how China’s strong industrial 
policies and generous incentives contrast to the government multilateral alliance-building done 
in the European Union and the overwhelmingly dominant role of private actors found in the 
United States. 
 
This paper is part of a series of working papers comparing the climate and energy policies of 
China, the European Union, and the United States to better understand the geopolitics 
surrounding global decarbonization. 
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1.0. Introduction: 
As the climate crisis continues to worsen, major economies are developing decarbonization 
strategies. While these plans target a suite of technologies, they give special attention to batteries 
because they are key for unlocking deep emission cuts. Not only can they enable deep penetration 
of renewables into the power sector, but they also extend the possibilities of electrification to 
sectors currently dominated by fossil fuels. Transportation is one of these sectors, as it operates 
primarily on oil derivatives for energy. Decarbonizing this sector, especially road transport, will 
almost wholly rely on electric vehicles (EVs) – which will require a lot of batteries. This trend is 
already on the upswing, and EV deployment is accelerating rapidly worldwide. As a result, 
transport appears to be the first place where batteries will be adopted at scale. This paper 
acknowledges this and focuses on analyzing EV deployment as a proxy to identify trends in the 
geopolitical competition over battery technologies. We will focus specifically on Lithium-ion (Li-
ion) batteries because they account for the substantive majority of all batteries used in EV’s. 
 
The overlap between the automotive and battery industries is a natural source of fierce 
geopolitical competition because both are highly strategic. A strong automotive sector is the 
hallmark of national power. It signifies that a given country has an industrial base capable of 
producing high value and complex manufactured goods that are desired globally. It also creates 
domestic jobs, a skilled workforce, considerable economic activity, and spurs investments into 
innovation. The battery industry mirrors many of these aspects, but it is not yet at the scale needed 
to match where the market is headed. However, policymakers realize that if they want to secure 
a decarbonized future, they will need a large volume of high-quality batteries. This realization is 
driving leaders to secure a national competitive edge while shoring their vulnerabilities against 
rivals.  
 
Economics plays a certain role in this logic because batteries are a high-value input, and their 
expected scale, in and beyond EVs, is an enormous economic opportunity. However, questions 
of national security are rising in importance because battery production capacities are not 
dispersed. They remain highly concentrated within a few specific companies clustered 
predominantly in East Asia. Such concentration inadvertently leads to the problems of 
monopolies – or oligopolies – and import dependency. This is particularly problematic for 
countries with strong automotive sectors because the backbone of national manufacturing could 
come to a halt if this input were obstructed. Additionally, batteries also represent the component 
with the highest value-added in each EV, making it the most sought-after input in the EV value 
chain. Leaders are pushing for self-sufficiency in battery production to secure the integrity of 
their own energy transition and domestic automotive sectors to address these concerns. 
 
While many countries are following this path, the three most significant actors will be the People's 
Republic of China (PRC), the European Union (EU), and the United States (US). Geopolitical 



tensions are increasing between them, and each is trying to take leadership over the industrial 
revolution climate policies will bring with it. Beyond this, these three economies represent almost 
half of global emissions and the bulk of GDP. They are also projected to be central to global battery 
production. China is already the dominant actor – having cornered roughly three-quarters of 
global production in 2020 (Moores, 2021). While the EU & the US combined represent just below 
15% of global production, they have set strong policies and are projected to considerably increase 
their production capacities and double their relative global share by 2030 (Ibid). At the same time, 
these economies have strong automotive sectors and huge auto markets that will be the core of 
global EV deployment. Chart 1 shows the IEAs projections for the annual EV battery demand by 
region and scenario between 2020 and 2030. In both the stated policy scenario1 (SPS) and 
sustainable development scenario2 (SDS) these three economies represent most of the projected 
global demand at both time intervals. This reaffirms why focusing on these three economies are 
important for analysis.  
 

 
While previous studies have assessed the self-sufficiency strategies of these geo-economic 
players, they are rarely compared because the aim is usually to identify threats posed by foreign 

                                                 
1 The SPS is a conservative model that projects future outcomes based on concrete policies that are either announced or in place. It 
does not consider that countries will reach their targets. 
2 The SDS is a model that projects future outcomes based on both policies and realized pledges. This model assumes that countries 
will reach their net zero-targets.  



dependence on a specific actor. Moreover, studies of the transport sector tend to focus on broader 
EV deployment through a purely economic perspective – which underappreciates strategic 
implications. To fill this gap, this paper explicitly focuses on comparing each actor while 
attempting to move beyond a solely economic analysis. Based on the conceptual framework for 
energy security outlined3 by the APERC (2007), the paper will assess the four A’s – availability, 
accessibility, affordability, and acceptability – behind batteries through the proxy of EVs. Doing so 
will allow us to compare how the EV market of each actor developed and how they are becoming 
a strategic aspect of national energy security. To this end, our analysis intends to answer the 
research questions of how has each actor used national policies to secure demand and supply for EVs? 
how does the national battery strategy of each actor interact with their efforts to electrify transport? and 
how does this impact their strategic framework on energy security?  
 
To answer these questions, this paper starts in section 2 by overviewing how the conceptual 
framework of energy security connects to batteries and EVs. Section 3 will apply this framework 
to assess each economies self-sufficiency strategy and its interactions with the ongoing 
electrification of transport. Section 4 will compare and discuss the implications of each strategy 
before concluding in section 5. 
 
This work is part of a series of FEEM working papers assessing the geopolitics of the global energy 
transition between China, the European Union, and the United States. Other working papers in 
this series deal with the decarbonization of power sectors based on historical data (Noussan et 
al., 2021), climate and energy governance (Lu et al., 2021), just transition policies for coal 
industries (Zhu et al., 2021), the security of rare earth minerals (Raimondi et al., 2021) and power 
battery security presented in this paper. 
 
2.0. Connecting Energy Security to Batteries and EVs 
The concept of energy security emerged to prominence during the first oil price crisis in 1973. 
While the concept has since moved beyond oil to encompass energy more broadly, the focus on 
securing energy has still become a cornerstone of government policy. At its more fundamental 
level the concept can be defined as the “protection of the entire energy supply chain and infrastructure” 
(Yergin, 2006, p. 78). Yergin emphasises the physical security of an available energy resource 
flowing through a supply chain to become accessible to a consumer. These two A’s outline the 
concepts dimension of security of supply, which can be understood as a departure from the 
consumer perspective,4 wherein the consumer is taking actions or policies to ensure that they 
have access to sufficient energy to meet their needs. If we depart from the producer perspective, 

                                                 
3 This concept was chosen because it can bridge the gap between economics and strategic realities without losing track of the core 
goal of decarbonization. The 4As were utilized because they operationalize this concept in a robust and accessible way. 
4 When considering energy security, it is important to consider the perspectives of energy importers, exporters, and transit states. The 
country’s perspective changes from a security of supply to security of demand or security of transit. 



this becomes security of demand, whereby a given supplier’s available resources are made accessible 
to consumers in a way that rewards the investment. The primary way to achieve security of 
demand or supply is to diversify your energy portfolio5 to avoid total dependence on any specific 
point within the supply chain. There are many ways to achieve this, but generally it can be 
achieved by having multiple energy consumers, suppliers, sources, and routes to call upon 
(Yergin, 2006; Jakstas, 2020; Sovacool et al., 2012).  
 
As the concept further evolved, it adopted the 3rd A – affordability – which focuses on the economic 
rationale of reliably delivering an energy resource at a reasonable cost to consumers and 
producers. The focal point here is the importance of having a well-functioning market that can 
efficiently allocate resources to deliver the most competitive energy sources. Doing so while 
maintaining price stability is essential because price volatility lowers the confidence of both 
consumers and producers. Lack of confidence in energy prices can cause severe economic damage 
because energy consumption is still invariably linked to economic output. Accordingly, if the 
energy price is too high or volatile, then the economy slows down because economic output 
becomes disrupted. 
 
In a more recent turn, the concept has moved towards the 4th A – acceptability. To a certain degree 
this can be considered an energy sources’ social license to operate from those consuming it. An 
example of this is the global push against coal because of its emission intensity. This 
unacceptability has resulted in steps taken to push it out of the energy system. Social licences are 
tricky because they depend on the reference community, and an agreeable source somewhere 
may not be accepted elsewhere. This can give preference to an energy source, even if it is self-
detrimental. Such rhetoric can be seen in the US, where prominent politicians discourage 
renewables because they cost fossil industry jobs and the technology is made overseas (i.e., in 
China). This example directly contradicts the previous example and illustrates that acceptability 
is fundamentally a political dimension that influential political opinions can structure. 
 
By considering the availability, accessibility, affordability, and acceptability (the 4 A’s) of energy 
security we follow the conceptual focal points identified by APERC in their 2007 report (Intharak 
et al., 2007). However, these 4 A’s are by no means exhaustive, and there are certainly different 
ways to approach the concept other than this (see Cherp & Jewell, 2014). Nevertheless, by looking 
at the 4 A’s we have a level of analysis that is easily accessible to policymakers while remaining 
reasonably comprehensive. Even on this level, we can see that the concept of energy security is 
complex and dynamic. The energy concerns of the past have certainly not disappeared, but 
decarbonization and climate change bring new complexities to the fore. We can see how each of 
                                                 
5 Some would argue that energy independence through self-sufficiency is a better way to secure supply than diversification because 
you directly control the resources. However, total independence is virtually impossible for most actors, and at the same time, extreme 
self-sufficiency creates the vulnerability to gaps within your own system. The 2021 winter blackout of the Texas power grid is a good 
example of the problems with this approach. 



the 4 A’s compete with one another and how managing the competition of these policy priorities 
is complex as governments need to consider all four dimensions in conjunction when setting 
national energy policies6. In recognizing this complexity, modern energy security can be 
considered as a set of policies that aim to secure uninterrupted and timely access to the volumes 
and quality of energy needed to sustain growth without relying on suppliers and sources that are 
economically, environmentally, and socially unacceptable to consumers.  
 
Balancing this is tricky across multiple energy sources and sectors because it is hard to prioritize 
one over the other. Difficult trade-offs exist and governments might be forced to favour one 
dimension over another in the short term; however, they should all converge in the long run. 
Under normal circumstances policymakers adjust this according to which fuel input can 
reasonably substitute one another without causing disruptions. However, this is hard for the 
power sector because electricity cannot be substituted in most applications. While other energy 
inputs – like gasoline – are also hard to substitute, power is different because it is both an essential 
good and service. Not only it is consumed as a good for economic output, but it is also used as an 
essential service that enables the necessities of modern life (i.e., lighting & refrigeration). This 
makes power security important because decarbonization will dramatically increase 
electrification. As this occurs. sustaining the power sector will become the most crucial dimension 
of energy security as a disruption could instantly impact the entire economy. This is because all 
the other energy ecosystems currently relying on fossil energy sources – heating, cooking, 
transportation, and portions of industry – are expected to eventually become electrified and 
dependent on a secure power grid. 
 
The growing importance and complexities of clean power systems inadvertently elevate batteries 
and other energy storage technologies into the energy security discussion. To truly decarbonize 
we need widespread deployment of renewables, but renewables depend on supporting 
technologies to make them a secure and flexible resource. The scenarios tested by Coester, Hofkes, 
& Papyrakis (2020) reinforce this, as they found that renewables in Germany had limits to their 
levels of integration without storage. However, they also highlight that government support of 
battery usage could help continue renewable deployment while also ensuring that power 
supplies are not interrupted during the transition. Mountain & Percy’s (2021) report builds on 
these findings to show that batteries’ role in securing Australia’s power grid is rising: In Q4 of 
2020, batteries and demand side response were 38% of the frequency control market in Australia, 
despite being only 0.5% of the power grid’s total generation capacity. Their work also finds that 
the 350 MW battery being developed by Energy Australia will provide over 300% more inertia to 
the power system than what is provided by their 1,480 MW coal plant. Other applications in the 
American military show that renewables with batteries and microgrids could reliably meet 

                                                 
6 This is referred to by the World Energy Council (2021) as the energy trilemma of affordability and access, energy security and 
environmental sustainability. 



critical loads while making facilities considerably more resilient to extreme supply disruptions 
(NREL, 2021). In larger-scale applications, the flexibility of batteries also allows off peak 
production to be stored and used during peak demand. The smoother load curve helps improve 
security by reducing the stress power systems experience from rapid fluctuations in production 
and demand.  
 
Azzuni & Breyer (2018) take a more comprehensive approach explicitly connecting batteries and 
other energy storage systems to energy security. Their work finds that all storage technologies 
improve energy security but that some – like batteries – had particularly strong positive 
relationships with energy security. They highlight batteries as incredibly flexible technologies 
that can be widely deployed across various applications with relative ease. At the same time, the 
technologies themselves are durable and constantly improving on both cost and quality. The 
cumulation of this translates into a highly secure technology because it is available, accessible, 
and increasingly affordable. Interestingly, these authors also flag batteries as politically 
acceptable because domestic battery production results in local manufacturing jobs.  
 
The NAATBatt International (2021) expand this, emphasizing that domestic production of 
batteries is the primary medium to resolve energy securities concerns with the security of battery 
supplies7. Pursuing self-sufficiency for such advanced technology as batteries is complex though. 
It requires a robust industrial base capable of highly advanced manufacturing and a deep 
financial commitment to bring production to scale while advancing expensive cutting-edge 
research. These requirements are similar to the prerequisites of a strong automotive industry, and 
this overlap creates an opportunity. Whereby countries with strong auto sectors can leverage their 
existing industrial apparatus to bring cutting-edge technology to scale while also decarbonizing 
and reducing dependence on oil in the transport sector. The combination these aspects is one of 
the reasons why EVs are where batteries will see their first wide scale deployment. Nevertheless, 
this has induced a conversation about dependence on batteries for manufacturing and security of 
energy transitions. This paper explores this linkage and uses the policies supporting the 
deployment of EVs as a proxy to identify trends of how strong domestic battery industries are 
becoming an important dimension of energy security. This paper discusses EVs as a category 
encompassing battery electric vehicles (BEVs) and plug-in hybrid electric vehicles (PHEVs). In 
certain instances, differences will be noted – but in general policies supporting BEVs also support 
PHEVs, albeit often to a lesser extent. Additionally, while fuel cell electric vehicles (FCVs) and 
other zero-emitting vehicles (ZEVs) are a part of this conversation, they are currently a much 
smaller part of the picture in decarbonizing transportation and not considered here. 
 
                                                 
7 To an extent, this is true; however, when considering battery manufacturing it is imperative to consider the materials composing 
the batteries. Most batteries require substantial volumes of critical minerals with geopolitically charged supply chains. While this 
issue is important for battery security, we address securing access to critical minerals in more detail in another working paper of this 
series (see Raimondi et al., 2021).  



3.0. The Role of Batteries in Decarbonizing & Self-Sufficiency 
3.1. The People’s Republic of China 
3.1.1. China’s Traditional approach to energy security  
Since the Sino-Soviet split induced severe energy shortages in China in the 1960s, Chinese energy 
security has been ideologically framed through the Maoist doctrine of development through self-

reliance (自力更生) (Downs, 2000). Although this does not disbar cooperation with foreign actors, 

it does imply that retaining complete decision-making power over the national energy system is 
an ideological imperative for the central government. However, this has been a logistical 
challenge because China’s energy consumption for every input has grown so rapidly. From 1980 
to 2019, total energy consumption increased by 770%, with coal rising by 677%; oil by 701%; 
natural gas by 2143%; and power by 2599% (EIA, 2021a). Even though China has a substantial 
wealth of domestic energy resources, it could not scale production to match consumption growth. 
The result has made self-sufficiency virtually impossible without relying on imports. While 
import dependence can be manageable, China relied on imports for 72.5% of its oil and 40.6% of 
its natural gas consumption in 2019 (IEA, 2020).  
 
In conjunction with the energy-intensive nature of the Chinese economy, these high values are 
why Beijing focuses on the supply-side of energy security. This indicates that the Chinese 
government’s core concern is guaranteeing that their country has unfettered access to sufficient 
volumes of the energy resources needed to continue developing their economy and society. There 
are two significant threats to this, one external and one internal. The external dimension is the 
threat of a major supply disruption on imports. Beijing has been proactively addressing this by 
diversifying supply routes through neighbouring countries, increasing strategic reserves, and 
nationalizing major parts of the import supply chain. Despite this, China remains inescapably 
vulnerable to unlikely extremes – such as an American naval blockade (Tata, 2017) or heavy 
sanctions (Meidan, 2019). The internal dimension of managing the domestic energy system is 
arguably the more practical concern because while external disruptions have severe 
repercussions, they are infrequent, whereas internal disruptions from policy mismanagement 
occurs regularly. 
 
