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Nowadays, batteries for electric vehicles are expected to have a high energy density, allow fast charging and maintain
long cycle life, while providing affordable traction, and complying with stringent safety and environmental standards.
Extensive research on novel materials at cell level is hence needed for the continuous improvement of the batteries
coupled towards achieving these requirements.
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| 1. Introduction

Nowadays, batteries have become an essential part of everyday life. With products and devices becoming increasingly
electrified, battery usage has grown heavily over the past decade. Currently, they are mainly used in portable electronics,
mobility applications and stationary storage. Mobility applications, comprising different categories of electric vehicles
(EVs), represent the biggest share of the global battery market and are expected to continue growing, following the
expected increase in electromobility 1. EVs are projected to demand 90-95% of the total production of Li-ion batteries
(LIBs) by 2030 with most predictions indicating around 150 million EVs on the roads by that time. Because of the
dominating share on the battery market, the demands of the electrification of vehicles and their end-user expectations
have been the primary drivers for the development of advanced battery technologies over the past decade. In the
automotive industry, the end-user is demanding batteries that should be safe, sustainable and have affordable traction
combined with high volumetric and gravimetric energy density and power, excellent electric performance and durability in
a wide ambient temperature range, low self-discharge and long shelf-life. In addition, the ability to sustain fast charging
with a minimal impact on cell ageing is becoming increasingly important as electromobility is rolling out in increasing
numbers to a wider circle of users and locations 2],

A variety of different materials have been thoroughly analysed and tested on battery components, aiming to meet and
balance all these requirements while ensuring complementarity and stability when combined in a battery cell. Up until
now, LIBs have proven to be the most robust technology enabler for the development of EVs. Different chemistries have
been demonstrated to be more suitable for different applications, as shown in Figure 1. Incremental improvements over
time and the Ni-rich cell chemistries currently available on the market have made LIBs even more suitable by improving
aspects such as their specific energy and power among others. However, the quest for even higher energy density and
specific energy as well as fast-charging capabilities remains a priority for the industry. At the same time, the demands
from the end-users change with time as the mobility applications evolve and new usage patterns and behaviours are
established. This accentuates the need for further improvements and has accelerated the need for development of novel
battery materials that can meet the needs of future generations of EVs. Several articles have reviewed different novel
battery materials and their influence on the different parameters of the battery in terms of performance, safety, cost etc.
However, most articles make this review from a technology push perspective and do not take into account the future end-
user demands.
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Figure 1. Li-ion battery overview (TRL = technology readiness level).

| 2. Projected Demand from End-User Side

Looking from the side of the end-users, in addition to the need for affordable and safe EVs, one of the main drivers is
“range anxiety”, caused by a combination of limited EV driving range and relatively long charging times plus an
underdeveloped charging infrastructure [2&!,

All things remaining the same, increasing the battery energy density will translate into longer driving ranges in vehicles, as
there will be more energy available for propulsion per battery unit. If the added energy comes with improved fast charging
capability, this would be even better, as it would reduce the refuelling time, and further enhance freedom to move with
minimum inconvenience M. In the interest of sustainability, the combination of high energy density with fast charging
capability opens another possibility, namely, to reduce the battery size and to rely on frequent, fast charging events to
accumulate mileage. The latter option has the potential to significantly reduce the cost of the traction battery as well as
decrease the material resources and energy consumption needed to produce the battery. However, it would also require
batteries with improved cycle life to ensure that the total lifetime of the battery is not shortened. The traction battery
currently represents up to 30-50% of the total cost to produce a battery-powered vehicle, depending on the level of
electrification . By reducing the battery size, the current cost gap between conventional internal combustion engine

vehicles and EVs can potentially be closed and make them more affordable and achievable to a wider customer base [
[

Climatisation, of both the traction battery and the occupant compartment, is a notable load on the battery even today .
Owners of battery-powered vehicles who live in climate zones with seasonal variations will note a decline in the driving
range per charge during sub-zero temperature periods, as the battery needs to be warmed for optimal electric
performance. In warm climates, the battery needs cooling in order to prevent accelerated ageing at higher temperatures
@ Hence, new battery systems with electrical and durability performances that are less affected by operating
temperatures would have many advantages and free up battery energy for other uses on the vehicle, such as extending
the driving range.

