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GLOBAL REGULATION AND
TARGETS

Emissions and fuel regulations are the legal requirements governing air

pollutants released into our atmosphere. Globally, emissions and fuel

standards are becoming increasingly stringent, and are the driving force

behind the transformation of the automobile industry. Change is

occurring at both a city and national level, and is compelling

automakers to continually improve the fuel economy and efficiency of

their vehicles. 

 

Europe is committed to achieving a carbon-neutral economy by 2050

and is leading the way when it comes to carbon dioxide (CO2)

emissions. From 2020, the European Union (EU) will phase in a new CO2

limit of 95 g/km for passenger cars, monitored under real driving

conditions [1]. The new limits succeed the current 130g/km threshold.

The EU is already looking beyond 2020. In December 2018, CO2

emissions targets for new cars and vans post-2021 were confirmed [2]. 

 

Binding regulation will require manufacturers to achieve fleet average

CO2 emissions in 2030 that are reduced by 37.5% compared to 2021. An

interim target requires a 15% reduction in 2025 [2]. To achieve these new

targets, the EU is providing incentives for zero and low emission

vehicles (lower than <50g/km), with an emphasis on sales in regions

with low electric vehicle penetration.

 

The United States has established a CO2 limit of 97 g/km by 2025 [19]

and adheres to the US-EPA Tier 3 Motor Vehicle Emission and Fuel

Standards, implemented in 2017. However, on 2 April 2018, the

Environmental Protection Agency (EPA), signed a mid-term evaluation

final determination, that finds model year 2022-2025 greenhouse gas

standards are not appropriate and should be revised [3]. In addition, the

EPA has proposed to withdraw California’s waiver from the federal

Clean Air Act [3]. The waiver had enabled California to set its own LEV III

greenhouse gas (GHG) emission standards, that have also been adopted

by twelve states and the District of Columbia [3].

 

China fuel standards permit 117 g/km of CO2 by 2020. The most recent

emission standard, China 6, was released on 23 December 2016 for

standard light-duty vehicles and is loosely based on the Euro 6

regulation. India has a CO2 target of 114 g/km by 2021, and Japan, who

previously announced an 80 percent reduction goal for GHG emissions

by 2050 [4], is pursuing 122 g/km levels by 2020. 

 

Policies are needed for Japan to shift the needle to 2050, though Japan

is adopting more stringent emissions legislation and has officially

adopted WLTP and RDE [4].
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Many auto manufacturers have focused their efforts on

improving internal combustion engine (ICE) based

technologies, alongside an increasing share of plug-ins.

Industry experts have suggested ICE-based technologies

can achieve reductions in CO2 of approximately 50% from

today’s levels [5] and vehicle efficiency will continue to be

an important contributor to emissions control until 2030. 

 

However, as CO2 regulations continue to tighten, a

significant shift in the fleet mix is inevitable [5].

Electrification has been touted as the strongest CO2

emissions reduction driver for passenger vehicles [5].

Beyond 2030, ICE investments are likely to become

increasingly difficult.  

 

Despite stringent GHG regulations in Europe, 2021 CO2

fleet averages are projected at 122.9 g/km vs an overall

requirement of 114.7 g/km requirement (including super

credits) [6]. A substantial increase in battery electric

vehicle and plugin hybrid electric vehicle sales is required

to achieve the impending targets [5]. Fines of up to 14

billion Euro or 800 Euro per car should provide sufficient

motivation to boost the volume of alternatively powered

vehicles prior to the 2021 deadline. 

 

Individual countries and regions have initiated a variety of

targets, incentives, regulatory and tax initiatives to

stimulate the sale of electric vehicles. 

 

China and California are currently the only locations with

mandates on EV volumes [5]. In September 2017, China

issued the “Management of Average Fuel Consumption of

Passenger Vehicle Manufacturers and New Energy Vehicle

Credits System”. The credit-based system imposes a 10%

new energy vehicle (NEV) carbon credit in 2019, rising to

12% in 2020 and 15-20% in 2025. Percentage values are

based on credits, not NEV sales. A single NEV sale may

generate multiple credits. A 10% carbon credit in 2019 is

estimated at 3% share of NEV [5].