Certain dimensions of the power crisis China experienced in the fall of 2021 was a primary 
example of this8. Other examples can be seen in the redundancy of gas transmission 
infrastructure9, or the large-scale curtailment of renewable generation10. Beijing has taken steps 

                                                 
8 In the fall of 2021, multiple regions of the Chinese mainland experienced prolonged periods of power disruptions. While many 
factors contributed to the shortfalls, a significant driver was the central government’s usage of indexed power prices that could not 
account for rising coal prices. As coal prices climbed power plants were obliged to sell electricity for less than the cost of producing 
it. Many plants rejected this choice, instead choosing to shut down operations. This policy failure resulted in severe power shortages. 
9 During the rapid buildout of natural gas infrastructure in China, several major state-owned enterprises built long string pipelines 
adjacent to one another. They essentially did this to sell to customers across the country while avoiding sharing pipelines. 
10 In the mid 2010s, China was deploying renewables so rapidly that the grid could not integrate the generated power. 



over the past several Five-Year Plans to rationalize the national energy system (see Constantin, 
2005 and Stanley Foundation 2006). While this entailed many targets, the macro trend was to 
make the energy system more efficient. Part of this was to make consumption more economically 
valuable by moving energy usage away from low-value energy-intensive industries to sectors 
where energy consumption adds substantive value. Other aspects were related to reforming the 
business models of national grid companies by introducing new pricing tools (Fishman, 2021) 
and heavily reducing overcapacity in the coal fleet (see Zhu et al. (2021) in this working paper 
series for more insight). 
 
3.1.2. The role of batteries in decarbonization and self-sufficiency strategy 
While China is currently the world’s largest producer of greenhouse gases, its transportation 
sector accounts for a modest portion of this. In 2016, transport was responsible for 843.5 Mt or 
about 7.2% of the cumulative 11.62 Bn t CO2e emitted by the PRC that year (Ritchie & Roser, 2020). 
Nevertheless, these emissions have grown by over 800% from 1990-2016 (Ibid). The increasing 
mobility for China made it the world’s largest car market in 2009 (Naidu-Ghelani, 2013), and by 
2020 Chinese consumers bought 20.18 million light duty vehicles (LDVs) – roughly 37.6% of 
global car sales (OICA, 2021). These figures are only expected to grow because China is a 
developing economy still connecting hundreds of millions of people in rural areas to quality 
transport. In other words, China’s transport emissions will continue growing, which is a 
challenge if China intends to peak emissions before 2030 and cut them afterwards - unless there 
is a strong focus on electromobility.  
 
Battery powered vehicles are central to this and to the dual carbon goals – of peaking emissions 
before 2030 and becoming carbon neutral before 2060 – announced by President Xi Jinping at the 
2020 United Nations General Assembly. Not only can they help sustain societal development, but 
they can also curb transport emission growth and reduce local air pollution within major cities11 
because new energy vehicles (NEVs) produce no tailpipe emissions. The Chinese government 
uses the term NEV as a broad term to collectively account for BEVs, PHEVs and fuel FCVs. The 

Chinese recognize the value of NEVs12, and the Made in China 2025 (中国制造 2025) strategy 

attaches significant value to a strong battery industry as the basis for a strong NEV sector. An 
interpretation of this strategy from the Ministry of Industry and Information Technology (MIIT) 
outlines how an automobile industry built around NEVs is the only way China can become a 
powerful automobile manufacturing country (MIIT, 2016). 
 
These documents highlight how the age of the internal combustion engine (ICE) was dominated 
by American, European, and Japanese firms which used their technical prowess to export vehicles 
                                                 
11 The introduction of NEVs within Chinese cities has been shown to deliver considerable improvements to local air quality if done 
at scale. This can yield considerable benefits to local public health and economic activity (Ma, Madaniyazi & Xie, 2021). 
12 In the context of this paper, BEVs and PHEVs are the focal point when referring to Chinas NEV policies.  



globally. The MIIT (2016) sees the auto industry as a ‘strategically competitive industry’ and notes 
that, while the Chinese industry is large it is not strong enough to compete globally in the ICE 
market with its established counterparts. Hence, NEV’s become attractive. It is a future 
technology that in the 2010s was being ignored by all major competitors, and if China moves 
early, it can secure a technological lead. This will allow the Chinese auto sector to outcompete 
foreign vehicles domestically and even give it the competitive edge to export high value-added 
batteries and EVs to advanced economies. This is particularly important because China will 
continue to be the world’s largest auto market well into the future, and reducing imports here 
pushes high-value purchases from Chinese consumers to domestic suppliers. Likewise, by 
increasing EV’s in transport, Chinese leaders can also indirectly substitute oil imports consumed 
by ICEs with domestically produced power and simultaneously tackle air pollution (Hove, 2017).  
 
3.1.3. Availability & Accessibility of EVs in China 
To successfully build out the battery and EV industry, China needs to create a market with a 
secured demand and secured supply. The first major attempt to secure demand was to leverage 
the substantial volume of Chinese government procurement. This was launched in January 2009 

through the Ten Cities, Thousand Vehicles pilot program (十城千辆工程) that subsidized the use of 

EV’s for public procurements13 in ten major cities (Xinhua News Agency, 2009). This included 
taxis, buses, and other public services vehicles. Two months after this pilot started, the State 

Council (GOSC, 2009) released the Plan on Adjusting and Revitalizing the Auto Industry (汽辆辆辆

辆整和振兴辆划) that set the target of reaching 500,000 EV sales by 2011. While this pilot 

eventually extended subsidies to private purchases in a few cities, the policy focus and most sales 
remained through public procurement (Hao, Ou, Du, Wang & Ouyang, 2014). By 2012 this policy 
had only achieved 38% of the targets (Ou et al., 2017). It can be expected that the initial exclusion 
of private purchases was likely a key driver behind this.  
 

The Energy Saving and New Energy Vehicle Industry Planning 2012-2020 (辆能与新能源汽辆辆辆辆

展辆划) issued by the State Council in 2012 addressed this. It pushed the half-million target to 

2015 and set a longer-term target of 5 million by 2020 (GOSC, 2012). While other policies of the 
same era extended a new wave of subsidies and tax extensions to public and private purchases 
of EVs across the country – which flooded private capital into the sector (Ou et al., 2017). Despite 
the inclusion of private purchase subsidies, top-down public procurement requirements 
remained the core of securing demand for EV’s in China (Howell, Lee & Heal, 2014; Pelkonen, 
2018). In 2014 the Chinese central government and many sub-national authorities required their 
annual procurement to be at least 30% electric by 2016 (Ge, 2018). In 2016 this target was raised 

                                                 
13 In 2010, part of these subsidies were extended to private purchases, but the focus remained on public procurement (Ou, Lin, Wu, 
Zheng, Lyu, Przesmitzki & He, 2017). 



to 50% by 2021 with an order issued by the central government (Lu, 2018; SIPA CGEP, 2020). 
These policies were further supported by additional national and sub-national policies14. While 
this paper focuses on LDV EV’s, it is difficult to access data reflecting their share in Chinese public 
fleets. Accordingly, the electric bus fleet in China functions as an alternative benchmark to 
illustrate this policies progress because this fleet is almost exclusively public, and these numbers 
are easily accessible. Buses had been eligible for subsidies since 2009, and by 2019 there were 
421,000 electric buses in the PRC. This represented 17% of all buses within China and 99% of the 
global electric bus fleet15 (Eckhouse, 2019). Shenzen, a city in southern China and home to BYD, 
is also the first city in the world to fully run-on electric buses (Keegan, 2018; Ralston, 2020). 
 
Adjacent to efforts securing demand, China also issued extensive policies to structure a secure 
EV supply. Throughout the mid-2010s, the central government issued a wave of industry 
standards, guidelines, manufacturing tax breaks, and other incentives to send clear market 
signals to the private sector. This was followed up with more explicit regulations targeting ICE’s. 
There was a succession of new vehicle emission standards clamping down specifically on diesel 
vehicles – which are currently some of the most stringent in the world (see Yang, He, Shao, Cui 
& Mao, 2021). Simultaneously the National Development and Reform Commission (NDRC) 
released new regulations in 2018 indicating that newly added manufacturing capacity for ICEs 
would be strictly controlled and that any new additions required EV productive capacity. This 
was strengthened with a mandate requiring manufacturers to produce a certain share of NEVs 
(Stauffer, 2020). The mandate began in 2019 and required 10% NEV production (ICCT, 2018). The 
targets climbed annually and will reach 25% by 2025 and 40% by 2030. This is roughly in line with 
the IEA’s SDS projections that show China reaching 43% EV sales by 2030 (IEA, 2021). However, 
this target could also climb higher as China is one of the few major economies that have 
announced an ICE ban entering force in 2035 (Fleming, 2020). 
 
The Chinese government also set an industrial policy to drive research and rapidly scale 
innovation based within China. Since the mid-2000’s, it has invested multiple billions into 
hundreds of R&D projects, dozens of NEV platforms, the establishment of several national labs, 
and several thousand patent applications on EV related applications (Pelkonen, 2018). It is hard 
to quantify what this looks like, but two national champions are a good representation of the 
outcomes. Both BYD and CATL are among the seven16 global battery producers categorized as 
Tier 1 by Benchmark Mineral Intelligence (2021). This means that these companies can provide 
high volumes of high-quality batteries to specific qualifications for multinational OEMs. For 

                                                 
14 The central government has a history of curtailing the issuance of license plates to ICE models to control local air pollutants. In 
2019 the NDRC stopped local governments from restricting similar controls for licences plates for EV’s (Lambert, 2019). 
15 In contrast, the EU had 2,250 electric buses while the US had 300 (Eckhouse, 2019). 
16 As of May 2021, the seven companies considered to be Tier 1 by Benchmark Mineral Intelligence are BYD, CATL, Envision AESC, 
LG Energy Solution, Panasonic, Samsung, and SK Innovation. Two of these companies are based in China, three in South Korea, and 
two in Japan. 



example, the two of them together produce 95% of the global supply of lithium iron phosphate 
batteries (Lu, 2021). CATL was founded explicitly for manufacturing advanced battery 
technologies in 2011, and by January to August 2020 they were supplying 25.8% of the global 
battery market (Palandrani, 2020). They are also lead on innovation and have announced plans 
to deliver a “million-mile” battery for cheaper than $100 kWh by the end of 2021 (Bloomberg, 
2020). In contrast, BYD is both a battery and an EV manufacturer. On the battery end, they held 
6.2% of the global EV battery market share from January to August 2020 (Ibid) and roughly 6% 
of global EV production in 2020 (Kane, 2021a). Before explosive growth in European EV sales in 
2020 BYD held roughly 10% of the global share (Kane, 2020).  
 
These figures only reflect two companies, though, while there are multiple very successful battery 
ventures within China17. The cumulation placed 363 GWh of battery production capacity – or 
72.5% of global capacity in 2020 – within Mainland China (Moores, 2021). This dominance is not 
projected to wane soon either. China is currently building a battery gigafactory roughly every 
week and is projected to retain 66.9% of global Li-ion production – or 2013.5 GWh of production 
capacity – by 2030 (Ibid). This dominance mirrors China’s position in the global supply chains for 
critical minerals – which includes lithium and other materials used in Li-ion batteries. While 
dominance over critical minerals is relevant to the discussion of batteries, it is discussed in more 
detail elsewhere in this series (see Raimondi et al., 2021). Regardless, the cumulation of these 
policies has ensured that EV’s and the batteries powering them have supply and demand that are 
both available and accessible.   
 
3.1.4. Affordability & Acceptability of EV’s in China 
The road to making EV’s affordable in China has been a long process driven almost exclusively 
by government policies. Although the first policy to address the costs of private ownership were 
extended to five cities18 through the Ten Cities, Thousand Vehicles program in 2010 their impact 
was relatively minimal. This changed in 2013 when generous private purchase subsidies were 
expanded across the country. The calculations were different based on vehicle type, range, and 
overall cost, but, in general, BEV’s with ranges over 250 Km were preferred and eligible for up to 
¥ 60,000 (8000-8500€) in support. From 2013-2015 the support declined annually by about 5% of 
the initial value. The central government also required that the subsidy not cover over 60% of the 
total cost of the vehicle. Chart 2 from Ou et al. (2017) illustrates how this did not occur because 
there was more than just the central government’s support. As the chart shows, when generous 
local and regional subsidies were also applied consumers could receive well over ¥ 100,000 
(13,800-14,000€) in support ¥ 128,000 (17,800€) in the highest case. Their assessment across the 
best-selling BEVs found that consumers received on average a 51.5% discount of the total MSRP 

                                                 
17 This includes Hefei Guoxuan, Tianjin Lishen Battery, AVIC Lithium Battery, Shenzen Desai Battery, and Shenzen Waterma Battery 
(Grepow, 2020). 
18 The five cities were Changchun, Hangzhou, Hefei, Shanghai, and Shenzen. 



in 2015 – with the maximum being 68.6% coverage on the Geely Zhidou base model. However, 
the case was a bit different for PHEV models that saw a substantially lower – but still generous – 
range of subsidies.  



 
 
Despite this substantial support, other policies included: tax reductions, rebates, or exemptions 
for purchasing EV’s (STA, 2012); the waiving or reduction of licensing and registration fees; 
rebates for home charging stations, and others (Ou et al., 2017). The cumulation of these often-
overlapping policies rapidly brought down the cost of EV ownership extremely low. This was 
then leveraged against the scale of Chinas internal market to spur enormous demand for cheap, 
mass-produced EVs. Chinese businesses responded and rapidly scaled up a domestic EV supply 
chain. Their core business model was to deliver massive volumes of affordable EVs that were 
small enough to navigate through China’s densely populated urban areas. Chinese entrepreneurs 
focused their research and development in this area and produced remarkable results. The 
average cost of EVs in China declined from 41,800€ in 2011 to 22,100€ in 2021 – otherwise a 47% 
decline in cost (JATO Dynamics, 2021). The price of 22,100€ was even 1,700€ lower than the 
average cost of ICE models sold in China for the same year (Ibid). This price decline has been 
seen across virtually all models; however, the smaller city cars are exceptionally inexpensive and 
popular. These models made up 40% of Chinese EV sales from January to May 2021, and they 
had an average price of 6,700€ – with the cheapest model available being roughly 3,700€ (Ibid). 
The average cost range and a new baseline model below 4,000€ is an anomaly unique to China, 



and their rate of uptake reaffirms the success of Chinese innovation in delivering cost reduction. 
 
Regardless of this price decline, Chinese consumers remain sensitive to pricing, and they prefer 
a cheaper subsidized model over a higher quality one with less support (Ou et al., 2017). This is 
reflected in sales data showing that 91% of EV’s sold in China in 2018 cost below 40,000€19 (Statista 
Research Department, 2020). The sensitivity to cost was also seen in late 2019 when EV sales in 
China declined for five consecutive months after the remaining EV subsidies were cut in half 
(Soat, 2019). This decline was further hit by Covid lockdowns that more than halved EV sales in 
January and February 2020 (Barrett, 2021). The resulting shock pushed Beijing to extend its 
subsidies – albeit at a further reduced rate – until 2022.  
 
Prior to this shock, China was the largest EV market in terms of unit sales for over five consecutive 
years, and in 2020 China’s EV sales reached 1.337 million EV’s – of which 1.272 million were LDVs 
– and reached an EV stock of 4.5 million LDVs (IEA, 2021; Transport & Environment, 2021). While 
the covid crisis has dampened growth, sales still grew by 8% from 2019 and represented 6.3% of 
the total LDV sales in China for in 2020 (Kane, 2021b). This growth has continued to rebound in 
2021, with EV sales representing 20% of total LDV sales in China – reaching close to 2 million by 
September20 (Kane, 2021c). At this rate, Chinese EV sales might reach 3.0 million in 2021 – which 
would represent half of annual global sales (Ibid). This occurs even as the subsidies are being 
further reduced, which illustrates that EV’s are becoming increasingly affordable and acceptable 
without government support. 
 
However, an interesting caveat of the subsidy extension was a price cap of ¥ 300,000 (+/- 40,000€) 
(Randall, 2020). This cap reflects the 2018 sales data and identifies that the cap is intended to 
support wider uptake. Yet, it also favours domestically sourced EVs that are often considerably 
cheaper than imported foreign vehicles. As Ou et al. (2017) found, domestic producers dominated 
the low-end segment of the Chinese EV market – whereas foreign firms dominated high-end 
sales. With this cap in place, foreign automakers will be hard-pressed to cut costs without 
relocating or sourcing major EV production to China21. This is what happened in 2019 when Tesla 
opened a gigafactory in Shanghai. Pressed with the obligation of lowering unit prices while 
keeping the ranges high, Tesla partnered with CATL to source domestically produced lithium 
iron phosphate batteries for its Shanghai made Model 3s (Randall, 2020). This preference was 
made over the traditional LG Chem batteries found in units produced in within the US, and the 
cost reduction eventually led Tesla to announce that it would use CATL batteries for all its 

                                                 
19 Inclusive of 24% of EV sales that were below 20,000€ and the 67% of EV sales that were between 20,000-40,000€.  
20 September 2021 was an exceptional month, with some 355,000 new EVs registered. The year over year growth rate at this point 
exceeds 170% (Kane, 2021c). 
21 While this paper does not address this issue, it remains a geopolitically charged subject – especially regarding the forced transfer 
of technology and intellectual property. 



standard Model 3 and Model Ys (Randall, 2020; Lu, 2021). 
 
