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EV vs ICE Vehicles: When to Expect Robust Competition?

high oil prices and increasing environmental awareness have been 
the key drivers underpinning the evolution of the contemporary 
electric vehicle industry. however, as the low oil price cycle 
commenced about 18 months ago, the electrically propelled 
transport development pace has somewhat slowed. In the usA, 
electric vehicle sales declined last year for the first time since 2010. 
The European market displayed a 50% fleet growth in 2015 as fuel 
prices declined at a slower rate (due to growing demand and high 
tax burden).

China experienced a more than threefold growth in the electric vehicle 
fleet in 2015, which allowed the country to become No. 1 in global 
sales, overlapping the us. since China has been setting the rate of 
worldwide oil consumption growth over the last decades, success or 
failure of electric vehicles in this country could decide the global 
market’s fate.

the major obstacle to the mass proliferation of electric vehicles is their 
high price, which is several times higher than what a conventional 
vehicle of similar specification would cost. At present, significant 
fiscal benefits and subsidies help EV to survive price competition. 
however, many countries today discuss plans to curtail or even phase 
out their subsidy programs, which might seriously affect electric 
vehicle sales.

EV key price elements that prevent it from being competitive versus 
conventional ones are the battery and the powertrain (i.e. power and 
charging electronics). Average battery cost, despite many projections, 
have been reduced from us$1000/kW*h in 2009 to us$460/kW*h 
in 2015. As technological gains (cost of materials reduction) and 
producing scale effect comes on stream, we expect battery cost 
will continue to decline to US$250/kW*h by 2020.

Given the current technical and price parameters, the 5-year cost 
of ownership differential between all-electric nissan leaf and 
conventional nissan Versa note in the us exceeds us$5 thousand, 
even allowing the subsidies of over us$10 thousand. In our baseline 
scenario, however, the mass segment electric vehicle cost of 
ownership will be lower than for gasoline car in 2020 (assuming 
battery cost drop to us$250/kW*h and us$60/bbl oil price). 

eXeCutIVe suMMArY
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today we are witnessing revaluation of crude oil’s future role in the 
global economy: the paradigm of continuously growing demand for oil 
is changing. over the last 12 years, International Energy Agency (IEA) 
has consistently reduced the global oil demand for 2030 (see Fig. 1). 
Whereas in 2004, the agency assumed that in 26 years it would be 
necessary to produce about 116 mbd to satisfy global demand, today 
the future demand estimates have become more modest (by quarter).

 

Source: IEA, VYGON Consulting

Fig. 1. IEA new policies scenario global oil demand for 2030 (by forecast release year)
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Given the global oil demand of 92.4 mbd in 2014, IEA expected 
insignificant growth to 94.5 mbd by 2030, which effectively means 
that consumption would stagnate over a 16-years horizon. such 
a forecast looked reasonable assuming oil price about us$100/ bbl1. 

last year, at an average oil price of us$52/bbl, was the highest demand 
growth over the recent five years (+1.6 mbd); global consumption 
amounted to 94 mbd in 2015. At the same time, according to IEA’s 
most recent long-term projections made during the low price period, 
oil demand will be at 92.9 mbd in 2030 in new policies scenario. 

1  WEo was published in early november 2014, while the price decline commenced 
in June 2014.

INTRODUCTION
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thus, oil demand is expected to decline in the longer term, though, 
as a rule, low prices should support oil demand. If we look at IEA 450 
scenario2, world’s oil consumption will decline to 80 mbd by 2030 
(-15% vs current demand). 

Source: IEA, VYGON Consulting

Fig. 2. Year-on-year change in oil demand in transportation and other sectors
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so what could cause a turnaround in the oil demand? For many years, 
transport segment has been the key driver underpinning the global oil 
demand growth as it accounts for up to 65% of final oil consumption. 
on many occasions, while demand for petroleum from industry and 
petrochemistry stagnated, transportation demand for gasoline and 
diesel eventually caused annual global oil consumption growth.

Automotive vehicles account for 75-77% of oil products consumption 
in transport segment, or 50% of final oil consumption. Thus, the 
prosperity of this sector will determine much of the future demand 
for oil. 