 

The scheme is similar to the zero-emission vehicle (ZEV)

program promulgated in the United States. The California

state regulation requires a 22% ZEV credit requirement in

2025, which corresponds with an estimated 8% of sales to

be ZEVs. The ZEV program has also been adopted or

proposed in several other US states. Only China’s mandate

comes with significant reprisals. OEMs failing to achieve

required carbon credit goals could lose their license to

produce or import traditional cars [5].

 

Many countries have announced aspirational goals around

EV adoption. Though, some have taken it a step further.

Norway has announced a ban on the sale of conventional

ICE cars from 2025 [9] and the Netherlands parliament has

also announced a potential ban on non-electric cars in the

same timeframe. The German federal court (Bundesrat) has

passed a resolution to ban ICEs by 2030, mirroring plans by

France to ban sales of gasoline and diesel cars. 

 

China, which currently mandates the use of only electric

mopeds and scooters, has also highlighted a future ban on

ICE only vehicles but is yet to specify a date. A proposed

ban on the sale of ICE vehicles has been tabled in the

California State Legislature, with a start date of 1 January

2040.

ELECTRIC  VEHICLE
INCENTIVES  AND GOALS
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BATTERY TECHNOLOGY
UPDATE

OEMs are responding to tighter regulations and targets, with a surge in new EV models

anticipated over the next 5 years [7]. However, battery performance and availability are

still key considerations for EVs in matching their ICE counterparts.

 

The earliest EVs used lead-acid batteries, until the arrival of the General Motors EV-1 in

1999 [8]. The batteries offered a limited range, long charging times and high costs.

Lithium-ion batteries are now the battery of choice and are gradually delivering

improving ranges and faster charging times.

 

High battery costs, a long-term handbrake on the uptake of electric vehicles, are

coming down, faster than many projections. Prices are expected to fall from today’s

peak level of $176/kWh to $87/kWh in 2025 and $62/kWh in 2030 [10]. A reduction in

battery costs will contribute to an expected price parity between EVs and ICE in the

mid-2020s in most segments.

 

Off the back of growth in EVs, lithium-ion battery demand is expected to pass 1,748

GWh annually by 2030 [10]. Earlier concerns around raw material supply seem to have

been somewhat allayed. Modest EV forecasts show surplus lithium and cobalt through

2023-2025 [5]. While cobalt was previously thought to be the most challenging raw

material, nickel is now most critical - with a projected nickel shortage of approximately

~20% in 2030 [5]. Significant cobalt, lithium, and (especially) nickel mining capacity

expansion is required to meet growing demand. 

 

A typical EV requires 35kg lithium, 25kg nickel and 12kg of cobalt per car. By 2030, this

is likely to switch to 40kg lithium, 50Kg nickel, and 5kg of cobalt [11]. High nickel

battery chemistries are expected to grab a growing share of the market over the next

decade [5]. Silicon anode materials are also entering the market [5], enabling faster

charging. 

 

Solid electrolytes are cited by many as the future, though solid-state batteries are

potentially a decade away from mass production. In the meantime, expect continuous

improvements in energy density from battery technology. Today, leading batteries

administer 800 Wh/litre and 275 Wh/kg of energy density [5]. From a capacity

perspective, China is driving the global battery market. Europe is the second-largest

manufacturing region.

 

Perhaps the most critical enabler of EV growth is improvements in battery charging

speeds. While fast charging (~300 km in 15 minutes) is emerging, it remains very

onerous today [5]. For the 50% of consumers without home or work charging, charging

needs to be as convenient as gasoline [5]. Those with access to home charging are

likely to adopt EVs at a much faster rate. 

 

A lack of infrastructure is also a fundamental issue in the continued growth of electric

vehicles, though a patchwork of solutions is emerging.
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The global vehicle population is approximately 1.2 billion.