The notion that Chinese EV producers operate in the low-end market contrasts with Tesla setting 
up in China to produce globally exported models with CATL batteries over LG Chem cells. 
However, this juxtaposition highlights a crucial part in the next era of Chinese EV strategy – the 
global promotion of Chinese brands becoming synonymous with quality. The New Energy 

Automobile Industry Development Plan for 2021-2035 (新能源汽车 车 车 车 展车 划) (State Council, 

2020) mentions this, while the Made in China 2025 is almost entirely based on this – albeit for more 
than just EVs. It is a significant step in global acceptability that a world-leading firm like Tesla 
legitimates the quality of a Chinese produced battery through its global exports because it shows 
that they meet, or exceed, global competition. 
 
This confirmation coincides with the new NEV plan that shows China building stringent 
supervision structures to enforce robust quality controls and standards on all domestically built 
EVs through 2035. If China can succeed at improving standards and quality oversight, it can then 
be leveraged to the international objectives in their plan, which is to integrate Chinese standards 
as a core element of international rules on EVs. Adjacent to improving standards, Chinas new 
plan also heavily emphasizes innovation through a series of technology breakthroughs in 
automation, battery recycling, cost reductions, and vehicle to grid integration (Ibid). The 
conjunction of leadership on quality standards, international rules, and innovation would be the 
platform allowing China to achieve its goal of becoming a powerful automotive country22. 
 
3.2 The European Union 
3.2.1. The European Union’s traditional approach to energy security 
Europe has a decade long history of relying heavily on energy imports. It was one of the first 
areas to industrialize and has sustained high energy demand for well over a century. Yet, despite 
abundant coal on the continent, most countries have very little or no domestic oil or gas 
production. Relying heavily on imports was shown to be a vulnerability during the first oil price 
shock in 1973 when Middle Eastern suppliers embargoed oil exports to American allies who 
supported Israel (Office of the Historian, n.d.). The resulting price spike set the tone for Western 
Europe to adopt a security of supply mindset that translated into support for energy conservation 
and the diversification of energy portfolios. Decades of this implicit mentality are visible in the 
EU’s success with renewables, their substantial nuclear fleet, and the relatively low energy 
consumption per capita compared to North America. 
 

                                                 
22 The first sentence of China’s NEV plan for 2021-2035 highlights that the development of NEVs is the core means for China to move 
from being a large-scale automotive country to a powerful one (辆展新能源汽辆是我国从汽辆大国迈向汽辆强国的必由之路) (State 
Council, 2020). 



While this mentality gradually receded after the Cold War, recent security of supply concerns has 
revitalized its urgency. Russia’s gas supply interruptions through Ukraine in the 2000s and the 
2014 annexation of Crimea are considered particularly problematic. The gas interruptions of 
January 2006 and again in January 2009 impacted some smaller Eastern/Central EU Member 
States that were up to 100% reliant on Russia for gas imports. This pushed the EU to build a 
collective Energy Security Strategy (COM/2014/330) that ultimately led the European 
Commission (EC) to launch the Energy Union Strategy. This strategy aims to create an integrated 
and interconnected energy market that will reduce energy security threats by spreading 
vulnerabilities across the entire bloc. 
 
As a macro unit, the EU had an import dependency of 61% in 2019, which is five points higher 
than the 2000 figure (Eurostat, n.d.). This average is high, but it hides the Member States over 90% 
dependent and others that are almost energy independent23. However, it must be noted that the 
energy dependency indicator that measures imports over demand, though widely used, is not an 
adequate indicator for security of supply. Energy security of supply can be easily fortified 
through diversification and other resilience mechanisms. The EU energy union aims to address 
security of supply by increasing resilience to energy security and by reducing collective 
vulnerability to imports. This requires a functioning internal market that can leverage solidarity 
between Member States. 
 
There is consensus that deep decarbonization is an ideal pathway to address both security of 
supply issues and fighting against climate change. High renewable deployment and energy 
efficiency gains ultimately eliminate most energy imports. However, the high penetration of non-
dispatchable renewables creates other internal security of supply issues. These can be largely 
eliminated thanks to the development and availability of large-scale electricity storage. Batteries 
play an essential role in this. While decarbonization does thus have environmental components 
involved in this outlook, a significant motivator is also about securing an industrial competitive 
edge and energy supplies that are viable in the long term. 
 
3.2.2. The role of batteries in decarbonizing the European Union and its self-sufficiency strategy 
to access batteries 
The EU was a first mover on decarbonization, and their early policies delivered significant 
emissions cuts from the power sector. However, a 55% emission reduction from 1990 levels by 
2030 (as set out in the 2021 “Fit-for-55” package proposed by the EC) represents a new challenge 
and needs to be addressed by all energy sectors. Large scale batteries can help the EU unlock deep 
emission cuts – especially in transportation, a sector that remains problematic for the bloc. In 2019, 
it was the second-largest source of EU emissions representing roughly 835 Mt CO2e or 21.5% of 

                                                 
23 In 2019, Member States such as Malta, Luxembourg, and Cyprus imported over 90% of all their energy resources, whereas Estonia 
imported less than 5% (Eurostat, n.d.). 



the total (EEA, 2021). While this dropped to third place in 2020 because transport saw 12.7% 
emissions cut from COVID closures, this downturn will recover. This is because petroleum 
products remain the dominant fuel for transport, despite boosting the sector’s share of renewable 
energy from 2% in 2005 to 10% by 2020 through the Renewable Energy Directive (Directive 
2009/28). 
 
Nevertheless, transport emissions need to be curbed because it is the only sector in the EU that 
has continued emission growth. Since 1990, transportation has grown by 24%, from 672 MtCO2e 
in 1990 to 835 MtCO2e in 2019, while most other sectors have declined (Eurostat, 2021). 
Accordingly, it is evident why battery-powered vehicles are central to decarbonizing transport, 
as the EU needs to reverse this upward trend before reducing emissions. 
 
For the past few years, the EU has taken steps to build a path towards self-sufficiency in this 
domain. In the late 2010s, the Juncker Commission realized how import-dependent the EU was 
on key components for EVs. In response, the Commission began shaping an EU’s industrial policy 
to reduce the blocs' import dependence on Li-ion batteries while securing the competitive edge 
in manufacturing. The Von der Leyen Commission has since carried this forward with a new 
wave of EU-level actions and initiatives. The combination of these efforts forms a solid push to 
build European self-sufficiency over battery production and EV manufacturing. 
 
3.2.3. Availability & Accessibility of EVs in the European Union 
Early on the EU recognized that public procurement could be a strong means to secure demand 
for clean vehicles. The two primary tools structuring this are the Green Public Procurement (GPP) 
standards and the Clean Vehicle Directive (CVD). EU-wide GPPs were first issued in 2008 (see 
COM/2008/0400), and the guidelines on transport have been repeatedly revised, most recently 
in October 2021 (Quintero & Garrido, 2021). These guidelines outline how several categories of 
procured services and vehicles can qualify, and they remain voluntary. In contrast, the CVD is 
obligatory for the Member States to follow. The CVD was first enacted in 2009 and revised in 
2019. The initial directive set the framework for procurements to consider the lifetime 
environmental impacts of contracts. The updated CVD tightened this and introduced binding 
minimum procurement targets for clean LDV’s, buses, and trucks from 2021-2030 (Directive 
2019/1161). To qualify as a clean LDV requires an average of 50 gCO2/km between 2021-2025 and 
after 2026 this lowers to 0 gCO2/km. The targets range between 17.6-38.5% for LDVs, but the 
majority of the bloc uses the target of a 38.5% reduction from 2020 levels by 2030. While it is 
difficult to find data representing the effectiveness of these policies,24 the combination of 
mandatory floors and robust guidelines create a high level of certainty in EV procurement for 
Member State governments and private actors. 

                                                 
24 One study found that by 2012 55% of public procurement in the EU was using the CPP standards for transport (Renda et al., 2012). 



 
The EU has created more demand for EVs by structuring emission regulations that place 
downward pressure on ICEs. As early as 2009, the EU set mandatory emission standards-setting 
130 gCO2/km as a combined fleet average for all vehicles sold in Europe by 2015 (Regulation 
443/2009). This was followed up by a new agreement from 2019 that lowered the standards to 95 
gCO2/km for new passenger cars starting in 2020 (Regulation 2019/631). This measure forces 
automakers to either continue improving the efficiency of ICE models or to sell more non-
emitting models (it is important to remember that these figures refer to tailpipe emissions only 
so that EVs have no emissions). Improving efficiency was viable with the first round, as 
automakers reduced the average by almost 22 gCO2/km from 2010 to 2016 (EEA, 2020). However, 
this reversed after 2017, and emissions rose back to 122.4 gCO2/km in late 2019 (Ibid). This is partly 
from automakers plateauing with efficiency improvements, while another key driver is higher 
SUV sales. Either way, the high fleet average has obliged automakers to sell more EVs to comply 
with targets. So far, this has been incredibly effective, as European EV sales skyrocketed after the 
new emission standards came into force in 2020 (Wappelhorst, Hall, Nicholas & Lutsey, 2020). 
 
The pressure through emission regulations will continue to increase. These targets are scheduled 
for a further reduction from 2021 levels of 15% in 2025 and a 37.5% reduction after 2030 (EC, 
2021a)25. They were also included in the updated nationally determined contributions (NDCs) 
submitted to the UNFCCC on behalf of the EU (EU2020, 2020). The updated NDC indicates that 
they are open targets – which means that they are subject to a mandated review in 2022, where 
they can be revised upwards. A recent proposal from the EC is considering raising the 2030 target 
from 37.5% to 55% and adding a 100% reduction target by 2035 (Carey & Steitz, 2021). While a 
100% reduction is not explicitly an ICE ban, it functions like one. Nevertheless, this provision 
remains to be negotiated between the Member States. However, eight of them already have ICE 
ban dates ranging from 2030-2040, while many others have similar proposals circulating. Several 
municipalities across the EU have adopted local bans targeting diesel vehicles (see Bernard, Hall 
& Lutsey, 2021). The signals being communicated by European legislators is quite clear that these 
rules will continuously tighten and that automakers will need to offer EVs if they want to 
continue supplying vehicles to European markets. 
 
Consistent and clear market signals working in conjunction with multiple policy levers give the 
EU both the security of supply and demand of EVs going forward. The EU appears to be well on 
track to reach the EC’s target of 30 million ZEV’s operating within the EU by 2030 (EC, 2021b). 
The IEA (2021d) projects that such targets will keep Europe as either the biggest – or behind China 
as the second biggest – EV market in the world through 2030. With annual EV sales reaching 7.1 

                                                 
25 This legislation also rewards the early movers with a super-credit system for low emission vehicles produced between 2020-2022. 
Additionally, it also makes provisions to relax the specific emission targets of manufacturers that produce more than 15% low 
emission vehicles between 2025-2030 and 35% from 2030 onwards (EC, 2021a). 



million under the SPS or 13.3 million in the SDS. The problem with this level of penetration is that 
the EU has historically been one of the weakest producers for Li-ion batteries. In 2018, the entire 
bloc accounted for less than 3% of global production (Tsiropoulos, Tarvydas & Lebedeva, 2018), 
making them almost entirely reliant on imports for EVs sold within the EU. This is a major 
concern for European policymakers who do not want to replicate Germany’s experiences with 
the solar industry26 or to trade gas for battery import dependency. Brussels would rather use 
decarbonization incentives to build a green industrial base within Europe – so that they have the 
strategical autonomy to control their energy transition without facing obstruction from external 
forces or building in a deeper import dependence for such a valuable good as batteries. 
 
To address this gap, the EU has taken steps to spur a blocwide industrial policy to coordinate 
what they consider to be a strategically vital sector. In October 2017, the EC (2021d) launched the 
European Battery Alliance (EBA) and released a Strategic Action Plan on Batteries in May 2018 
(COM/2018/293). The former serves as an industrial platform that centralizes stakeholders27 
across the entire European battery value chain to coordinate their efforts in developing an 
innovative, competitive, and sustainable battery supply chain that can meet the EU’s future 
demand (EC, 2021c). In contrast, the strategic action plan sets a guiding framework with six 
targets28 and the regulatory and non-regulatory measures the EU will take to reach them. The 
end goal of both is to centralize the blocs’ individual efforts into a collective “cross-border and 
integrated European approach covering the whole value chain of the batteries ecosystem” (original 
emphasis in COM/2018/293, p. 1).  
 
A key midterm goal guiding this is to have at least 15 gigafactories operating within Europe 
capable of supplying 360 GWh of batteries to 6 million EVs by 2025 (EC, 2021d). Thus far, the 
EU’s efforts have increased the continent’s share to roughly 5.4% of global capacity, or roughly 
27 GWh of the 500 GWh, in 2020 (Moores, 2021). This upward trend will continue through to 2030 
as waves of new factory announcements29 continue to come forward. As of February 2021, 
Benchmark Mineral Intelligence (as cited in Moores, 2021) projected that Europe’s share of global 
production capacity could climb to 16.7% – over 500 GWh by 2030. Although others offer different 

                                                 
26 Throughout the 2010s, the German government established an industrial strategy that subsidized broad solar deployment as an 
attempt to build out German solar panel production. The policy helped increase deployment, but German solar production failed 
because Chinese producers were heavily subsidized. This resulted in German subsidies helping deploy subsidized solar panels 
produced in China. 
27 The EBA connects EU national authorities, regional governments, industrial actors, and researcher centers active in the battery 
supply chain. 
28 The six targets include: securing access to raw materials for batteries; supporting investments into European battery cell 
manufacturing; strengthening industrial leadership through accelerated R&D; building out a skilled workforce across the value chain; 
supporting a sustainable EU battery cell industry; ensuring consistency with other strategic frameworks (COM/2018/293).  
29 By April 2021, there were well over 700 GWh of capacity in announced projects, although not all of them will continue through to 
development (Jacobs, 2021). 



projections,30 it can be generally expected that the investments being made so far will make 
Europe almost self-sufficient and the second largest battery producer (behind China) by 2025 (EC, 
2021e). The EBA has already attracted well over 400 actors to invest 100€ billion (EC, 2021d) into 
70 industrial projects across the entire European battery supply chain, and much of this has been 
de-risked by the European Investment Bank (EC, 2021e). 
 
Nevertheless, it is not the EU’s goal to supplant China as the dominant producer or become just 
self-sufficient. The real long-term aim is to establish industrial leadership over the sustainable 
and circular corner of the battery market. This will be done by improving clean innovation within 
the battery value chain and implementing environmental and ethical standards along the way. 
The EBA has played a central role in coordinating blocwide investments into the former. 
Although there are many mechanisms for funding,31 the two Important Project of Common European 
Interest that the EC approved in 2019 & 2021 are good examples of blocwide cross-sectoral 
coordination. These petitions were launched by 12 Member States, and they provide 6.1€ billion 
in grants to projects throughout the battery value chain. The money granted is expected to 
leverage an additional 16€ billion in private capital (EC, 2019; EC, 2021f).  
 
Adjacent to this, the EU is also pushing innovative regulations on circular batteries. On December 
10th, 2020, the EC proposed a revision (COM/2020/798) to the European Batteries Directive 
(European Parliament, 2021). The proposal aims to regulate unsustainable aspects of the battery 
value chain by setting targets for recycled content and issuing standards for lifecycle emissions 
and other ethical requirements. This will be reinforced by comprehensive labelling and a 
‘passport’ system allowing batteries and their content to be traced through the supply chain 
(Halleux, 2021). Fostering transparency and enforceable high standards is a way to rebalance the 
global market so that all participants are competing under the same rules. This is a way to push 
back against bulk producers with a competitive advantage of manufacturing in an area with 
weaker regulations.  
 
3.2.4. Affordability & Acceptability of EV’s in The European Union 
The European Union has a robust and competitive EV market where sales have continuously 
grown over the past decade. Yet, 2020 was an exceptional year with many milestones. After years 
of price decline, EV’s became cost-competitive with ICEs on the total cost of ownership for more 
than half of the EU’s auto market (Bernard, Bieker, Pettigrew, Schultz, Smorodin, Wappelhorst, 
2020). This was partly due to the continued declining prices of Li-ion EV battery packs that fell to 
115€/kWh in 2020 – an 89% reduction in real terms since 2010 (COM/2021/952).  

                                                 
30 Other projections vary; BloombergNEF projects that Europe’s share of global production could reach as high as 31% by 2030 (as 
cited in Jacobs, 2021).  
31 Some other financial instruments include the Next Generation EU, Horizon Europe, Cohesion Funds, Innovation Funds, or other 
Member State recovery efforts. 