2  450 scenario sets out the goal of limiting the global increase in temperature to 
2°C by limiting concentration of greenhouse gases in the atmosphere to around 450 parts per 
million of Co2 by 2100.
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this year, the gasoline-fueled vehicle celebrates its 130th anniversary. 
In 1886, Carl benz was granted patent no. 37435 for “gasoline-fueled 
vehicle“3 in respect of his benz tricycle no. 1. the fuel tank capacity 
was only two liters, enough to carry the vehicle for 16 km. the 
vehicle’s top speed was only 16 km/h. over almost 150 years, the 
internal combustion engine (ICE) vehicle has changed in all respects, 
from exterior to top speed, and only fuel preferences remained. this 
domain has not been entirely without change, either: vehicles have 
become more affordable and cleaner.

In our view, the factors given below provide evidence that the auto 
industry’s oil sector will remain under attack, which eventually will 
cause a drop in demand for oil products in the automotive sector:

• Anticipated decline in fuel consumption rate in both passenger 
and freight segments;

• Continued urbanization and development of web technologies 
(mileage reduction);

• Government support of alternative fuel programs (fuel gas, 
biofuel);

• Government and private initiatives aimed to abandon vehicles 
with gasoline- and diesel-fueled internal combustion engines;

• Changing millennium generation lifestyles (the Kuruma 
banare phenomenon, i.e. abandonment of cars in favor of the 
Internet);

• Evolution of hybrid and electric vehicles.

the last factor is the subject of this study. We will discuss plug-in 
electric vehicles (pEV), which include “pure” electric vehicles propelled 
by the energy of a battery (battery electric vehicle, or bEV) and plug-in 
hybrids, i.e. hybrid vehicles with a plug-in charging capability (plug-in 
hybrid electric vehicles, or phEV).

3  Benz Patent Motor Car, the first automobile (1885 – 1886) - http://www.daimler.
com/company/tradition/company-history/1885-1886.html
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the end of 2015 designated remarkable shifts in the global EV market 
and ended the first five-year period of mass early model sales in the 
us and Europe. today, about a million and a half plug-in EVs already 
travel all over the globe. Virtually all major automakers, once focused 
on ICE vehicles, are now out for at least one electrically propelled 
model in their portfolio. Every year, about 10 new EV models hit the 
market. Nissan, Chevrolet and Tesla already offer all-electric model 
ranges. In the recent 2 years, we have seen brand new EV producers 
mostly in the luxury segment, such as bmW, mercedes, Audi.

Table 1.  
Evolution of PEVs model range offered by the international leading automobile manufacturers

2010-2011 2012 2013 2014 2015 2016-2018

9
16 24 32 39 51

Nissan Leaf bYD e6 Fiat 500e bmW i3 tesla model x
Chevrolet 

bolt

Chevrolet Volt Ford Focus Electri
Ford C-mAx Energi 

phEV
bmW i8

mercedes 
s550e

Volvo xC90 t8

bmW Active E tesla model s
Ford Fusion Energi 

phEV
Cadillac Elr

bmW x5 
xDrive 40e

Volvo s90 t8

smart Fortwo
toyota prius plug-

in hybrid
smart ED

honda Accord 
plug-in hybrid

hyundai 
sonata phV

hyundai 
IonIQ

tesla roadster toyota rav-4 EV Chevrolet spark EV
mercedes 

b-Class ED
mercedes 
s550 phV

bmW i5

mitsubishi i-miEV renault Zoe
porsche panamera 

s-E
Kia soul EV Volvo xC90

Volkswagen 
tiguan GtE 

phEV

Fisker Karma honda Fit EV Cadillac Elr VW e-Golf
Audi A3 
Е-tron

Citroen 
E-mehari

CoDA
Aston martin Db9 

phEV
porsche 

Cayenne s-E
Aston martin 

rapid E

Citroen С-Zero tesla model 3

Audi e-tron 
Quattro

nissan IDs 
Concept

Apple titan

source: Company data, VYGon Consulting

eLeCtrIC VehICLes 
toDAY

FLEET EVOLUTION



VYGON Consulting

March 2016         EV vs ICE Vehicles: When to Expect Robust Competition?