By 2035 it is projected to reach 2 billion [12].  Estimates,

based on government announced plans, suggest ICE-

powered cars will continue to grow for decades and will

temper the impact of new technology penetration into the

fleet.

 

Currently, EVs only account for 0.5% of the total vehicle

fleet [10]. However, momentum for electrification is

building among OEMs. In 2018, sales of plug-in EVs

exceeded 2.1 million, a 64% increase from 2017 [13]. Battery

electric vehicles accounted for 69% of EV sales, with 31%

plug-in hybrids [13]. The total fleet of EVs now exceeds 5.1

million [20].

 

Despite this obvious momentum, there is little consensus

on the future growth of EVs. Estimates range from less

than 20% to over 60% in 2030 [5].  BloombergNEF’s annual

long-term forecast of the world’s electric vehicle market

predicts global passenger EV sales volumes will rise to 10

million in 2025, 28 million in 2030 and 35 million by 2040

[10]. The company expects 57% of all passenger vehicles

sales, and over 30% of the global passenger vehicle fleet,

will be electric – a total of 500 million personal and 40

million commercial EVs [10].  

 

The Outlook reinforces the inherent difficulties in

electrifying long haul, heavy-duty trucks, and suggests

alternative energy vehicles, such as natural gas and

hydrogen fuel cells, will play a role in improving

the sustainability of the heavy-duty fleet.

 

Electric Vehicle Projections presented by Lubrizol

Consumer & Market Insights’ Tom Weyenberg offers a

differing school of thought. A gradual growth scenario -

that is “fairly aligned” with ExxonMobil, BP and OPEC - 

predicts an approximate 15 percent penetration of electric

vehicles by 2040. The scenario balances EV penetration

against policy pragmatism, battery costs and consumer

demands. A more aggressive growth forecast requires

strong government incentives and policy support.

 

While there is considerable disagreement on numbers,

mainstream forecasts are trending upwards from earlier

reports due to falling battery prices, and greater model

availability. 

 

In China, aggressive policy on new energy vehicles (NEV)

has seen sales volumes climb almost 62% to 1.3 million in

2018 [21]. The region continues to be streaks ahead on EV

sales in all segments and will account for 48% of passenger

EV sales in 2025, 34% in 2030 and 26% in 2040 [10].

However, the global powerhouse has suffered a protracted

decline in its overall automobile market, and with NEV

subsidies disappearing completely by the end of 2020 [22],

there is uncertainty around the impact this will have on EV

volumes. Currently, cars with a range of over 400km enjoy

a 25,000 yuan subsidy, down from 50,000 [22].

 

Europe has experienced more moderate EV growth, with

limited inventories, long waiting lists for popular models

and the run-out of high-selling PHEVs all impacting

volumes [13]. Ever tightening fuel economy regulations and

domestic manufacturers committing to EVs will likely see

the region surpass the United States as the number two EV

market in the 2020s [10]. In terms of market share, Norway

continues to lead the way in Europe, and indeed the world.

EV sales in the Nordic region accounted for 47% of light

vehicle sales in the first half of 2019 [13]. Iceland (17.5%) and

Sweden (7.2%) sit second and third respectively. 

 

The United Kingdom (UK) was the only top tier European

market to contract in 2019, following the loss of subsidies

for plug-in hybrid EVs and a GBP 1000 lower subsidy for

battery EVs than the previous year [13]. Neighbouring

Ireland, on the other hand, becomes the fastest-growing

plugin market in Europe in 2018 [13]. 

ELECTRIC  VEHICLE
STAT IST ICS
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Sales of EVs in the United States (US), while steady,

have been somewhat underwhelming. In 2018, the US

started to break the shackles with total EV sales of

361,307, up 81% on the previous year [14]. While the

numbers look promising, they are also deceiving. 