 
With the costs getting more competitive and newer emissions legislation restricting ICEs, 
European consumers were more incentivized to buy EV’s in 2020 than before. From 2019 to 2020, 
there was a record 146% increase in EV sales across Europe32 – reaching 1.365 million sales 
(Bernard, Hall & Lutsey, 2021). The EU-27 accounted for 1.046 million of these EV sales and had 
an even higher relative growth rate of 170% for 2020 compared to 2019 (Transport & 
Environment, 2021). Overall, this surge in sales represented 10.5% in total car sales compared to 
slightly below 3% in 2019 (COM/2021/952). The substantive growth in relative terms was partly 
because net growth in EV sales and a 20% decline in total LDV sales in 2020.  Nevertheless, the 
market trend is undeniable as Europe’s EV sales for 2021 were already 1.58 million units by 
September – otherwise already 200,000 above the previous year’s record total (Kane, 2021d). The 
cumulation of these sales helped Europe33 overtake China to become the largest market for EV’s 
(IEA, 2021) – accounting for almost a third of the global stock34 with over 3.2 million EVs.35 
 
Despite this substantial success, there is significant disparity behind these macro figures. Some 
Member States, like Sweden, have over 30% EV sales, whereas others, like Cyprus, have less than 
1% (COM/2021/952). This disparity occurs at the policy level as well. Some of the wealthier 
Member States, like France or Germany, have substantial policy incentives – including over 
9,000€ in purchase incentives and tax reductions36 (ACEA, 2021a). Depending on the models 
MSRP and which Member States policies we consider, this can reduce the purchase cost by 20-
40% or more37. In contrast, some Member States with lower GDP, like Poland or Cyprus, have 
minor policy support or none, like Estonia. The work of ACEA (2021b) finds a correlation between 
GDPs per capita and the general uptake of EVs – which they argue is a primary reason why 
affordability remains a barrier to EU consumers. Although this is generally true, some Member 
States with lower GDP and low EV deployment have generous policy support to help push EV’s 
on the roads - i.e., Romania (ACEA, 2021a; ACEA, 2021b).  
 
Figure 1 illustrates the EV deployment gap across Europe and shows which countries were the 
first to develop robust markets. Policy innovators like the Netherlands and Norway have led the 
way in designing policies to make EVs affordable for well over a decade38. Countries like France 
and Germany were early followers of this trend and have been more recently joined by the likes 

                                                 
32 In this context, Europe includes the EU-27, the United Kingdom (UK) and members of the European Free Trade Association (EFTA) 
(Iceland, Norway, Liechtenstein, and Switzerland). 
33 Inclusive of the EU-27, the UK and members of the EFTA. 
34 According to the IEA (2021d), the global stock of battery electric and plug-in hybrid LDVs in 2020 was 10.1 million. 
35 A combination of 1.8 million BEV’s and 1.4 million PHEV’s (IEA, 2021). 
36 In the case of France, this can provide up to 19,000€ in cost savings for purchasing an EV. President Macron has assigned 1.3€ of 
France’s recovery package to fund this (JATO Dynamics, 2021). 
37 Assuming for an MSRP range between 20,000€ to 50,000€. 
38 In 2020 Norway had a BEV and PHEV sales share of 76% while the Netherlands had 25% (BloombergNEF, 2021). 



of Spain and Italy. This grouping is significant – especially France, Germany, Spain, and Italy – 
because they represent the economic and demographic majority of the bloc and are also the 
largest markets for new LDVs in the EU39. The fact that the four of them have already reached 
lifetime cost convergence is a significant indication of where the EU’s EV market will continue 
going forward (Bernard, Bieker, Pettigrew, Schultz, Smorodin, Wappelhorst, 2020). As they 
propel forward, the Eastern portion of the EU will likely continue to face problems with 
affordability because policy incentives remain weak; new vehicle sales also remain low40; and 
GDP per capita is lower. This disparity reflects that the EU as a geo-economic bloc struggles 
because there are no EU-wide support mechanisms for EVs that can make deployment 
symmetrical. As a result, the EU might require some application of cohesion funding to increase 
EV penetration in all corners of the bloc. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
39 Adoption rates in Western Europe were generally above the 10% share in sales in 2020, whereas the Southern European Member 
States were 4% for Italy and 5% for Spain. The notable improvement for the South is that these figures quadrupled from the single 
percent figure in 2019 (BloombergNEF, 2021). 
40 According to BloombergNEF (2021), the Eastern Member States account for roughly 10% of all new vehicles sold in Europe.  



 
Despite national disparities, the momentum of EV adoption in the EU is undeniable. As 

affordability comes closer to parity, the uptake will rely more on the acceptability of EVs41. The 
addition of new models is a crucial factor spurring further adoption. European automakers have 
picked up on this and rapidly expanded their EV lineups across the EU (see Bernard, Hall & 
Lutsey, 2021). Thus far, for 2021, major European automakers appear to be the most accepted 
brands across the bloc. By September 2021, Volkswagen Group, Stellantis, Daimler, and BMW 
Group had a combined 58% market share of the EU’s EV market while holding six of the ten top 
models (Kane, 2021d). Some Korean models were also quite successful. Nevertheless, with 
100,993 units sold in Europe by September – the American made Tesla Model S remains the most 
popular model by almost double their nearest competitor – the Volkswagen ID.3 with 53,037 
(Ibid). The combination of these figures illustrates that Europeans do support locally made 
brands, but there is also a high level of acceptance for foreign brands. 
 
3.3. The United States of America 
3.3.1. America’s traditional approach to energy security 

                                                 
41 Although not within the scope of this analysis, this will inherently converge to the problems associated with range anxiety and the 
deployment of EV charging infrastructure. The work of Falchetta & Noussan (2021) shows how the latter persists to be a problem 
across the EU, that creates new inequalities between urban and rural communities. 



In contrast to the PRC and the EU, the US has abundant energy resources and has a history of 
exporting them globally. It was not until after WWII that America became an energy importer 
because domestic oil consumption soared with the mass adoption of personal automobiles (CFR, 
2021). As consumption rose, import quotas checked imports that helped spur domestic 
production. Yet, domestic supply could not keep up, and the quotas were lifted in mid-1973 to 
avoid a gasoline shortage. This did little as the oil embargo sent prices skyrocketing months later. 
The price shock rattled the American economy, and the government responded by adopting a 
security of supply mindset that has since revolved around ensuring stable energy prices. While 
there has been some policy evolution, the centrality of price – or affordability – is still circulating 
within the national psyche. Everyday citizens remain extremely sensitive to energy prices. 
 
Prioritizing prices places international trade at the core of American energy security as 
functioning global markets ensure that competition drives innovations that lead to cost reduction 
(Burlinghaus & Gordon, 2020; Goldwyn, 2020). In this scope, American energy independence is 
not desirable because it would not, and could not, provide energy security (American Security 
Project, 2021). Not only does foreign competition help keep domestic costs from rising, but it also 
allows for the US to import specific resources while also allowing them to export their own. This 
dual nature is seen in America’s relationship with Canada and Mexico. Not only are these 
countries the largest destinations for American energy exports42 (see AGI, 2021), but they are also 
the largest source of energy imports to the US43. These mutually dependent relationships link 
both the security of American energy supplies and the security of demand for American energy 
products to its neighbours (Goldwyn, 2020). Former Brigadier General Stephen Cheney and 
Andrew Holland (2017) call the free trade of energy between neighbouring allies “shared 
security” – which to them is the only true form of American energy security. 
 
The emphasis on affordability contrasts with Europe’s focus on energy conservation because 
strong production within North America makes energy more available and accessible to the US. 
However, because North American prices are heavily reliant on global commodity prices, the US 
has historically used foreign policy to stabilize global energy markets to ensure that energy 
imports remained affordable and uninterrupted. Military cooperation with major producers in 
the Middle East or Naval support to ensure freedom of navigation through arterial points 
illustrate this. However, the recent shale revolution has made America a net energy exporter. 

                                                 
42 In 2020, the US imported over 240mb of Mexico’s heavy crude and exported over 1mbd of refined petroleum products to Mexico. 
Mexico is the top foreign purchaser of American refined products as over 70% of their diesel, natural gas, gasoline, and jet fuel come 
from the US (International Trade Administration, 2021). In 2018 70% of all Canadian energy imports came from the US – this 
represented CAD 35.5 billion in value (NRC, 2019). 
43 Canada is the largest foreign energy supplier to the US, which imports refined Uranium, oil, natural gas, and power (Goldwyn, 
2020). In 2018 the 1/5th of US oil consumption came from Canada, and the US represented 89% of all Canada’s total energy exports – 
including 95% of its oil exports (NRC, 2019). In 2020 Canada sold 67 TWh of power to the United States – much of this was either 
hydro or nuclear power from Quebec and Ontario (Cahill, 2021). These low carbon power imports are critical for border states 
decarbonization strategies (i.e. New York State). 



While this change does insulate America from some price volatility, it does not make them energy 
independent (Burlinghaus & Gordon, 2020). If anything, such a change has adjusted the American 
vision of energy security from focusing only on imports to one that also actively facilitates exports 
(Ibid). This compounds the importance of open trade to American energy security, because the 
security of both supply and demand become imperative to ensuring national and regional energy 
security 
 
3.3.2. The role of batteries in decarbonization and self-sufficiency strategy to access batteries  
While decarbonizing America will require batteries in various applications, their usage in 
transportation is particularly crucial. Transport is the largest share of emissions in the US, and it 
accounted for 29% or 1.9 Bn t CO2e of the total 6.558 Bn t CO2e emitted by the US in 2019 (EPA, 
n.d.). Roughly 82% of this came from LDVs and medium and heavy-duty trucks, at 58% and 24%, 
respectively (EPA, 2021). Other than the downward pressure resulting from economic crises in 
2008 and 2020, this sector has shown persistent growth since the early 1990s (Statista, 2021). 
Emissions for this sector remain substantial because over 93% of all the energy used came from 
fossils in 2020 (EIA, 2021b). These metrics indicate that the rapid electrification of transport is 
crucial if the US wants to reach their 2030 NDC of 50-52% emission reduction from their 2005 
levels. 
 
The Biden administration recognizes these trends and centralized the electrification of 
transportation in their “Build Back Better” agenda. Not only will this reduce American emissions, 
but it will also reinvent American automotive manufacturing, rebuild the underlying core of 
American infrastructure, and create significant employment for Americans. To capitalize on this, 
President Biden is mobilizing a “whole of government approach” to spur the buildout of a domestic 
EV and Li-ion battery industry to fuel it. After one month in office, he signed Executive Order 
14017, which triggered two things (The White House, 2021a). First, an immediate 100-day supply 
chain review to assess vulnerabilities and means of improving resilience for four key products, 
which included advanced batteries. Second, a one-year review to develop a strategy on how to 
rebuild the industrial base within the US for six sectors – including energy and transportation.  
 
Their inclusion highlights the strategic priority for the Biden administration, and with the 100-
day review completed and the launch of the American ‘National Blueprint for Lithium Batteries,’ 
there are signs as to how the US will proceed. The 100-day review flags numerous critical gaps 
within the American battery supply chain (The White House, 2021b), while the blueprint candidly 
acknowledges that the US is behind both China and the EU in developing a national battery 
strategy. In recognition of these issues, the blueprint delivers a vision that “By 2030, the United 
States and its partners will establish a secure battery materials and technology supply chain that supports 
long-term U.S. economic competitiveness and equitable job creation, enables decarbonization, advances 
social justice, and meets national security requirements.” (FCAB, 2021, p. 5).  



 
3.3.3. Availability & Accessibility of EVs in the United States 
The prospects of President Biden building a strong American EV sector are good, as the US spent 
decades trying to build both an industry and a stable market. The first major policies were passed 
through the Energy Independence and Security Act of 2007 and the Energy Improvement and Extension 
Act signed by President Bush in 2008. The former required manufacturers to improve their 
average fuel emission by 40% by 2020, and the latter created a tax credit of $2500-7500 (2200-
6600€) in tax refunds for EV purchases (IRS, 2021). These bills were followed by the Obama 
administration that took office amid the Global Financial Crisis. Like President Biden, they 
viewed building an EV industry as a vehicle of economic revival. Capitalizing on the tax credit, 
President Obama signed an Executive Order targeting 1 million EV’s in American by 2015. This 
was backed by targets to increase EVs in public procurement (Exec. Order No. 13514, 2009), a $2.4 
billion (2.1€ billion) appropriation in the American Recovery and Reinvestment Act of 2009, $8.4 
billion (7.4€ billion) secured through the DOE’s Advanced Technology Vehicles Manufacturing Loan 
Program and strengthening of the Corporate Average Fuel Economy (CAFE) standards44.  
 
The combination of these policies yielded mixed results. In contrast to the credit’s success, federal 
procurement has consistently failed to secure demand for EVs. Of the 358,078 total vehicles 
purchased by the federal government from 2009-2015, only 24,816 – or 7% – were low emission 
vehicles (Government Fleet, 2015a). It is also suspected that the substantive majority were hybrid 
EV’s rather than EVs (Government Fleet, 2015b). After this failure, Obama issued a new Executive 
Order scrapping the targets from 2009 and mandating agencies to lower their fleetwide emissions 
by 30% from 2014 levels by 2025 and increase their share of ZEVs in procurement to 50% by 2025 
(The White House, 2015). Adjacent to this, President Obama also launched a wide range of 
projects through sub-national governments (The White House, 2016). During the Trump 
administration, these targets were not adhered to. However, when President Biden took office, 
he issued a new Executive Order on Tackling the Climate Crisis at Home and Abroad that accelerated 
the targets towards complete electric procurement (The White House, 2021c). This was followed 
up by a new Executive Order issued on December 08, 2021, setting the goal to have 100% ZEVs 
in new federal procurement by 2035 and 100% LDV acquisition by 2027 (The White House, 
2021d). 
 
While these new targets are a good development, there is a severe gap in credibility because, in 
2021, less than 1% of the 657,000 vehicles in the American federal fleet were electric (Skibell, 2021). 
Because even if the vehicle lifetime costs are lower, Congress still needs to legislate an increase in 
federal procurement budgets before EV uptake can be possible. The bipartisan gridlock within 
American federal politics will continue to make securing demand through public procurement a 

                                                 
44 The stronger CAFÉ standards came into force in 2012 and included a credit system that incentivized automakers to produce more 
BEV and PHEV models. 



problematic task. Even though the Biden administration is supported by a Democratic majority 
in both chambers of Congress, efforts to legislate funding for EV procurement is an uphill battle. 
The Bipartisan Infrastructure Law from late 2021 appropriated $5 billion (4.4€ billion) to deploy 
electric school buses federally; yet, most of the Biden administrations requested EV funding was 
dropped in this legislation (The White House, 2021e). The ongoing Reconciliation Bill may 
provide more funding for procurement. An analysis from November 2021 showed roughly $9 
billion (7.9€ billion) appropriated federal procurement targeting EVs (EV Hub, 2021). 
Nevertheless, the continued integrity of these bills remains in question as federal policies have 
backtracked in the past. In the absence of federal leadership, States and municipalities have had 
significant success in using their public procurement to secure demand within their jurisdictions. 
As discussed elsewhere in this series (see Lu et al., 2021), California remains an example of policy 
leadership in the US. For over the past decade, they have mandated the adoption of ZEV’s – the 
most recent of which targeted 50% ZEV procurement by 2025 (State of California, 2021). 
 
These policies also had mixed results securing EV supply. The Bush-era's CAFE standards were 
intended to improve vehicle efficiency and reduce oil imports. Under Obama, this was adjusted 
to incentivize automakers to produce EVs. His administration strengthened the annual efficiency 
gains to 5% and raised the efficiency target to 55 MPG by 2025. This was paired with a credit 
system that rewarded EV production within the US (The White House, 2012). Studies show that 
these policies effectively accelerated EV market penetration (see Sen, Noori & Tatari, 2017). 
However, the standards were weakened by the Trump administration. However, the Biden 
administration will review this and likely strengthen the annual adjustment to 8% for models 
produced in 2024-24 (NHSTA, 2021). Despite the repeal, major auto companies protested this 
slowing down electrification. Ford even reaffirmed their commitment to California’s higher 
standards45 because it provided regulatory stability and reduced emissions (Eisenstein, 2019; 
Shepardson, 2020).  
 