8

historically, development of new EV models and the rising interest 
towards them were incentivised by local peaks in the demand 
for oil and, consequently, high oil prices. this actual period of EV 
development has been so far much more effective than the previous 
ones (1899-1939, 1992-2002)4. this is partly due to the fact that 
a good portion of this coincided with the long period of extremely 
high oil prices that lasted from early 2000s to mid-2014.

In recent 18 months, due to falling prices of oil and oil products, 
electric vehicles have lost some of their attractiveness. In the us, for 
example, gasoline cost reduction from us$3.5 to less than us$2 per 
gallon caused annual EV sales drop for the first time in the last five 
years (from 123,000 vehicles in 2014 to 116,000 in 2015 or -6% 
change). Given an average us annual mileage of 15,000 miles, nissan 
note fuel costs decreased by us$650 to approximately us$1,000 
a year, whereas electricity costs in relation to a similar electric model, 
nissan leaf, exceeded us$500 a year. 

 

  *  sales in March through December 2014-2015 
**  prices indicated for basic models

Source: InsideEVs Monthly Plug-In Sales Scorecard, VYGON Consulting

Fig. 3. Top-10 EV model sales in the US in 2015 vs 2014 and its prices**
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4 For more info on the history of electric vehicle industry development see 
E. Savchik, M. Belova “Is gasoline era about to finish?”, Neft Rossii (Russian Petroleum) No. 
6, 2014 (in russian).
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As a result, 5-year cost of ownership gap between electric vehicle and 
its ICE counterpart increased from about us$2.2 to 5.4 thous. in favor 
of the latter. notably, the highest sales drop in 2015 was mostly in 
the mass segment, for which cost of ownership is the decisive factor.

In other Electric vehicle Initiative (EVI) member countries5 (Europe 
mostly), last year’s electric vehicle sales have grown 50% year-on-
year due to smaller gasoline and diesel price sensitivity to oil price 
drop (predominantly due to growing demand and high excise tax)

* excl. USA, China, Japan and South Korea

Source: Country statistics, VYGON Consulting

Fig. 4. Cumulative EV and PHEV sales in main EVI member countries* 
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In Germany, for example, taxes account for about a half of diesel 
fuel price. thus, despite the considerable drop in crude oil prices, 
diesel price dropped by just 20%, from Eur 1.4/liter in January 2014 
to EUR 1.1/liter in January 2016. This insignificant price change did 
not cause a turnaround in electric car sales upward trend: in 2015, 
23,500 e-vehicles were sold in Germany vs 13,300 in 2014 (+77%).

 

5 the Electric Vehicle Initiative is an inter-governmental forum that focuses on 
expedited adoption of electric vehicles worldwide. the Initiative was launched in 2010 as part 
of the Clean Energy ministerial, and at present includes 17 member countries. the goal of this 
Initiative is to achieve a global electric vehicle fleet of 20 mn vehicles by 2020, including battery 
electric vehicles and plug-in hybrids.
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besides the oil price decline that makes ownership of ICE vehicle 
a more attractive option, high vehicle price today remains the most 
significant constraint to further EV fleet growth. In the next several 
years, it is expected that prices for most EV models will become 
competitive with traditional autos, which is promoted by both current 
and anticipated expansion of EV model ranges and economies of 
scale. 

New vehicle affordability will improve in line with battery capacity 
and mileage per charge, respectively. For example, base price for 
a new electric Chevrolet bolt in the usA will be us$375 thousand, 
of which us$7.5 thousand is deductible for federal tax purposes 
(see “Government support Falling out of Fashion?” section for more 
details on the us Government’s promotion of electric vehicles). the 
model is scheduled to be launched in late 2016, it will be equipped 
with a 60 kW*h battery and will have up to 322 km mileage per charge. 
In contrast, current bestsellers, nissan leaf and bmW i3, with driving 
ranges of just 130-170 km, are available on the us market for us$34 
and 42 thousand, respectively.