 

The strong showing is almost solely thanks to the Tesla

Model 3, which sold 139,782 units. 50% of total plug-in

vehicle sales last year came from Tesla’s range. If you

remove the Model 3 from US EV volumes, sales

increased a far less impressive 11 percent [14]. Though,

investments by many US automakers are expected to

start to take hold in the coming months.

 

Elsewhere in Asia-Pacific, electric cars have been

slower to gain traction, delivering a globally

fragmented auto market. Two and three-wheeled

vehicles are the more attractive option for

electrification in India and Southeast Asia in the short-

term. There is an expectation of significant adoption of

EVs by Japan, South Korea and Australia by 2040, with

EVs representing 63%, 52% and 61% of passenger

vehicles sales respectively [10]. 

 

Overcoming EV charging barriers, technology

innovation and increased government policies is crucial

to faster adoption over the next two decades.

 

Typically, hybrid EVs have been a stepping-stone

vehicle, offering improved environmental performance

while eradicating concerns around vehicle range. There

has been a profound shift towards pure EVs in many

markets. Plug-in hybrid EVs have lost volume for the

first time in Europe [13]. 68% of plug-in sales in Europe

year-to-date were all-electric, up from 51% in the first

half of 2018 [13]. Changes to WLTP testing has

impacted CO2 ratings of plug-in hybrid EVs and

reduced green car incentives of some hybrids [13].
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In the next quarter-century, billions of people will join the

global middle-class and unlock access to travel, more

cars, and increasing commercial activity. Global

transportation-related energy demand is projected

to increase by close to 30 percent [15]. Though,

improvements in fleet economy and the growing numbers

of electric cars will keep overall liquids demand for light-

duty vehicles relatively flat to 2040 [16]. 

 

Declines have mainly been attributed to improvements in

fuel efficiency, with hybrids and EVs playing a smaller

role. However, it is worth noting that recent consumer

preferences have slowed improvements in fuel efficiency

of new vehicles sales. A reduction in oil demand for

passenger road transport is expected, even as the global

motorisation rate continues to increase. Passenger vehicle

oil demand has been forecast to peak in 2028 and

commercial vehicle oil in 2035. 

 

A McKinsey study [23] claims the traditional lubricant

industry will change completely, and road transport

demand could peak in the next five years. Reassuringly for

lubricant manufacturers, non-transport and industry

consumption, the largest contributor to lubes demand, will

continue to grow steadily and more than account for

declines in transport demand. 

 

As with EVs themselves, there is a wide range of

projections on motor oil demand. The passenger car motor

oil (PCMO) market has been projected to drop 13% from a

2040 baseline if all government announcements are

realised [12]. Though, estimates range from a 9% fall to a

54% drop in the lowest and highest projections [12]. 

Higher-margin synthetic lubes are expected to expand

sharply to achieve a 70 percent market share by 2035 [23].

The McKinsey ‘base case’ projects the global lubricants

value pool will grow by 44 percent by 2035 – fueled by

increasing penetration of higher-margin branded or

advanced products, and growth in demand from industry. 

 

Asian non-Organisation for Economic Co-operation and

Development (OECD) countries, China included, will offer

the fastest growing and largest value pool through a

combination of volume growth and higher margins.

Emerging markets have been projected to grow at 3

percent annually [23], three times the rate of developed

countries. Despite an imminent drop in lubricant volumes

for road transport,the outlook remains generally positive in

the near to mid-term. 

 

Though, several disruptions have been identified that could

impact volume growth and threaten profitability such as

green regulation, battery technology advancements and

industry consolidation [23]. EVs and ICEs are projected to

achieve cost parity in 2025, although the early achievement

of this milestone could have a notable impact.

LUBRICANT IMPACTS OF
ELECTRIC  VEHICLES
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LUBRICANT CHALLENGES
& OPPORTUNIT IES

The most impactful change for lubricant businesses with the advent of

electric vehicles is a decline in engine and gear oil. A four-cylinder

engine usually requires around five quarts of oil. However, crankcase

oil disappears completely in a full electric vehicle. While hybrid EVs

continue to require crankcase lubricants, they are likely to involve

specialist requirements due to different operating conditions. 