Beyond these policies, there was also a significant investment into the US industrial base. The 
major investments were $2.4 billion (2.1€ billion) in grants through the DOE for Supporting Next 
Generation Electric Vehicles production in the US,46 and the activation of $8.4 of the $25 billion (7.4€ 
of 22€ billion) available to the DOE’s Advanced Technology Vehicles Manufacturing (ATVM) loan 
guarantee program. The majority of this was invested in innovation or equipping American 
manufacturers to produce EVs (CRS, 2015). The best example is Tesla and its $465 million (410.4€ 
million) loan guarantee from the ATVM (LPO, 2017). This loan was given in 2010 to cover the 
costs of launching production of the Model S. The Model S launched in 2012, and by 2015 they 

                                                 
45 As the Trump administration repealed emission standards, the State of California reached an agreement with several major 
automakers for them to continue abiding by the previously set clean vehicle standards (State of California, 2019). 
46 This included: $1.5 billion in grants to US based battery producers; $500 million in grants to US based producers of EV components; 
and $400 million in grants for demonstration and proof of concept infrastructure projects (DOE, 2009).  



had taken over a quarter of the American EV market (AFDC, 2020) while also becoming the most 
sold model in the world in that year (EV Volumes, n.d.). The continued success of Tesla47 shows 
how American investment into private innovation can translate into a strong domestic EV supply.  
 
President Biden appears determined to build on the successes and correct the failures with the 
new target for half of all LDV sales in the US would be EV by 2030 (The White House, 2021f).  
While this goal is possible, America’s current battery production is not enough. The US has 
managed to maintain self-sufficiency, as 69.6% of all EV battery cells and 87.2% of all EV battery 
packs used in the US were produced domestically in 2020 (Zhou, Gohlke, Rush, Kelly, Dai, 2021). 
However, the logistics of supplying batteries for its current 300,000 annual EV sales is 
considerably different from the projected 8.1 million annual sales in 2030 if EV’s account for half 
of all sales (IEA, 2021)48. American Li-ion battery production capacity was only 9.2% - or 46 GWh 
of 500 GWh – total global capacity in 2020 (Moores, 2021). While new additions could fill this gap, 
the announcements made by February 2021 would only put the US at 11.9% - or 358 GWh of the 
3,009.7 GWh – of global capacity by 2030 (Ibid). 
 
The primary reason for this gap is that there is no leading Li-ion battery company outside the 
Asia Pacific. All leading companies are from China, Japan, or South Korea. Moreover, most 
American auto companies, except Tesla, have been unwilling to invest in battery cell production 
– preferring to rely on suppliers (Wayland, 2021). However, as the scale continues to climb, 
automakers will inevitably lean heavier into the industry – lest they rely on importing batteries 
produced in Asia for their vehicles. Under pre-pandemic circumstances this might have been 
viable. But when facing consistent supply disruptions and shortages for semi-conductors’ 
automakers are increasingly willing to move towards vertical integration and regionalization of 
supply chains. Ford,49 Stellantis,50 and Toyota51 have all recently announced new partnerships 
with global battery leaders to establish new US based battery factories. These announcements 
overlap with the launching of Ultium Cells – a $2.3 billion (2€ billion) joint venture launched by 
GM and LG Chem in early 2020 that aims to offer 30 GWh of battery production capacity for GM 
vehicles (GM, 2020). These new capacities run adjacent to other announcements that almost the 

                                                 
47 In late 2021, Tesla became the first automaker in history to reach over $1 trillion (880€ billion) in market capitalization (Mathews, 
2021). 
48 The IEA (2021) Sustainable Development Scenario projects the US to reach 8.1 million EV sales annually by 2030. As a proportion 
of sales their projections are roughly in line with President Bidens 50% target.  
49 In September 2021, Ford, in partnership with SK Innovation, announced $11.4 billion (10€ billion) of new investment into creating 
US based battery factories to start production by 2025 (Wayland, 2021).  
50 In October 2021, Stellantis announced a joint venture with LG Energy Solutions to add up to 40 GWh of battery production capacity 
to support its North American operations (Lewis, 2021).  
51 In October 2021, Toyota indicated that by 2030 it would invest $3.4 billion (3€ billion) into battery development and production 
facilities based in the US (Wayland, 2021). 



entire US auto sector aims for 40-50% EV sales by 203052 and that they will invest well over $100 
billion (88€ billion) into their US manufacturing to do this.  
 
These announcements are substantial in their scale and frequency, which shows the 
overwhelming consensus that American private actors are willing to invest in securing EV 
supplies for American markets. In contrast, the discourse over the next generation of EV policies 
has been sluggish and fractured. The National Blueprint for Lithium Batteries indicates that a 
primary 2025 objective is to structure a comprehensive federal framework supporting EVs. 
However, with the Republican half of the American political system mostly rejecting supporting 
EV deployment (Gordon & Jackson, 2021) and the internal components of the Democratic half 
obstructing new policies to extract political concessions, this remains unlikely (Bloomberg & 
Laing, 2021). Deep polarisation is persistent and will continue to make any US strategy to secure 
EV demand or supply only partially effective. The executive branch and its agencies control 
powerful policy levers and have some discretionary resources at their disposal – such as the 
remaining $17 billion (15€ billion) allocated to the DOE AVAT. The national blueprint mentions 
leveraging such funding to support innovative EV projects. Nevertheless, policy support for EV 
deployment will remain weak without congressionally appropriated funding. In the absence of 
this, the private sector has a crucial role in setting the bar and moving forward. 
 
3.3.4. Affordability & Acceptability of EV’s in The United States 
The affordability of EVs has long been an issue in the US. The EV tax credit implemented by 
President Bush in 2008 was an attempt to address this by refunding between $2500-7500 (2200-
6600€) of the purchase price. This incentive was successful early on as it was seen to have raised 
EV sales by roughly 29% from 2010-2014 (Foy, 2019). However, the actual rebate is dependent on 
the relative cost of the make and model. The three most popular models in the US for 2013 were 
the Chevy Volt, Nissan Leaf, and Tesla Model S. A maximum rebate of $7500 off these MSRPs53 
of these models would give an effective subsidy of 26% for the Nissan, 19% for the Chevy, and 
12% for the Tesla. In any of these cases, the EV would remain between several thousand and ten 
thousand dollars higher than an equivalent base model ICE54. Subnational policies did help fill 
this gap, and by mid-2021 45 states and the District of Columbia had some additional support 
(Hartman & Shields, 2021). California’s Clean Vehicle Rebate Project remains one of the more 
generous examples, as consumers could be eligible for up to $7,000 (6,180€) (CVRP, 2021). 
 
Nevertheless, the tax credit was implemented in 2008, and it remains limited. The real value of 

                                                 
52 Major commitments to transition to EV production has been made by some of Americas most prominent auto companies including 
all three of Americas major auto companies – General Motors Company, Ford Motor Company, and Stellantis (Motavalli, 2021).  
53 The MSRP for a 2013 Nissan Leaf was $28,800 (25,400€), while it was $40,000 (35,200€) for the Chevy Volt and $62,400 (55,000€) for 
the Tesla Model S. 
54 For example, a 2013 Nissan Sentra S base model was $16,780 (14,800€) and the base model of a 2013 Chevy Cruze was $18,000 
(15,900€). 



$7500 in 2008 was significantly larger than it is now. Simultaneously the nominal price of vehicles 
has also increased. Even if the price gap between EVs and ICEs has shrunk, the incentive has still 
become weaker over time. At the same time, it only covers the first 200,000 sales of any given 
manufacturer before expiring (IRS, 2021). While this cap allows for less competitive or new EV 
brands to enter the market from an advantageous position, it also ends support for the makers 
and models that consumers are actually interested in purchasing. These problems arise because 
the credit is from 2008, and it was designed to help the US reach 1 million total EVs – not a 50% 
EV market share. 
 
The credit expiration is problematic because EVs are not expected to reach cost parity in the US 
until the mid or late 2020s, and deep EV penetration will require continued support (Lutsey & 
Nicholas, 2019). At the same time, primarily domestic brands will be the ones disadvantaged. 
Tesla and GM surpassed this threshold in 2018, and both Ford and Toyota will likely pass it in 
2022 (EVadoption, 2020). This is somewhat problematic because it would weaken the uptake of 
American made EVs as the sector begins to take off. President Biden has made efforts to raise the 
cap to 600,000 and increase the credit value by $4,500 (3,970€) for domestically built vehicles 
linked to unionized labor. While prominent political actors find these acceptable, major domestic 
and international actors have regarded it as unacceptable. Republican politicians almost 
universally oppose these provisions, and critical Democrats – like Senator Manchin – have 
expressed hesitation on the link to union labor (Bloomberg & Laing, 2021). While crucial trading 
partners and allies – such as Canada, the EU, Japan, and South Korea – oppose such measures 
and lobby to block them (Lawder, 2021). 
 
Despite the unacceptability, sustained credits are needed because American EV deployment 
remains low. Obama’s target of 1 million EVs on the road by 2015 was half a million vehicles 
short. The target was only hit in 2018 because of the incredible popularity of Tesla made EVs. In 
2018 Tesla launched their Model 3 and sold 139,782 units that year and 154,840 units in 2019 – 
this accounted for 38% and 47% of total annual EV sales in the US for each respective year (AFDC, 
2020). In 2018 US EV sales grew by 81% from 2017. Roughly 70% of the 81% growth was caused 
by sales of Tesla’s new Model 3 (Pyper, 2019). This remarkable growth translated into a market 
that was also very consolidated, as Tesla accounted for 79% of US EV sales in 2020 (Lambert, 
2021). This consolidation is largely because US EV sales remain low. In 2020 they were only 
306,000 of the 14.5 million LDV’s sold in the US – roughly a 2.1% share (Gohlke & Zhou, 2021). 
Despite a 4% decline from 2019 EV sales, this is the highest relative share of total sales EV’s have 
ever had because the total LDV sales declined substantially in 2020. 
 
The prospects in 2021 are showing some positive developments. An analysis from Consumer 
Reports in late 2020 confirmed that for much of the American market, the lifetime cost of 
ownership for EVs had dropped below ICEs – which is a significant milestone to outright 



purchase cost parity (Harto, 2020). There were also almost 300,000 new EV sales for the first eight 
months of 2021, which is slightly below the previous year's total (Kane, 2021e). This growth has 
been boosted by the new models made available and will be supported in the future by the 
enormous popularity of new SUV and truck models – like the F150 Lightning55. However, Tesla 
remains the overwhelmingly preferred supplier with roughly two-thirds of the market share and 
a year-over-year sales rise of 79% (Kane, 2021e). This is peculiar because Tesla does not qualify 
for the tax credit, and even the most basic Model S and Model Y costs $46,400 (41,000€) and 
$57,990 (51,200€), respectively. This illustrates that the appreciation of a specific make or model 
is as equally important as pricing in the US EV.   
 
4.0. Discussion Comparing China-EU-US 
While China, the EU, and the US will lead the world on EV deployment and Li-ion battery 
production, there are fundamentally different dynamics that each actor will face to secure EVs 
for decarbonizing transport. On the macro level, the need to decarbonize transport varies. 
Although the US transport emissions are highest – its growth trend is similar to the EU’s. In 
contrast, Chinese transport emissions are a relatively low portion of overall emissions. They are 
close to EU levels and less than half of the US despite having double the combined population of 
both. The contrast highlights that China is a developing economy, with a much smaller but 
rapidly increasing overall penetration of motorized private transportation. This infers that 
individual emission patterns in China are different than its peers. The EU and the US have 
emission-intensive transport habits, and these governments are working to decarbonize 
established transport networks. In comparison, China is still building transportation networks to 
connect the huge rural population while decarbonizing. 
 
In terms of EV deployment, China had more EV’s on the road than both the US and Europe 
combined. By 2020, China had an EV stock of 5.4 million while Europe had 3.3 million and the 
US had 1.8 million (IEA, 2021). This represented 4.5 million electric LDVs in China, 3.2 million in 
Europe (roughly 2 million in the EU-27) and 1.7 in the US (Ibid). It is reasonable for China to have 
a nominally higher EV stock because its auto market is larger than both the EU and the US56. This 
is seen when comparing sales volumes from 2019 and 2020 and how they changed the actual 
share of total sales. Figure 2 helps illustrate this. It shows that in 2020, there were 1.365 million 
EVs sold in Europe (1.046 million of which were sold in the EU-27), 1.337 million sold in China, 
and 328,000 sold in the US (Transport & Environment, 2021). Europe as a continent had higher 
sales than China, but China still had almost equivalent sales to the EU and US together. However, 
EV sales in the EU skyrocketed in 2020 – growing by 170% from 2019. This growth put the EU’s 

                                                 
55 The new Ford F150 Lightning reached 200,000 pre-order requests by December 2021. At this point, the automaker has stopped 
accepting pre-orders as production might not be able to meet delivery for this volume of demand (Richard, 2021) 
56 According to the ACEA (2021c) China registered 21.16 million new passenger vehicles in 2019, while the EU registered 15.34 million 
and the US 13.91 million.  



relative share of EV’s to 10.5% - which is considerably higher than China’s 6.8% or Americas 2.3% 
(Ibid). The higher relative share of sales in the EU indicates a much deeper penetration of EV 
sales.   



 
Policies chosen by each respective actor has shaped the relative share of sales and total EV stock. 
All three actors view public procurement of EVs as a means to boost their share, and all three 
implemented procurement policies in the early 2010s. Each policy initially failed to get the 
intended traction, but the responses differed. China immediately strengthened incentives to push 
procurement even further in the early 2010s. This was advanced by aggressive procurement 
targets for 50% EV purchases by 2021. Several years later, the EU followed the revisions made to 
the Clean Vehicle Directive and more robust procurement standards. Nevertheless, the 
procurement targets of 38.5% by 2025 is much less ambitious than Chinas – and not even every 
Member State has it. The US did have more ambitious targets earlier than the EU, as Obama set 
a 50% EV procurement by 2025 target as early as 2015. However, the US has failed to reach any 
meaningful level of EV penetration in federal procurement because this process has been 
politicized, and policies have gone unfunded. 
 
Adjacent to procurement policies, each actor used a mix of financial incentives. The US was the 
first mover to adopt a nationwide incentive for EV purchases. Nevertheless, this policy had 
extreme limitations. It was not overly generous, it did not cover public procurement, and it only 
covered the first 200,000 purchases from any given manufacturer. Because it has not been 
updated, it remains either too small or entirely inapplicable for most EVs currently sold in the 



US. The Biden administration is attempting to address this by scaling up this incentive. 
Comparatively, the EU’s incentives were also adopted early and have generally been more 
generous and broader than the US. They have also been successful in boosting deployment in 
different markets. However, there is no EU-wide policy consistency, making deployment 
extremely unequal between the Member States. The EU will likely need to deploy a series of new 
EU-wide incentives to strengthen cohesion and ensure that the gaps do not grow too wide. In 
contrast, China’s subsidy was arguably the broadest and most generous. The coverage was 
national, it covered private purchases and public procurement, the incentives were very strong – 
especially relative to vehicle cost – and there were few exclusions until recently. China is the only 
actor of the three where incentives are being withdrawn – and despite this continues to exhibit 
strong growth. 
 
While figures are hard to find, it is undoubtedly the case that this was extremely expensive. 
Nevertheless, China reached high deployment levels and is now refocusing its efforts by 
mandating the manufacturing sector with obligatory EV production targets. These mandates are 
unique to China, and both the EU and the US would likely not be able to implement such 
measures at a political level. The EU has taken a different approach to pushing deployment – by 
gradually strengthening regulations to push down on ICEs. The most recent change in regulation 
was in 2020, and it spurred a considerable jump in EV sales. The US has attempted to use similar 
policy tools as the EU through the CAFE standards. However, political adjustments have reduced 
the effectiveness of these policies. The US is peculiar in this case because their auto industry took 
the first step to pledge higher shares of EV manufacturing even when federal policies were being 
weakened. 
 
Outside of policies, there is also considerable variation between consumer preferences for each 
market. Most Chinese consumers are foremost concerned about affordability, and they generally 
prefer cheaper models over premium quality (Ou et al., 2017). The local producers have picked 
up on this and targeted these consumers to offer them EVs at considerably lower prices than any 
other major supplier. This has given Chinese manufacturers a strong presence in the local market 
– except for the premium sales dominated by imports. The emphasis on affordability is 
representable in a JATO Dynamics (2021) report that found Chinese EV prices have declined by 
47% in China since 2011. In contrast, the EU and US prices have increased by 28% and 38%, 
respectively (Ibid). This is reflected in terms of the average cost of EV sales. This is understandable 
for the US because most current EV sales are not defined by costs or parity with ICEs – rather by 
a brand's perceived prestige and quality (Ou et al., 2017). The majority of EV sales in the US are 
Tesla’s – which are expensive and are also excluded from the existing incentives. The importance 
of costs will likely become more central as the US sales reach a deeper penetration. However, the 
US has a much higher GDP per capita than China and most of the EU, which gives consumers 
room to buy expensive models. Europe is somewhere in between. Their consumers are generally 



concerned about affordability, and sales have been spurred in markets where EV’s have become 
competitive in lifetime costs with ICEs. Nevertheless, European automakers needed to comply 
with the EU emission regulation and boost the EV models available. These newer local models 
have been popular in the EU, which shows in their relative market share. 
 