In 2017, Tesla’s first mass market electric vehicle, Model 3, will hit 
the market; this car specs are similar to Bolt and companies’ previous 
model s, but is expected to cost just us$35 thousand. besides, in 
2018 several luxury models will enter the us market, the most 
expected ones being Audi E-tron Quattro, Aston martin rapid E and 
Apple titan. 
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Apparently, expansion of the EV model ranges by international 
automobile manufacturers promotes further price affordability. 
however, charging station infrastructure accessibility and scalability 
in line with the growing demand for electric vehicles remains crucial.

Already in 2013 electric vehicle supply equipment (EVsE) infrastructure 
was assumed to be one of the largest barriers to the EV mass 
deployment, however, current rate of charging station construction 
globally is impressive. by 2020, EVI member countries plan to build 
about 2.4 million slow chargers (without household chargers) and 
6,000 DC fast chargers (see “Charger types” box).

Japan has the most ambitious plans - 2 million slow chargers and 
5,000 fast ones. According to IEA, the number of charging stations 
in this country amounted to 11,500 in 2014 (world’s 4th largest), but 
together with home charging docks their number is close to 40,0006, 
by 6,000 more than conventional gas station network (34,000).

* counted by the number of EV charging outlets rather than charging stations

Source: IEA Global EV Outlook 2015, VYGON Consulting

Fig. 5. Number of charging stations* in 2014
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6  Japan has more Car Chargers than Gas stations - http://www.bloomberg.com/
news/articles/2015-02-13/japan-has-more-car-chargers-than-gas-stations-carbon-climate
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In 2014, us established almost 22,000 charging stations. According 
to the us Department of Energy7, about 150 new stations come 
on stream every week (the majority of them were launched under 
a program administered by DoE). by the issue date of this study, the 
number of EV charging stations in the us already exceeded 30,000. 
In contrast, there are about half a million gas outlets in the us and 
about 120,000 in russia.

In the private sector, infrastructure development is driven by 
electricity producing companies, gas-filling enterprises, as well as 
automobile manufacturers themselves. tesla has been the most 
successful player, by the end of 2015 it installed about 260 fast 
charging stations8 (so-called superchargers) (see “Charger types” 
box), which take just 20 minutes to recharge the battery. bmW in 
cooperation with EVgo develops a similar charging infrastructure, 
at present they have already installed 100 DC fast chargers across 
us and intend to grow output by another 500 stations in 2018. the 
program participants get the bonus of 24 months free charging. 

Currently, there are no long-term charging infrastructure development 
programs at the federal level, many initiatives that expired in late 
2013 were not extended. At the same time, the us Department 
of Energy every year extends tax credit for EVsE installation (the 
current initiative is in effect until the end of 2016). The credit covers 
up to us$1,000 for consumers purchasing level 2 charger (240V) or 
30% tax reduction or up to us$ 30,000 for businesses. the cost of 
infrastructure development projects is steadily decreasing. Average 
fast-charging station cost is around us$50-100 thousand (similar to 
a cellular communication station). 

Notwithstanding the continuous growth of electric vehicle fleet, there 
are certain barriers to vast charging station network adoption. unlike 
conventional gas station operators, which are private companies, 
EVsE operators lack any distinct business model. Installation costs 
do not pay back due to insufficient demand (small EV fleet), so that 
such projects rely heavily on government subsidies to be profitable.

the key issue today is lack of common standards for charging 
stations: in many cases, different EVs cannot be plugged into the 
same outlet. standardization boards on international and state 
level try to resolve the problem, but progress is hindered by a great 
diversity of national standards. 

Wide range of electricity distribution standards to end consumers 

7  u.s. DoE Alternative fuels data center - http://www.afdc.energy.gov/fuels/
electricity_locations.html 
8  or 1.5 thousand EV charging outlets.
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(from 0.5 kW*h to 50 kW*h) and requirements to current (from 20A 
to 200A), make chargers to match this diversity. numerous plugs for 
level 1 stations exist in different countries (see “Charger types” box).

the situation is somewhat better for level 2 and 3 stations, as there 
are less plug types, but their compatibility is still a problem. to 
date there is no international standard for electric or mechanical 
interfaces of charging stations or electric vehicles, as well as common 
identification and payment system.