 

EVs with gearboxes use transmission fluids to lubricate the motor

bearings. Reductions in gearbox oil are anticipated due to simpler

gearbox constructions [17]. High rotational speeds and high torques

create durability problems in electric vehicles. Gearboxes may need to

be torque-limited to prevent gear wear [8]. EVs endure high torque at

near-zero engine speeds [12] and will require wear, scuff and friction

protection with low viscosity oil and aeration control at higher speeds

[12]. Engine oils and gear oils will see a significant dip in 2025 [17].

 

Little change is anticipated for automotive greases in the short term

[18], however, there is no denying the long-term impact. Several grease

applications will become obsolete, such as center bearings, high-

speed CV joints, Hooke’s joints, and sliding splines in the driveshafts.

Accessory drive bearings in the water pump, engine cooling fan

bearings, alternator, and belt tensioner pulley bearing will also no

longer be required [18]. Greases for starter motors are also impacted. 

  

Many enduring applications will have greases added only at assembly

[8], and may also require modification. For example, if CV jointed side

shafts are installed at low angles, low friction greases are no longer

needed [18]. Smaller, thinner-walled CV joints could also be employed

as there is no risk of shock loads [18]. 

 

While some greases disappear or require changes, new grease

applications are sure to arise. Yet, there are still many unknowns.

Greases that affect vehicle range will need to be optimised for

efficiency and long life. Low noise greases will become standard; and

durability, conductivity/resistivity are key considerations [12]. 

 

The behaviour of fluid chemistry under the influence of electric

currents and stability in electromagnetic fields are of concern [19]. Low

oil conductivity in lubricants can lead to static build-up and electrical

arcing in oil. High conductivity can result in leakage of current and

short circuits. 
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Electric vehicle engines can become extremely hot yet

require a much lower target cooling temperature [1] for

efficient operation (45 degrees Celsius versus 100-120

degrees Celsius for an ICE). Permanent magnet motors are

temperature limited, and induction motors can experience

temperature excursions [8]. Coolant pumps and motor

bearings require thermal fluids rather than anti-freeze, and

there will be a need for cooling circuits for electric drive

motors and temperature control circuits for batteries. 

 

New applications for battery cooling and cooling

lubricants are sure to arise and must possess the

appropriate thermal transfer properties, and oxidative

stability [12]. Additional cooling is dependent on the

battery technology used by automakers, and there is

currently no industry standard [1].

 

The presence of more copper wires and windings, and

new advanced polymer materials of construction raises

further compatibility issues. Consideration also needs to

be given to corrosion protection, high-speed bearing

protection and elastomer (seals) compatibility [12]. 

 

Currently, OEMs are predominantly using standard

lubricants for hybrids. This is likely to change moving

forward with increasing sales and extended battery ranges

[12]. 

Key concerns for hybrid electric vehicles are water and fuel

dilution [12] – giving rise to corrosion, emulsions and oil

degradation -  and wear from start/stop operation and oil

thinning.

 

Hybrid vehicles require anti-corrosion additives, anti-

emulsifiers, dispersants, optimised detergent systems, anti-

wear additives and friction modifiers. The cooler

temperatures also have implications for chemical activation

and may require a rebalancing of anti-oxidants, secondary

zinc and other additives [12].

 

It is not only in the vehicle’s operation where lubricants are

impacted. A transition to more lightweight materials,

including aluminium, thermoplastics and CFK17, as well as

optimised geometry of parts, results in less machinery

requirement and allowances, and a reduction in

metalworking lubricants, such as forming lubricants and

corrosion preventives.    

 

While it may seem like doom and gloom for automotive

lubricant manufacturers, the EV evolution will present new

opportunities and will require close collaboration among

OEMs, lubricant, basestock and additive manufacturers to

deliver new and design -specific driveline lubricants [1].
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