However, there are two parallel technology developments emerging alongside with electrification which are closely
associated with the sustainability transition of the transport sector. These are autonomous (self-driving) cars and
connected services. The gradual introduction of these technologies will likely have a major impact on the energy demand
and usage of available energy in the battery in future EVs 9. The energy demand from powering these applications is
provided by the same battery that is also used for traction, which means that the total packed energy must be split
between different loads. Autonomous driving requires 360° sensors, monitoring and online data processing to detect and
manoeuvre obstacles, as well as to respond to the activities of all surrounding road users. The processors needed to
manage these operations with sufficient speed and safety represent a significant energy load on the battery. In dense
urban traffic, the energy consumption of these processors is typically of the same order of magnitude as the energy
required to propel the vehicle. Under these conditions, future EV batteries would need to have double the energy density
in order to retain the same driving range per charge cycle as they do today (111,

The energy consumption related to connected services depends on the nature of the over the air information exchange
with the vehicle and how the systems are designed. For example, extensive use of the infotainment system and apps
offering streaming services will have an impact on the amount of energy available for propulsion 22, This technology is
still very much in development, and it is not unlikely that the EVs will experience an evolution as the technology develops
and matures, similar to the one we have witnessed in, e.g., mobile phones over the last two decades. The first mobile
phones were very limited in what they could do and the smartphones currently on the market are a far cry from what we
dreamed was even possible from the start. However, as with all other functions and features on the vehicle, the connected
services will be powered by the traction battery and this will have an impact on the energy demand. The following section
of this paper will show how the foreseen energy demand increase will be supplied by new battery technology with higher
energy density as the research on novel components evolves and matures.

Ultimately, it is the driver and other vehicle occupants who will decide how the available energy in the EV battery is used,
for example maximising driving range or accepting a shorter driving range to enjoy the freedom of a self-driving car and
the on-board infotainment system. In addition to the on-board energy consuming functions discussed above, the future
role of the EV batteries as energy storage support to the smart grids discussed in the context of the electrification
transition should also be considered 12114l Making the traction battery available to vehicle-to-grid (V2G) applications will
result in an increased total energy throughput over the battery lifetime 22, This increase in battery usage yields a faster



battery degradation. Preliminary studies show that over five years driving-related degradation accounts for 1-2.5% of
capacity loss, V2G degradation is in the range of 1-2% and calendar ageing brings around 6% of the total capacity fade in
a passenger car L8IL7 |t js unlikely that vehicle owners will accept a trade-off that involves negative impacts on the
durability performance of the battery in the vehicle 288 Hence, improved cycle life and capability to retain long-term
electric capacity with higher total energy throughput is also likely to emerge as increasingly important to meet the
expectations and needs of the market and society. End-users’ priorities regarding long-range or affordability are also going
to be an important factor [2l. As the access to charging infrastructure improves, not only in city centres but also in more
remote areas, the demand for affordable vehicles with smaller batteries is likely to increase, especially if the fast charging
capability improves compared to now. Future batteries with higher energy densities would support these possible user
trends, as well as other development directions that become possible as new technology advances in autonomous cars
and connected services are made available and become mainstream. An overview of current demands and the
corresponding battery requirements is provided in Table 1 in light of the end-user needs.

Table 1. End-user needs overview.

Demand Battery Requirements
Reducing range anxiety. Increasing energy density.
Convenience of charging. Fast charging.

Reduce size of battery by higher density + fast charging. Reduction of critical raw
Sustainable EV. materials (Novel active materials that do not rely on critical elements and materials).
Increase the recycling potential of the components.

Climatisation. Wider operating temperature window.

Autonomous driving.

Increase energy density to maintain same range performance or higher energy

Connected vehicles. throughput (cycle life).

Comfort and infotainment.

Temporary energy storage
applications, e.g., vehicle-to-grid, Energy throughput not reflected by mileage and calendar life (cycle life).
vehicle-to-vehicle.

Reduced cost. Reduction of critical raw materials use, reduction of battery size.

Increased safety. Non-flammable materials, high stability of components.

Finally, it is also worth mentioning that there are ongoing regulatory developments that are likely to affect how batteries
can be designed and used in electrified vehicles. Two examples are the Global Technical Regulation (GTR) on in-use
battery durability within the UN ECE Vehicle Regulations framework 2% and the European Commission’s proposal for a
new Battery Regulation 21, Both regulations are expected to be adopted during 2021 and they incorporate mandatory
electrical performance and durability requirements on batteries. The proposed Battery Regulation also includes
sustainability requirements for repair, remanufacturing, repurposing, recyclability and use of recovered substances in new
cells and batteries, which may limit the cell chemistries, battery systems’ design options and vehicle usage patterns that
will be possible in the EU internal market. It is important to be watchful that these regulations and similar global initiatives
do not introduce unintended technology restrictions, which create unsurmountable obstacles to developing batteries
capable of meeting the demands and expectations of future applications.