In may 2012, eight major European and American auto manufacturers 
(Audi, bmW, Chrysler, Daimler, Ford, General motors, porsche, 
Volkswagen) announced their intention to use a general standard, 
Combined Charging system, for all electric vehicles they produce. this 
plug type allows charging in four modes envisaged by IEC 62196- 2: 

• slow charging via domestic socket;

• slow charging via domestic socket using cable with integrated 
safety device;

• slow or fast charging via a special socket with a charge control 
and safety function;

• fast charging from an external charging device.

therefore, an electric vehicle equipped with a Combined Charging 
system plug may be connected to any network or charging station. 
the introduction of the standard is scheduled for 2017.
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since 2009, virtually every European country and every us state 
started to implement ambitious programs to promote electric 
vehicle sales. there is a strong correlation between the government 
fiscal initiatives and electric vehicle sales volumes. More recently, 
however, some countries offering the most generous subsidies and 
fiscal benefits have been increasingly signaling potential revision 
or even phase out their direct subsidy programs. At the same time, 
there are concerns that such actions would negatively affect sales, as 
government support remains the primary mean of reducing electric 
vehicle total cost of ownership (tCo).

GOVERNMENT SUPPORT 
FALLING OUT OF FASHION?

CHARGING TYPES 

Level 1: Level 1 EVSE provides charging through standard 110V or 220V domestic AC plug and 12–15A charging 
current in the us. this charging system requires minor additional installation to meet the requirements of the national 
Electrical Code. Generally, no additional charging equipment is required. 

level 1 typically is used for charging when there is only a minimum voltage outlet available. based on the battery 
type and vehicle, this type of charger adds about 2.0 to 5.0 miles of range (or 3.2 to 8.0 km) per hour of charging time.

Level 2: Level 2 EVSE offers charging through a 240V AC plug with charging current of 12–80A in the US. In Europe, 
level 2 EVsE operates from a 380V AC plug. level 2 EVsE requires installation of charging equipment that costs around 
US$1,000–1,500.

240V electrical service is available in most households, so that the e-vehicle can be charged overnight. level 2 EVsE 
uses the same plug as level 1. Depending on the vehicle type and available capacity, level 2 charging adds about 10–20 
miles of range (or 16–32 km) per hour of charging time. 

levels 1 and 2 chargers are slow charging systems. potentially, all individual houses are overnight charging stations 
(in the us, available to about 60% of population).

Level 3 (DC fast charging): DC fast-charging EVsE assumes charging from a DC network with a 400V or higher input. 
Fast charging stations are most commonly installed along major highways. A DC fast charger can add 60 to 80 miles 
of range (approximately 100–130 km) to a PEV in 20 minutes.
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*  Cumulated recurring benefit for a time period of five years

Source: Amsterdam Roundtables Foundation "Electric vehicles in Europe: gearing up for a new phase?", VYGON Consulting

Fig. 6. Government subsidies in relation to electric vehicle purchase and ownership
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Figure 7 illustrates cost of ownership for renault Zoe and its 
conventional counterpart, renault Clio, in some European countries 
offering different EV promotion measures.

In norway VAt, one-time registration tax and ownership taxes 
account for more than 40% of total cost of vehicle ownership. In the 
case of electric vehicles, consumer gets zero taxes plus one-time 
bonuses of us$12.8 thousand, which makes EV directly competitive 
vs renault Clio. French Zoe gets a one-time bonus of about us$7 
thousand, which offsets higher VAT, while cheap electricity brings 
considerable fuel cost savings, so that electric vehicle loses just 
us$700 to Clio.

Germany is an example of the weakest government support for 
EV, for this reason a German Zoe is less attractive to customers. 
The only benefit applicable in Germany is the road tax exemption, 
granted to electric vehicles for 10 years since registration. As a result, 
EV accounts for mere 0.2% of all new vehicle sales. the current 
government policy is focused on supporting r&D, which in the longer 
term could bring technologically mature models to the market, but 
hardly stimulates consumer demand.