In general, these trends show that domestically produced vehicles have a strong edge in their 
local EV market. However, Tesla is an outlier in this case because its cars remain the most 
dominant models within the top end of all three markets by quite a wide margin. This shows that 
the American car company has ubiquitous acceptability. Major European manufacturers mirror 
some of this within the Chinese and American markets with the prominence of some German 
brands. However, China is the laggard in this case, as no Chinese produced model had any 
leading presence in either the American or European markets. 
 
There are also considerable differences in industrial policy towards securing Li-ion batteries. 
China was arguably the first to develop a comprehensive industrial policy to develop a local 
battery industry. This is seen because they are the only one of the three actors to have not only 
one but two nationally owned Tier 1 battery producers. The EU and US do not have any 
companies like this, but they have close relations with Korea and Japan – home to the remaining 
Tier 1 battery producers. At the same time, China also has the substantive majority of global 
battery production capacity. The EU’s formation of the European Battery Alliance is a step to 
counteract this, and it shows some signs of early progress as the EU is set to become the second 
largest global producer of batteries within the next few years. The US has also taken steps to 
address it as the Biden administration recently launched a national Li-ion blueprint. However, 
the US will have to move quickly to make up for several years of inaction. Despite these efforts, 
it is unlikely that China will have a significantly reduced share in global production in the 
medium future. 
 
Although this is not inherently a problem, despite the concerns of Chinas dominance over this 
sector, it must be remembered that Chinese demand for Li-ion batteries will continue to grow far 
beyond both the EU and the US. To this end, Chinese efforts to scale up battery production is 
more of a tool to secure a long-term supply for the domestic market to ensure that China can 
continue developing. This should not be considered as a blunt tool of state power. While China’s 
monopoly position can technically be used in such a way, it is not effective in the long term to use 
such instruments bluntly because trading partners will search for reliable alternatives. 
Nevertheless, there is a problem with being too dependent on importing such essential 
components as batteries – especially considering the need to decarbonize transport. The EU and 
the US must find the appropriate balance in this regard. While they must aim to secure a degree 
of strategic independence by reinforcing self-sufficiency, they need to do so in an economically 



viable way. Blindly supporting weak national champions reduces competition and slows the rate 
of innovation when it is desperately needed to effectively decarbonize. 
 
5.0. Conclusion 
Major economies recognize that to decarbonize their transportation sector, they need a mass 
introduction of EVs. This connects a secure energy transition that hinges on Li-ion batteries to the 
automotive sector, which has historically been the center of industrial policies. As this link 
becomes apparent, competition has intensified as major geo-economic actors have developed 
comprehensive strategies to secure their market position. China, the EU, and the US are set to be 
the most important actors in this domain, and how their strategies unfold will determine how 
much of the world accesses EVs. Although these three share the intention to decarbonize, there 
are also considerable differences in their paths to building domestic EV and battery industries. 
 
Chinese policymakers were early to act, and they quickly established a substantial lead over the 
market. Central control and deep financial commitment allowed them to reach ambitious targets 
much earlier than their counterparts. At the same time, a deep connection between the state and 
industry allowed the Chinese to forge local champions into world leaders of innovation. In 
contrast, the EU as a bloc has struggled to overcome the barriers of collective coordination. While 
some Member States innovated policy solutions, others have fallen behind. Despite the gap, the 
EU has exhibited a strong ability to leverage long term regulatory planning to send clear signals 
to private actors, which has helped them keep abreast long-term targets. At the same time, they 
have also been willing to respond to import dependency with the full force of a collective entity. 
Conversely, the US has gone back and forth between policy innovation and policy removal. The 
struggle of political partisanship weakens EV uptake and has put the US behind China and the 
EU. Nevertheless, the US has a robust private sector and strong sub-national entities that have 
pushed against partisan gridlock and spurred adoption through radical innovation. Companies 
like Tesla will likely keep America at the forefront of innovation – but this will remain less than 
it could be so long as partisanship obstructs government processes. 
 
Although this analysis has covered a wide range of issues and policy developments, the totality 
of the EV space across these three geo-economic blocs is far beyond the scope of any single paper. 
Accordingly, future work should build on this by investigating how rules of local content 
requirements are used to reinforce self-sufficiency across the EV value chain – especially in 
conjunction with steps towards advanced battery recycling. 
  



Bibliography 

ACEA. (2021a). Electric vehicles: Tax benefits & purchase incentives. The European Automobile 

Manufacturers’ Association. https://www.acea.auto/files/Electric_vehicles-

Tax_benefits_purchase_incentives_European_Union_2021.pdf 

ACEA. (2021b, September 14). Interactive map – Affordability of electric cars, correlation market 

uptake and national income (2021 update). The European Automobile Manufacturers’ 

Association. https://www.acea.auto/figure/interactive-map-affordability-of-electric-cars-

correlation-market-uptake-and-national-income-2021-update/  

ACEA. (2021c). The Automotive Industry Pocket Guide 2020-2021. The European Automobile 

Manufacturers’ Association. https://www.acea.auto/files/ACEA_Pocket_Guide_2020-

2021.pdf 

Alternative Fuels Data Center. (2020). U.S. plug-in electric vehicle sales by model [Data set]. 

United States Department of Energy. https://afdc.energy.gov/data/10567 

American Geosciences Institute. (2021). How much oil does the U.S. export and import? American 

Geosciences Institute. https://www.americangeosciences.org/critical-issues/faq/how-

much-oil-does-us-export-and-import  

American Security Project. (2021). Energy Security. American Security Project. 

https://www.americansecurityproject.org/energy-security/ 

Azzuni, A., & Breyer, C. (2018). Energy security and energy storage technologies. Energy 

Procedia, 155, 237-258. 

Barrett, E. (2021, January 5). China is rolling back the subsidies that fueled its electric-vehicle 

boom. Fortune. https://fortune.com/2021/01/05/china-electric-vehicle-subsidies-sales-

tesla/  



Benchmark Mineral Intelligence. (2021, May 19). BYD becomes benchmark’s 7th tier one EV 

battery manufacturer; 2nd China cell maker. Benchmark Mineral Intelligence. 

https://www.benchmarkminerals.com/membership/byd-becomes-benchmarks-7th-tier-

one-ev-battery-manufacturer-2nd-china-cell-maker-2/ 

Bernard, Y., Bieker, G, Pettigre, S., Schultz, J., Smorodin, A. & Wappelhorst, S. (2020, December 

2). Five things you know about EVs that aren’t exactly true. The International Council on 

Clean Transportation. https://theicct.org/cards/stack/explaining-electric-vehicles#6 

Bernard, M. R., Hall, D. & Lutsey, N. (2021). Update on electric vehicle uptake in European cities 

(Working Paper No. 2021-37). International Council on Clean Transportation. 

https://theicct.org/sites/default/files/publications/ev-uptake-eu-cities-oct21.pdf 

Bloomberg. (2020, June 8). A ‘million mile’ battery from China could power your electric car. 

South China Morning Post. https://www.scmp.com/tech/big-tech/article/3087952/million-

mile-battery-china-could-power-your-electric-car  

Bloomberg & Laing, K. (2021, November 11). Manchin opposes proposed $4,500 tax credit for 

electric vehicles made by union labor. Fortune. https://fortune.com/2021/11/11/manchin-

opposes-4500-tax-credit-for-electric-vehicles-made-by-union-labor/ 

BloombergNEF. (2021). Hitting the EV inflection point: Electric vehicle price parity and phasing 

out combustion vehicle sales in Europe. BloombergNEF. 

https://www.transportenvironment.org/wp-

content/uploads/2021/08/2021_05_05_Electric_vehicle_price_parity_and_adoption_in_E

urope_Final.pdf  

Burlinghaus, E. & Gordon, J.T. (2020, November 13). Trae is the key to US energy security, which 

trumps US energy independence. Atlantic Council. 



https://www.atlanticcouncil.org/blogs/energysource/trade-is-the-key-to-us-energy-

security-which-trumps-us-energy-independence/ 

Cahill, B. (2021, October 21). U.S.-Canada energy trade: Set for a rebound. Center for Strategic 

& International Studies. https://www.csis.org/analysis/us-canada-energy-trade-set-

rebound 

Carey, N. & Steitz, C. (2021, July 14). EU proposes effective ban for new fossil-fuel cars from 

2035. Reuters. https://www.reuters.com/business/retail-consumer/eu-proposes-effective-

ban-new-fossil-fuel-car-sales-2035-2021-07-14/ 

Cheney, S.A. & Holland, A. (2017). Assessing U.S. and North American energy security in 2017. 

American Security Project. 

https://www.jstor.org/stable/pdf/resrep06065.pdf?refreqid=excelsior%3Ab4a8ce65ac278

b60899935b7b47de461 

Cherp, A., & Jewell, J. (2014). The concept of energy security: Beyond the four As. Energy policy, 

75, 415-421. 

Clean Vehicle Rebate Project. (2021). About CVRP. California Air Resource Board. 

https://cleanvehiclerebate.org/eng/about-cvrp 

Coester, A., Hofkes, M. W., & Papyrakis, E. (2020). Economic analysis of batteries: Impact on 

security of electricity supply and renewable energy expansion in Germany. Applied 

Energy, 275, 115364. 

Communication 2008/0400. Communication from the Commission to the European Parliament, 

the Council, the European economic and social committee and the committee of the 

regions: Public procurement for a better environment. European Commission. https://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2008:0400:FIN:EN:PDF 



Communication 2014/330. Communication from the Commission to the European Parliament and 

the Council: European energy security strategy. European Commission. https://eur-

lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:52014DC0330&qid=1407855611566 

Communication 2018/293. Communication from the Commission to the European Parliament, the 

Council, the European economic and social committee and the committee of the regions: 

Europe on the move: Sustainable mobility for Europe: Safe, connected and clean: Annex 

2 – Strategic action plan on batteries. European Commission. https://eur-

lex.europa.eu/resource.html?uri=cellar:0e8b694e-59b5-11e8-ab41-

01aa75ed71a1.0003.02/DOC_3&format=PDF 

Communication 2020/798. Proposal for a regulation of the European Parliament and of the 

Council: Concerning batteries and waste batteries, repealing Directive 2006/66/EC and 

amending Regulation (EU) No 2019/1020. European Commission. https://eur-

lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020PC0798 

Communication 2021/952. Report from the Commission to the European Parliament and the 

Council: Progress on competitiveness of clean energy technologies. European 

Commission. 

https://ec.europa.eu/energy/sites/default/files/progress_on_the_competitiveness_of_clean

_energy_technologies.pdf 

Congressional Research Service. (2015). The advanced technology vehicles manufacturing (AVM) 

loan program: Status and issues (R42064). Congressional Research Service. 

https://www.everycrsreport.com/files/20150115_R42064_ed11f93cc3484a18c54def305e

767ef962a8d3b9.pdf 



Constantin, C. (2005). China’s conception of energy security: Sources and international impacts 

(Working Paper No. 43). University of British Columbia School of Public Policy and 

Global Affairs. https://sppga.ubc.ca/wp-

content/uploads/sites/5/2016/02/Constantin_WP43.pdf  

Council on Foreign Relations. (2021). Oil dependence and U.S. foreign policy: 1850-2021. The 

Council on Foreign Relations. https://www.cfr.org/timeline/oil-dependence-and-us-

foreign-policy  

Department of Energy. (2009, March 19). President Obama announces $2.4 billion in funding to 

support next generation electric vehicles. United States Department of Energy. 

https://www.energy.gov/articles/president-obama-announces-24-billion-funding-support-

next-generation-electric-vehicles 

Directive 2009/28/EC. On the promotion of the use of energy from renewable sources and 

amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC . European 

Parliament, Council of the European Union. https://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0016:0062:EN:PDF 

Directive (EU) 2019/1161. Amending Directive 2009/33/EC on the promotion of clean and energy-

efficient road transport vehicles. European Parliament, Council of the European Union. 

https://eur-lex.europa.eu/eli/dir/2019/1161/oj?eliuri=eli:dir:2019:1161:oj 

Downs, E.S. (2000). China’s quest for energy security. RAND Corporation. 

https://www.rand.org/pubs/monograph_reports/MR1244.html. 

Eckhouse, B. (2019, May 15). The U.S. has a fleet of 300 electric buses. China has 421,000. 

Bloomberg. https://www.bloomberg.com/news/articles/2019-05-15/in-shift-to-electric-

bus-it-s-china-ahead-of-u-s-421-000-to-300 



Eisenstein, P. (2019, August 22). Trump attacks Ford for not supporting his rollback of Obama-

era climate change protections. NBC News. 

https://www.nbcnews.com/business/autos/trump-attacks-ford-not-supporting-his-

rollback-obama-era-climate-n1045161 

Energy Improvement and Extension Act, H.R. 6049, 110th Cong. (2008). 

https://www.congress.gov/bill/110th-congress/house-bill/6049. 

Energy Independence and Security Act, H.R. 6, 110th Cong. (2007). 

https://www.congress.gov/bill/110th-congress/house-bill/6  

Energy Information Administration. (2021a). China [Data set]. 

https://www.eia.gov/international/data/country/CHN  

Energy Information Administration. (2021b). Use of energy explained: Energy use for 

transportation. United States Energy Information Administration. 

https://www.eia.gov/energyexplained/use-of-energy/transportation.php 

Environmental Protection Agency. (2021, December 16). Fast facts on transportation greenhouse 

gas emissions. United States Environmental Protection Agency. 

https://www.epa.gov/greenvehicles/fast-facts-transportation-greenhouse-gas-emissions 

Environmental Protection Agency. (n.d.). Inventory of U.S. greenhouse gas emissions and sinks. 

United States Environmental Protection Agency. 

https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks  

EU2020. (2020). Update of the NDC of the European Union and its Member States.  The United 

Nations Framework Convention on Climate Change. 

https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/European%20Union%20F

irst/EU_NDC_Submission_December%202020.pdf 



European Commission. (2019, December 9). State aid: Commission approves €3.2 billion public 

support by seven Member States for a pan-European research and innovation project in 

all segments of the battery value chain (Press Release). European Commission. 

https://ec.europa.eu/commission/presscorner/detail/en/ip_19_6705 

European Commission. (2021a). CO2 emission performance standards for cars and vans. 

European Commission. https://ec.europa.eu/clima/eu-action/transport-emissions/road-

transport-reducing-co2-emissions-vehicles/co2-emission-performance-standards-cars-

and-vans_en 

European Commission. (2021b). Mobility strategy. European Commission. 

https://transport.ec.europa.eu/transport-themes/mobility-strategy_en 

European Commission. (2021c). European battery alliance. European Commission. 

https://ec.europa.eu/growth/industry/strategy/industrial-alliances/european-battery-

alliance_en  

European Commission. (2021d). In-depth reviews of strategic areas for Europe’s interests. 

European Commission.https://ec.europa.eu/info/strategy/priorities-2019-2024/europe-fit-

digital-age/european-industrial-strategy/depth-reviews-strategic-areas-europes-

interests_en#lithium-li-ion-batteries 

European Commission. (2021e, March 12). Speech by Vice-President Šefčovič at the press 

conference following the 5th high-level meeting of the European Battery Alliance (Speech). 

European Commission. 

https://ec.europa.eu/commission/presscorner/detail/en/speech_21_1142 

European Commission. (2021f, January 26). State aid: Commission approves €2.9 billion public 

support by twelve Member States for a second pan-European research and innovation 



project along the entire battery value chain (Press Release). European Commission. 

https://ec.europa.eu/commission/presscorner/detail/en/IP_21_226 

European Environment Agency. (2020, December 3). Average CO2 emissions from new cars and 

new vans increased again in 2019. European Environment Agency. 

https://www.eea.europa.eu/highlights/average-co2-emissions-from-new-cars-vans-2019 

European Environment Agency. (2021, November 18). Greenhouse gas emissions from transport 

in Europe. European Environment Agency. https://www.eea.europa.eu/ims/greenhouse-

gas-emissions-from-transport 

European Parliament. (2021, November 2021). Legislative train schedule: Environment, public 

health and food safety – ENVI: New batteries regulation. European Parliament. 

https://www.europarl.europa.eu/legislative-train/theme-environment-public-health-and-

food-safety-envi/file-revision-of-the-eu-battery-directive-(refit) 

Eurostat. (n.d.). From where do we import our energy? Eurostat. 

https://ec.europa.eu/eurostat/cache/infographs/energy/bloc-

2c.html#carouselControls?lang=en  

Eurostat. (2021). How are emissions of greenhouse gases evolving? Eurostat. 

https://ec.europa.eu/eurostat/cache/infographs/energy/bloc-4a.html 

EVAdoption. (2020, June). Federal EV tax credit phase out tracker by automaker. EVAdoption. 

https://evadoption.com/ev-sales/federal-ev-tax-credit-phase-out-tracker-by-automaker/ 

EV Hub. (2021, November 22). The reconciliation bill (H.R. 5376): EV provisions in the $1.75 

trillion bill. EV Hub. https://www.atlasevhub.com/materials/the-reconciliation-bill-h-r-

5376-ev-provisions-in-the-1-75-trillion-bill/  



EV Volumes. (n.d.). Global plug-in vehicle sales 2015. EVVolumes.com. https://www.ev-

volumes.com/news/global-plug-in-vehicle-sales/ 

Exec. Order No. 13,514, 74 Fed. Reg. 52117. (2009, October 8). 