References

1. Tsiropoulos, |.; Tarvydas, D.; Lebedeva, N. Li-ion batteries for mobility and stationary storage applications. Publ. Off.
Eur. Union Luxemb. 2018, 1-72.

2. Helmbrecht, M.; Olaverri-Monreal, C.; Bengler, K.; Vilimek, R.; Keinath, A. How electric vehicles affect driving
behavioral patterns. IEEE Intell. Transp. Syst. Mag. 2014, 6, 22-32.

3. Sun, X.H.; Yamamoto, T.; Morikawa, T. Fast-charging station choice behavior among battery electric vehicle users.
Transp. Res. Part D Transp. Environ. 2016, 46, 26—39.

4. Christensen, L.; Ngrrelund, A.V.; Olsen, A. Travel behaviour of potential Electric Vehicle drivers. The need for changing
A contribution to the Edison project. In Proceedings of the European Transport Conference 2010, Glasgow, UK, 11-13



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

October 2010.

. Battery Pack Prices Cited below $100/kWh for the First Time in 2020, While Market Average Sits at $137/kWh.

Available online: (accessed on 3 March 2021).

. Interactive Map: Affordability of Electric Cars, Correlation between Market Uptake and GDP in the EU. Available online:

(accessed on 3 March 2021).

. Electrification of the Transport System—Expert Group Report; European Commision: Brussels, Belgium, 2017.

. Zhang, Z.; Wang, D.; Zhang, C.; Chen, J. Electric vehicle range extension strategies based on improved AC system in

cold climate—A review. Int. J. Refrig. 2018, 88, 141-150.

. Yuksel, T.; Michalek, J.J. Effects of Regional Temperature on Electric Vehicle Efficiency, Range, and Emissions in the

United States. Environ. Sci. Technol. 2015, 49, 5.

Autonomous Cars'’ Big Problem: The Energy Consumption of Edge Processing Reduces a Car’s Mileage with up to
30%. Available online: (accessed on 4 March 2021).

Baxter, J.A.; Merced, D.A.; Costinett, D.J.; Tolbert, L.M.; Ozpineci, B. Review of Electrical Architectures and Power
Requirements for Automated Vehicles. In Proceedings of the 2018 IEEE Transportation and Electrification Conference
and Expo (ITEC 2018), Long Beach, CA, USA, 13-15 June 2018; pp. 102-107.

Islam, E.S.; Moawad, A.; Kim, N.; Rousseau, A. Vehicle Electrification Impacts on Energy Consumption for Different
Connected-Autonomous Vehicle Scenario Runs. World Electr. Veh. J. 2019, 11, 9.

Hardy, K.; Krasenbrink, A. EV-Smart Grid Interoperability Centers in Europe and the U.S.; Argonne National Laboratory:
Lemont, IL, USA, 2011.

Supporting Innovative Solutions for Smart Grids and Storage, Innovation and Networks Executive Agency INEA,;
European Commission: Brussels, Belgium, 2018.

uddin, K.; Dubarry, M.; Glick, M.B. The viability of vehicle-to-grid operations from a battery technology and policy
perspective. Energy Policy 2018, 113, 342-347.

Peterson, S.B.; Apt, J.; Whitacre, J.F. Lithium-ion battery cell degradation resulting from realistic vehicle and vehicle-to-
grid utilization. J. Power Sources 2010, 195, 2385—-2392.

Thingvad, A.; Marinelli, M. Influence of V2G Frequency Services and Driving on Electric Vehicles Battery Degradation
in the Nordic Countries. In Proceedings of the EVS 31 & EVTeC 2018, Kobe, Japan, 1-3 October 2018; p. 20189132.

van Heuveln, K.; Ghotge, R.; Annema, J.A.; van Bergen, E.; van Wee, B.; Pesch, U. Factors influencing consumer
acceptance of vehicle-to-grid by electric vehicle drivers in the Netherlands. Travel Behav. Soc. 2021, 24, 34-45.

Geske, J.; Schumann, D. Willing to participate in vehicle-to-grid (V2G)? Why not! Energy Policy 2018, 120, 392—-401.

COM(2020) 798/3 Proposal for a New UN GTR on In-Vehicle Battery Durability for Electrified Vehicles; ECE-TRANS-
WP.29-GRPE-2021-18e; UNECE: Geneva, Switzerland, 2021.

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: Brussels,
Belgium, 2020.

Retrieved from https://encyclopedia.pub/entry/history/show/29227