Falchetta, G., & Noussan, M. (2021). Electric vehicle charging network in Europe: An accessibility 

and deployment trends analysis. Transportation Research Part D: Transport and 

Environment, 94, 102813. 

Federal Consortium for Advanced Batteries. (2021). National blueprint for lithium batteries: 2021-

2030. United States Department of Energy. 

https://www.energy.gov/sites/default/files/2021-

06/FCAB%20National%20Blueprint%20Lithium%20Batteries%200621_0.pdf  

Fishman, D. (2021, October 18). Chinese power sector reforms mean more coal now, less coal 

later. SupChina. https://supchina.com/2021/10/18/chinese-power-sector-reforms-mean-

more-coal-now-less-coal-later/ 

Fleming, S. (2020, November 11). China joins list of nations banning the sale of old-style fossil-

fueled vehicles. World Economic Forum. 

https://www.weforum.org/agenda/2020/11/china-bans-fossil-fuel-vehicles-electric/ 

Foy, M. (2019, June). Assessing federal subsidies for purchases of electric vehicles. National 

Bureau of Economic Research. https://www.nber.org/digest/jun19/assessing-federal-

subsidies-purchases-electric-vehicles  

Ge, A. (2018, August 2). Electric vehicle regulation and law in China. CMS Legal. 

https://cms.law/en/int/expert-guides/cms-expert-guide-to-electric-vehicles/china  



General Office of the State Council. (2009, March 20). 汽车 车 车 车 整和振兴车 划 [Automobile 

industry adjustment and revitalization plan]. The Central People’s Government of the 

People’s Republic of China. http://www.gov.cn/zwgk/2009-03/20/content_1264324.htm 

General Office of the State Council (2012, September 7). 国车 院关于印车 车 能与新能源汽车 车

车  车 展车 划 (2012―2020年）的通知 [The State Council on the issuance of energy 

conservation and new energy vehicle industry: Notice of Development Plan (2012-2020)]. 

The Central People’s Government of the People’s Republic of China. 

http://www.gov.cn/zwgk/2012-07/09/content_2179032.htm 

General Motors. (2020, March 04). GM reveals new Ultium batteries and a flexible global platform 

to rapidly grow its EV portfolio. General Motors. 

https://media.gm.com/media/us/en/gm/home.detail.html/content/Pages/news/us/en/2020/

mar/0304-ev.html 

Grepow. (2020, October 6). Top 10 lithium battery manufacturers in China. Grepow Blog. 

https://www.grepow.com/blog/top-10-lithium-battery-manufacturers-in-china/ 

Gohlke, D. & Zhou, Y. (2021). Assessment of light-duty plug-in electric vehicles in the United 

States, 2010 – 2020 (ANL/ESD-21/2). Argonne National Laboratory of the United States 

Department of Energy. https://publications.anl.gov/anlpubs/2021/06/167626.pdf 

Goldwyn, D. (2020). A new energy strategy for the western hemisphere. The Atlantic Council 

Adrienne Arsht Latin America Center and Global Energy Center. 

https://www.atlanticcouncil.org/wp-content/uploads/2020/03/New-Energy-Strategy-final-

web-version.pdf  



Gordon, M. & Jackson, V. (2021, May 27). Senate Republicans agree to just 2% of Biden’s EV 

infrastructure spending. S&P Global Platts. https://www.spglobal.com/platts/en/market-

insights/latest-news/electric-power/052721-senate-republicans-agree-to-just-2-of-bidens-

ev-infrastructure-spending 

Government Fleet. (2015a, May 26). Obama scales back EV goal for fed fleet. Government Fleet. 

https://www.government-fleet.com/129660/obama-scales-back-ev-goal-for-fed-fleet 

Government Fleet. (2015b, March 24). Feds ramping up purchase of zero-emission vehicles. 

Government Fleet. https://www.government-fleet.com/128601/feds-to-ramp-up-purchase-

of-alt-fuel-vehicles 

Halleux, V. (2021). New EU regulatory framework for batteries: Setting sustainability 

requirements (Members’ Research Service PE 689.337). European Parliament. 

https://www.europarl.europa.eu/RegData/etudes/BRIE/2021/689337/EPRS_BRI(2021)68

9337_EN.pdf 

Hao, H., Ou, X., Du, J., Wang, H., & Ouyang, M. (2014). China’s electric vehicle subsidy scheme: 

Rationale and impacts. Energy Policy, 73, 722-732. 

Hartman, K. & Shields, L. (2021, August 20). State policies promoting hybrid and electric vehicles. 

NCSL. https://www.ncsl.org/research/energy/state-electric-vehicle-incentives-state-

chart.aspx 

Harto, C. (2020). Electric vehicle ownership costs: Today’s electric vehicles offer big savings for 

consumers. Consumer Reports. https://advocacy.consumerreports.org/wp-

content/uploads/2020/10/EV-Ownership-Cost-Final-Report-1.pdf 



Hove, A. (2017, May 9). These four lessons will help China win the electric vehicle market. China 

Dialogue. https://chinadialogue.net/en/business/9773-these-four-lessons-will-help-china-

win-the-electric-vehicle-market/ 

Howell, S., Lee, H. & Heal, A. (2014). Leapfrogging or stalling out? Electric vehicles in China 

(HKS Working Paper No. RWP14-035). Harvard Kennedy School. 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2493131#  

ICCT. (2018). China’s new energy vehicle mandate policy (Final rule) (Policy Update). 

International Council on Clean Transportation. 

https://theicct.org/sites/default/files/publications/ICCT_China-NEV-mandate_policy-

update_20180111.pdf 

IEA. (2020). Oil, gas and coal import dependency in China, 2007-2019. IEA. 

https://www.iea.org/data-and-statistics/charts/oil-gas-and-coal-import-dependency-in-

china-2007-2019  

IEA. (2021). Global EV outlook 2021: Accelerating ambitions despite the pandemic. IEA. 

https://iea.blob.core.windows.net/assets/ed5f4484-f556-4110-8c5c-

4ede8bcba637/GlobalEVOutlook2021.pdf 

Intharak, N., Julay, J. H., Nakanishi, S., Matsumoto, T., Mat Sahid, E. J., Ormeno Aquino, A. G., 

& Aponte, A. A. (2007). A Quest for energy security in 21st century. Asia Pacific Energy 

Research Centre. 

International Trade Administration. (2021). Mexico – Country commercial guide. United States 

Department of Commerce. https://www.trade.gov/country-commercial-guides/mexico-oil-

and-gas  



IRS. (2021, December 6). IRC 30D new qualified plug-in electric drive motor vehicle credit. 

United States Internal Revenue Service. https://www.irs.gov/businesses/irc-30d-new-

qualified-plug-in-electric-drive-motor-vehicle-credit  

Jacobs, F. (2021, April 23). How Europe will beat China on batteries. Big Think. 

https://bigthink.com/strange-maps/gigafactories-in-europe/ 

Jakstas, T. (2020). What does energy security mean? In Energy Transformation Towards 

Sustainability (pp. 99-112). Elsevier. 

JATO Dynamics. (2021). EVs: A pricing challenge. JATO Dynamics. 

https://f.hubspotusercontent20.net/hubfs/20190729/JATO%20Paper%2c%20EVs%20Pric

ing%20Challenge.pdf 

Kane, M. (2020, February 4). World’s top 10 plug-in EV automotive groups ranked by sales in 

2019. Inside EVs. https://insideevs.com/news/396714/world-top-10-plugin-automotive-

groups-2019/  

Kane, M. (2021a, February 6). World’s top 5 EV automotive groups ranked by sales: Q1-Q4 2020. 

Inside EVs. https://insideevs.com/news/486325/world-top-ev-automotive-groups-2020/ 

Kane, M. (2021b, January 22). China: Plug-in electric car sales reach new records in December 

2020. Inside EVs. https://insideevs.com/news/481465/china-plugin-car-sales-december-

2020/  

Kane, M. (2021c, October 24). China notes massive plug-in car sales record in September 2021. 

Inside EVs. https://insideevs.com/news/542665/china-plugin-car-sales-september2021/  

Kane, M. (2021d, October 29). Europe: Plug-in car sales up 42% in September 2021. Inside EVs. 

https://insideevs.com/news/544047/europe-plugin-car-sales-september2021/ 



Kane, M. (2021e, October 16). Tesla Model Y/3 dominate US BEV market: January-August 2021. 

Inside EVs. https://insideevs.com/news/541142/us-bev-market-august-2021/ 

Keegan, M. (2018, December 12). Shenzen’s silent revolution: World’s first fully electric bus fleet 

quietens Chinese megacity. The Guardian. 

https://www.theguardian.com/cities/2018/dec/12/silence-shenzhen-world-first-electric-

bus-fleet 

Lambert, F. (2019, June 6). China boosts electric car sales by removing license plate quotas. 

Electrek. https://electrek.co/2019/06/06/china-boost-ev-sales-license-plate-quotas/ 

Lambert, F. (2021, February 16). Tesla owns 79% of the electric car market in the US, and that 

needs to change. Electrek. https://electrek.co/2021/02/16/tesla-owns-electric-car-market-

us/ 

Lawder, D. (2021, December 3). USTR backs efforts to strengthen U.S. EV industry despite 

objections. Reuters. https://www.reuters.com/business/autos-transportation/us-trade-

agency-backs-proposed-ev-tax-credit-despite-mexicos-objections-2021-12-03/ 

Lewis, M. (2021, October 22). Stellantis and Samsung SDI will open Lithium-ion battery factory 

in North America [Update]. Electrek. https://electrek.co/2021/10/22/stellantis-samsung-

sdi-joint-battery-factory-north-america/ 

Loan Programs Office. (2017, June). Tesla. United States Department of Energy. 

https://www.energy.gov/lpo/tesla 

Lu, J. (2018, February 28). Comparing U.S. and Chinese electric vehicle policies. Environmental 

and Energy Study Institute. https://www.eesi.org/articles/view/comparing-u.s.-and-

chinese-electric-vehicle-policies   



Lu, M. (2021, November 1). China a risk to Tesla’s battery strategy, Taiwan sees an opportunity. 

Tech Taiwan. https://techtaiwan.com/20211101/tesla-lfp-taiwan/ 

Lu, X., Zhu, E, Campbell, L., Hafner, M., Noussan, M. & Raimondi, P. P. (2021). Comparison 

between China, the EU and the US’s climate and energy governance: How policies are 

made and implemented at different levels (Working Paper). Fondazione Eni Enrico Mattei 

(FEEM). https://www.feem.it/en/publications/ 

Lutsey, N. & Nicholas, M. (2019). Update on electric vehicle costs in the United States through 

2030 (Working Paper No. 2019-06). The International Council on Clean Transport. 

https://theicct.org/sites/default/files/publications/EV_cost_2020_2030_20190401.pdf  

Ma, C., Madaniyazi, L., & Xie, Y. (2021). Impact of the Electric Vehicle Policies on Environment 

and Health in the Beijing–Tianjin–Hebei Region. International journal of environmental 

research and public health, 18(2), 623. 

Mathews, J. (2021, October 25). Tesla joins elite club as its market cap passes $1 trillion for the 

first time. Fortune. https://fortune.com/2021/10/25/tesla-market-cap-passes-1-trillion-

first-time-apple-microsoft-facebook-amazon-alphabet/  

Meidan, M. (2019). China’s energy security at 70. Oxford Institute for Energy Studies. 

https://www.oxfordenergy.org/wpcms/wp-content/uploads/2019/10/Chinas-energy-

security-at-70.pdf 

Ministry of Industry and Information Technology. (2016, May 12). 《中国制造2025》解车 之：

推车 车 能与新能源汽车 车 展 [Interpretation of "Made in China 2025": Promote the 

development of energy-saving and new energy vehicles]. Central Government Portal. 

http://www.gov.cn/zhuanti/2016-05/12/content_5072762.htm  



Mountain, B. & Percy, S. (2021). Inertia and system strength in the national energy market: A 

report prepared for the Australia Institute. Victoria Energy Policy Center. 

https://australiainstitute.org.au/wp-content/uploads/2021/03/VEPC-system-security-

report-FINAL.pdf  

Moores, S. (2021). The global battery arms race: Lithium-ion battery gigafactories and their 

supply chain. Oxford Institute for Energy Studies. 

https://www.oxfordenergy.org/wpcms/wp-content/uploads/2021/02/THE-GLOBAL-

BATTERY-ARMS-RACE-LITHIUM-ION-BATTERY-GIGAFACTORIES-AND-

THEIR-SUPPLY-CHAIN.pdf  

Motavalli, J. (2021, October 4). Every automaker’s EV plans through 2035 and beyond. Forbes 

Wheels. https://www.forbes.com/wheels/news/automaker-ev-plans/ 

NAATBatt International. (2021). Re-thinking energy security and lithium-ion batteries. NAATBatt 

International. https://naatbatt.org/re-thinking-energy-security-and-lithium-ion-batteries/  

Naidu-Ghelani, R. (2011, September 12). World’s 10 largest auto markets. CNBC. 

https://www.cnbc.com/2011/09/12/Worlds-10-Largest-Auto-Markets.html 

National Development and Reform Commission. (2018, December 10). 中车 人民共和国国家车

展和改革委车 会令 第22号 [Order of the National Development and Reform Commission 

of the People's Republic of China No. 22]. China Energy Portal. 

https://chinaenergyportal.org/regulations-for-the-administrative-management-of-

investment-in-production-capacity-in-the-automobile-industry/  

National Highway Traffic Safety Administration. (2021, August 5). USDOT proposes improved 

fuel economy standards for MY 2024-2026 passenger cars and light trucks. United States 



Department of Transportation.https://www.nhtsa.gov/press-releases/fuel-economy-

standards-2024-2026-proposal  

Natural Resources Canada. (2019, July). Energy fact book: 2019-2020. Natural Resources Canada. 

https://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/energy/pdf/Energy%20Fact%20Boo

k_2019_2020_web-resolution.pdf 

Noussan, M., Hafner, M., Campbell, L., Lu, X., Raimondi, P. P., & Zhu, E. (2021). Towards the 

decarbonization of the power sector–a comparison of China, the EU and the US based on 

historical data (No. 314197). Fondazione Eni Enrico Mattei (FEEM). 

https://www.feem.it/m/publications_pages/ndl2021-024.pdf 

Office of the Historian. (n.d.). Oil embargo, 1973-1974. United States Department of State. 

https://history.state.gov/milestones/1969-1976/oil-embargo  

OICA. (2021). Sales of new vehicles 2019-2020 [Data set]. International Organization of Motor 

Vehicle Manufacturers. https://www.oica.net/wp-content/uploads/Passenger-Cars_Sales-

2020.pdf  

Ou, S., Lin, Z., Wu, Z., Zheng, J., Lyu, R., Przesmitzki, S., & He, X. (2017). A study of China’s 

explosive growth in the plug-in electric vehicle market (ORNL/TM-2016/750). Oak Ridge 

National Laboratory. https://info.ornl.gov/sites/publications/files/Pub72210.pdf  

Palandrani, P. (2020, December 9). Four companies leading the rise of lithium & battery 

technology. Global X Management Company. https://www.globalxetfs.com/four-

companies-leading-the-rise-of-lithium-battery-technology/  

Pelkonen, A. (2018). Case Study Report: New Energy Vehicles (China). European Commission. 

https://jiip.eu/mop/wp/wp-content/uploads/2018/09/CN_New-Energy-

Vehicles_Pelkonen.pdf  



Pyper, J. (2019, January 7). US electric vehicle sales increased by 81% in 2018. Greentech Media. 

https://www.greentechmedia.com/articles/read/us-electric-vehicle-sales-increase-by-81-

in-2018  

Quintero, R.R. & Garrido, C.V.A. (2021). Revision of the EU Green Public Procurement criteria 

for road transport (JRC Technical Report). European Commission. 

https://ec.europa.eu/environment/gpp/pdf/criteria/EUGPP_roadtransport_technicalreport.

pdf 

Raimondi, P. P., Campbell, L., Hafner, M., Lu, X., Noussan, M. & Zhu, E. (2021) Rare Earth 

Elements and the Quest for Alternatives – A comparison of how China, the European Union 

and the United States secure the minerals needed for decarbonization (Working Paper). 

Fondazione Eni Enrico Mattei (FEEM). https://www.feem.it/en/publications/ 

Ralston, W. (2020, November 30). How Shenzen turned all its 16,000 buses fully electric. Wired. 

https://www.wired.co.uk/article/shenzhen-electric-buses-public-transport 

Randall, C. (2020, April 24). China extends but changes NEV subsidies until 2022. Electrive.com. 

https://www.electrive.com/2020/04/24/china-extends-nev-subsidies-til-2022/ 

Regulation (EC) 443/2009. Setting emission performance standards for new passenger cars as 

part of the Community’s integrated approach to reduce CO2 emissions from light-duty 

vehicle. European Parliament, Council of the European Union. https://eur-

lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0001:0015:EN:PDF   

Regulation (EU) 2019/631. Setting CO2 emission performance standards for new passenger cars 

and for new light commercial vehicles, and repealing Regulations (EC) No 443/2009 and 

(EU) No 510/2011. European Parliament, Council of the European Union. https://eur-

lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02019R0631-20210301 



Renda, A., Jacques, P., Egenhofer, C., Schrefler, L., Luchetta, G., Selcuki, C., Ballestros, J. & 

Zirnhelt, A.C. (2012). The uptake of green public procurement in the EU-27 (Prepared for 

the European Commission). Center for European Policy Studies and the College of Europe. 

https://ec.europa.eu/environment/gpp/pdf/CEPS-CoE-GPP%20MAIN%20REPORT.pdf 

Richard, I. (2021, December 9). Ford F-150 Lightning EVs stops accepting preorders, reservations 

as production issues might hinder delivery. Tech Times. 

https://www.techtimes.com/articles/269192/20211209/ford-f-150-lightning-evs-stops-

accepting-preorders-reservations-production.htm 

Ritchie, H. & Roser, M. (2020). China: CO2 country profile. Our World in Data. 

https://ourworldindata.org/co2/country/china#citation  

Sen, B., Noori, M., & Tatari, O. (2017). Will Corporate Average Fuel Economy (CAFE) Standard 

help? Modeling CAFE's impact on market share of electric vehicles. Energy Policy, 109, 

279-287. 

Shepardson, D. (2020, March 31). Trump finalizes rollback of Obama-era vehicle fuel efficiency 

standards. Reuters. https://www.reuters.com/article/us-usa-autos-emissions-

idUSKBN21I25S 

SIPA Center on Global Energy Policy. (2020). Guide to Chinese climate policy: Electric vehicles. 

Columbia University. https://chineseclimatepolicy.energypolicy.columbia.edu/en/electric-

vehicles#/_ftn6  

Skibell, A. (2021, August 27). Federal fleet electrification faces delays. E&E News: Climate Wire. 

https://www.eenews.net/articles/federal-fleet-electrification-faces-delays/ 



Soat, R. (2019, October 17). Chinese EV subsidy elimination could mean trouble for some EV 

companies. Forbes. https://www.forbes.com/sites/pikeresearch/2019/10/17/chinese-ev-

subsidy-elimination-could-mean-trouble-for-some-ev-companies/?sh=773fbf933005 

Sovacool, B. K., Valentine, S. V., Bambawale, M. J., Brown, M. A., de Fátima Cardoso, T., 

Nurbek, S., ... & Alhajji, A. F. (2012). Exploring propositions about perceptions of 

energy security: An international survey. Environmental science & policy, 16, 44-64. 

Stanley Foundation. (2006). China’s energy security and its grand strategy. The Stanley 

Foundation. https://stanleycenter.org/publications/pab/pab06chinasenergy.pdf  

State Council. (2020, October 20). 国车 院车 公车 关于印车 新能源汽车 车 车  车 展车 划（

2021—2035年）的通知 [The General Office of the State Council on the issuance of new 

Energy vehicle industry: Notice of Development Plan (2021-2035)]. State Council Office 

of the People’s Republic of China. http://www.gov.cn/zhengce/content/2020-

11/02/content_5556716.htm  

State Taxation Administration. (2012, June 25). Tax Bulletin (2012 Issue No. 03). State Taxation 

Administration of the Peoples Republic of China. 

http://www.chinatax.gov.cn/n810341/n810765/n812151/n812426/c1083813/content.html 

State of California. (2019, July 25). California and major automakers reach groundbreaking 

framework agreement on clean emission standards. State of California Office of 

Governor Gavin Newsom. https://www.gov.ca.gov/2019/07/25/california-and-major-

automakers-reach-groundbreaking-framework-agreement-on-clean-emission-standards/ 

State of California. (2021). Major initiatives – Chronological order (current to previous). State of 

California Green Fleet. https://www.green.ca.gov/fleet/about/initiatives/  



Statista. (2021). Carbon dioxide emissions from energy consumption in the transportation sector 

in the U.S. from 1975 to 2020. Statista. 

https://www.statista.com/statistics/1118464/transportation-co2-emissions-in-the-us-

energy-consumption/  

Statista Research Department. (2020, December 23). Share of electric vehicle sales in China in 

2018, by unit price range. Statista. https://www.statista.com/statistics/1091868/china-

electric-vehicle-sales-share-by-price-range/ 

Stauffer, N. (2020, November 25). China’s transition to electric vehicles: Benefits will come, but 

at what cost? MIT Energy Initiative. https://energy.mit.edu/news/chinas-transition-to-

electric-vehicles/ 

Tata, S. (2017, January 14). Deconstructing China’s energy security strategy. The Diplomat. 

https://thediplomat.com/2017/01/deconstructing-chinas-energy-security-strategy/ 

The White House. (2012, August 28). Obama Administration finalizes historic 54.5 MPG fuel 

efficiency standards [Archive]. The White House Office of the Press Secretary. 

https://obamawhitehouse.archives.gov/the-press-office/2012/08/28/obama-

administration-finalizes-historic-545-mpg-fuel-efficiency-standard 

The White House. (2015, March 19). Executive Order - - Planning for federal sustainability in the 

next decade [Archive]. The White House Office of the Press Secretary. 

https://obamawhitehouse.archives.gov/the-press-office/2015/03/19/executive-order-

planning-federal-sustainability-next-decade 

The White House. (2016, November 3). Obama Administration announces new actions to 

accelerate the deployment of electrical vehicles and charging infrastructure [Archive] 



The White House Office of the Press Secretary. https://obamawhitehouse.archives.gov/the-press-

office/2016/11/03/obama-administration-announces-new-actions-accelerate-deployment 

The White House. (2021a, February 24). Executive order on America’s supply chains. The White 

House Briefing Room. https://www.whitehouse.gov/briefing-room/presidential-

actions/2021/02/24/executive-order-on-americas-supply-chains/ 

The White House. (2021b). Building resilient supply chains, revitalizing American manufacturing, 

and fostering broad-based growth: 100-day reviews under Executive Order 14017. The 

White House. https://www.whitehouse.gov/wp-content/uploads/2021/06/100-day-supply-

chain-review-report.pdf 

The White House. (2021c, January 27). Executive Order on tackling the climate crisis at home and 

abroad. The White House Briefing Room. https://www.whitehouse.gov/briefing-

room/presidential-actions/2021/01/27/executive-order-on-tackling-the-climate-crisis-at-

home-and-abroad/  

The White House. (2021d, December 8). Fact sheet: President Biden signs executive order 

catalyzing America’s clean energy economy through federal sustainability. The White 

House Briefing Room. https://www.whitehouse.gov/briefing-room/statements-

releases/2021/12/08/fact-sheet-president-biden-signs-executive-order-catalyzing-

americas-clean-energy-economy-through-federal-sustainability/ 

The White House. (2021e). President Biden’s bipartisan infrastructure law. The White House. 

https://www.whitehouse.gov/bipartisan-infrastructure-law/ 

The White House. (2021f, August 5). Fact sheet: President Biden announces steps to drive 

American leadership forward on clean cars and trucks. The White House Briefing Room. 

https://www.whitehouse.gov/briefing-room/statements-releases/2021/08/05/fact-sheet-



president-biden-announces-steps-to-drive-american-leadership-forward-on-clean-cars-

and-trucks/ 

Transport & Environment. (2021). CO2 targets propel Europe to 1st place in emobility race 

(Briefing). Transport & Environment. https://www.transportenvironment.org/wp-

content/uploads/2021/07/2020%20EV%20sales%20briefing.pdf  

Tsiropoulos, I., Tarvydas, D. & Lebedeva, N. (2018). Li-ion batteries for mobility and stationary 

storage applications (JRC113360). Publications Office of the European Union. 

http://dx.doi.org/10.2760/87175 

Wappelhorst, S., Hall, D., Nicholas, M. & Lutsey, N. (2020, February 23). Analyzing policies to 

grow the electric vehicle market in European cities (White Paper). The International 

Council on Clean Transportation. 

https://theicct.org/sites/default/files/publications/EV_city_policies_white_paper_fv_2020

0224.pdf  

Wayland, M. (2021, October 19). Automakers are spending billions to produce battery cells for 

EVs in the U.S. CNBC. https://www.cnbc.com/2021/10/19/automakers-are-spending-

billions-to-produce-battery-cells-for-evs-in-the-us.html  

World Energy Council. (2021). World energy trilemma index. World Energy Council. 

https://www.worldenergy.org/transition-toolkit/world-energy-trilemma-index  

Xinhua News Agency. (2009, January 6). 万车 ：我国车 能与新能源车 车 汽车 技车 走向成熟 

[Wan Gang: China’s energy-saving and new energy electric vehicle technology is 

becoming mature]. China Government Network. http://www.gov.cn/jrzg/2009-

01/06/content_1197858.htm  



Yang, L., He, H., Shao, Z., Cui, H. & Mao, X. (2021). A retrospective review of China’s clean 

diesel program. International Council on Clean Transportation. 

https://theicct.org/sites/default/files/publications/review-china-diesel-jun2021.pdf 

Yergin, D. (2006). Ensuring energy security. Foreign affairs, 69-82.  

Zhou, Y., Gohlke, D., Rush, L., Kelly, J. & Dai, Q. (2021). Lithium-ion battery supply chain for 

E-drive vehicles in the United States: 2010–2020 (ANL/ESD-21/3). Argonne National 

Laboratory of the United States Department of Energy. 

https://publications.anl.gov/anlpubs/2021/04/167369.pdf  

Zhu, E., Campbell, L., Hafner, M., Lu, X., Noussan, M. & Raimondi, P. P. (2021). Towards an 

inclusive energy transition beyond coal – A comparison of just transition policies away 

from coal between China, the EU and the US (Working Paper). Fondazione Eni Enrico 

Mattei (FEEM). https://www.feem.it/en/publications/ 



FONDAZIONE ENI ENRICO MATTEI WORKING PAPER SERIES 

“NOTE DI LAVORO” 

Our Working Papers are available on the Internet at the following address:  

http://www.feem.it/getpage.aspx?id=73&sez=Publications&padre=20&tab=1 

 “NOTE DI LAVORO” PUBLISHED IN 2021 

1. 2021, Alberto Arcagni, Laura Cavalli, Marco Fattore, Partial order algorithms for the assessment of italian

cities sustainability

2. 2021, Jean J. Gabszewicz, Marco A. Marini, Skerdilajda Zanaj, Random Encounters and Information

Diffusion about Product Quality

3. 2021, Christian Gollier, The welfare cost of ignoring the beta

4. 2021, Richard S.J. Tol, The economic impact of weather and climate

5. 2021, Giacomo Falchetta, Nicolò Golinucci, Michel Noussan and Matteo Vincenzo Rocco, Environmental

and energy implications of meat consumption pathways in sub-Saharan Africa

6. 2021, Carlo Andrea Bollino, Marzio Galeotti, On the water-energy-food nexus: Is there multivariate

convergence?

7. 2021, Federica Cappelli, Gianni Guastella, Stefano Pareglio, Urban sprawl and air quality in European

Cities: an empirical assessment

8. 2021, Paolo Maranzano, Joao Paulo Cerdeira Bento, Matteo Manera, The Role of Education and Income

Inequality on Environmental Quality. A Panel Data Analysis of the EKC Hypothesis on OECD

9. 2021, Iwan Bos, Marco A. Marini, Riccardo D. Saulle, Myopic Oligopoly Pricing

10. 2021, Samir Cedic, Alwan Mahmoud, Matteo Manera, Gazi Salah Uddin, Information Diffusion and

Spillover Dynamics in Renewable Energy Markets

11. 2021, Samir Cedic, Alwan Mahmoud, Matteo Manera, Gazi Salah Uddin, Uncertainty and Stock Returns in

Energy Markets: A Quantile Regression Approach

12. 2021, Sergio Tavella, Michel Noussan, The potential role of hydrogen towards a low-carbon residential

heating in Italy

13. 2021, Maryam Ahmadi, Matteo Manera, Oil Prices Shock and Economic Growth in Oil Exporting Countries

14. 2021, Antonin Pottier, Emmanuel Combet, Jean-Michel Cayla, Simona de Lauretis, Franck Nadaud, Who

emits CO2? Landscape of ecological inequalities in France from a critical perspective

15. 2021, Ville Korpela, Michele Lombardi, Riccardo D. Saulle, An Implementation Approach to Rotation

Programs

16. 2021, Miguel Borrero, Santiago J. Rubio, An Adaptation-Mitigation Game: Does Adaptation Promote

Participation in International Environmental Agreements?

17. 2021, Alan Finkelstein Shapiro, Gilbert E. Metcalf, The Macroeconomic Effects of a Carbon Tax to Meet

the U.S. Paris Agreement Target: The Role of Firm Creation and Technology Adoption

18. 2021, Davide Bazzana, Jeremy Foltz, Ying Zhang, Impact of climate smart agriculture on food security: an

agent-based analysis

19. 2021, Chiara Casoli, Riccardo (Jack) Lucchetti, Permanent-Transitory decomposition of cointegrated time

series via Dynamic Factor Models, with an application to commodity prices

20. 2021, Pauline Pedehour, Lionel Richefort, Empowerment of social norms on water consumption

21. 2021, Carlo Drago, The Analysis and the Measurement of Poverty: An Interval-Based Composite Indicator

Approach

22. 2021, Davide Bazzana, Francesco Menoncin, Sergio Veralli, The day after tomorrow: mitigation and

adaptation policies to deal with uncertainty

23. 2021, Liang Nie, ZhongXiang Zhang, Is high-speed green? Evidence from a quasi-natural experiment in

China

24. 2021, Michel Noussan, Manfred Hafner, Loyle Campbell, Xinqing Lu, Pier Paolo Raimondi, Erpu Zhu,

Towards the decarbonization of the power sector – a comparison of China, the EU and the US based on

historical data

25. 2021, Marta Castellini, Luca Di Corato, Michele Moretto, Sergio Vergalli, Energy exchange among

heterogeneous prosumers under price uncertainty

http://www.feem.it/getpage.aspx?id=73&sez=Publications&padre=20&tab=1


26. 2021, Davide Bazzana, Michele Colturato, Roberto Savona, Learning about Unprecedented Events: 
Agent-Based Modelling and the Stock Market Impact of COVID-19

27. 2021, Nicola Comincioli, Paolo M. Panteghini, Sergio Vergalli, The start-up decision under default risk

28. 2021, Oleg Badunenko, Marzio Galeotti, Lester C. Hunt, Better to grow or better to improve? Measuring 
environmental efficiency in OECD countries with a Stochastic Environmental Kuznets Frontier

29. 2021, Matteo Mazzarano, Gianni Guastella, Stefano Pareglio, Anastasios Xepapadeas, Carbon Boards 
and Transition Risk: Explicit and Implicit exposure implications for Total Stock Returns and Dividend 
Payouts

30. 2021, Matteo Lanzafame, Demography, growth and robots in advanced and emerging economies

31. 2021, Shu Guo, ZhongXiang Zhang, Can the diligent governance increase subjective wellbeing?

New evidence from environmental regulations in China

32. 2021, Iwan Bos, Marco A. Marini, Riccardo D. Saulle, Myopic Oligopoly Pricing
33. 2021, Nickolas Gagnon, Riccardo D. Saulle, Henrik W. Zaunbrecher, Decreasing Incomes Increase

Selfishness
34. 2021, Xinqing Lu, Erpu Zhu, Loyle Campbell, Manfred Hafner, Michel Noussan, Pier Paolo Raimondi, 

Comparison between China, the EU and the US's climate and energy governance: How policies are 
made and implemented at different levels

35. 2021, Loyle Campbell, Manfred Hafner, Xinqing Lu, Michel Noussan, Pier Paolo Raimondi, Erpu Zhu, 
Securing decarbonized road transport – a comparison of how EV deployment has become a critical 
dimension of battery security strategies for China, the EU, and the US



Fondazione Eni Enrico Mattei 
Corso Magenta 63, Milano – Italia 

Tel. +39 02.520.36934
Fax. +39.02.520.36946

E-mail: letter@feem.it
www.feem.it


	Cover.pdf
	ndl2021-031
	Senza titolo
	Senza titolo


	Seconda pagina.pdf
	ndl2021-031

	Penultima e ultima.pdf
	ndl2021-034
	NoteDiLavoro+UltimaPagina.pdf
	ndl2021-031