At the same time, the government does not give up attempts to reach 
the previously announced goal of one million electric vehicles by 2020 
(from a baseline fleet of 50 thousand vehicles at the end of 2015). 
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Current government-level discussions promote introduction of a one-
time electric vehicle purchase subsidy of up to us$5.5 thousand, as 
well as expansion of the charging station network. this will cost 
the federal government us$2 billion. Assuming the subsidy comes 
online, the TCO difference between Zoe and Clio models may shrink 
by half, to less than us$4 thousand.

 

* In France electric vehicle base price includes EUR 6,500 one-time bonus (ca. US$ 7,200)

Source: The International Council on Clean Transportation (ICCT) 2014, VYGON Consulting

Fig. 7. Evaluation of total cost of ownership for Norway, France and Germany
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Norway offers the most generous EV subsidies out of all EVI member-
countries. under the Electric Vehicle sales promotion program, in 
action since 2012, zero-emission vehicles are exempt from VAt 
and road tax, which account for about a half of final vehicle price. 
Furthermore, they are exempt from road, bridge, tunnel tolls and 
ferry charges, enjoy free parking, charging and access to bus lanes.

Electric car financial subsidies taken by the Norwegian parliament 
were initially to be in effect until 2018 or once the country reaches 
a specific penetration rate of 50,000 EVs. As a result, the number 
of registered electric vehicles and plug-in hybrids exceeded 55,000 
already in the first quarter of 2015. By the end of 2015, the country’s 
“electric” fleet totaled 80,000 vehicles, however, by the time this study 
was issued, norway has not yet repealed the respective government 
support programs. 
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today, one out of 5 new vehicles sold in norway are electric. In 
many cases, vast financial incentives reduce the electric vehicle 
cost of ownership to a level below the ICE car tCo. but once the 
government incentive program is wound up, will electric vehicle 
remain competitive there?

During the last 3 years norwegian government spends around 
us$400-533 million annually, while many norwegians refer to this 
program as a “subsidy for wealthy buyers”. the rising number of EVs 
on the road led to complaints on growing congestion in bus lanes. 
Moreover, road, tunnel, ferry and bridge operators suffer enormous 
losses, while new infrastructure projects turn out to be unprofitable: 
according to the government estimates, their losses could amount 
to us$40 million in 2015.

Rolling back fiscal incentives is actively debated at the moment. 
For example, secretary General of the norwegian Electric Vehicle 
Association contends that core incentives should survive at least until 
2020, otherwise sales will plummet. nonetheless, the government 
agreed to prolong tax exemptions until the end of 2017. VAt and 
registration tax benefits will be cut by half from 2018 with the gradual 
phase out after 2020. Also Norwegian Government decided to pass 
control of parking, charging and bus lane use issues to the local 
authorities of each county.

hence, the matter of how far electric vehicle price will drop and 
whether it will be able to compete with ICE cars without direct 
subsidies is sure to come into focus in a few years. norway’s new 
goal is 200,000 EV fleet by 2020 (7% of total car fleet) and this target 
appears achievable.

Likewise, the Netherlands, where electric car fleet reached 80,000 
vehicles by the end of 2015, are considering curtailment of their tax 
benefits, and the respective decision may be implemented already this 
year. At present, the Dutch fiscal initiatives are based on reduction 
in the tax surcharge applicable to business zero-emission cars . the 
surcharge is levied at 7% and 14% of the cost of electric vehicle and 
plug-in hybrid, respectively, and is recognized as a taxable profit 
element, whereas the traditional rate for ICE vehicles is 24%.

the initiative turned out to be so popular that the budget allocated 
funds for the EV sales promotion were exhausted ahead of schedule. 
the latest 2016 budget estimates provide tax surcharge increase 
to 14% for EVs and 21% for phEVs. besides, the exemption from 
transport tax, amounting to 180% of the cost of an ICE vehicle, is 
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likely to be abolished. This last measure bears significant risks for 
electric vehicle manufacturers: for example, price for tesla model s 
in the netherlands may grow from us$ 97.6 to 270 thousand if this 
tax is imposed.

In the uK, government incentives are also expected to ramp down. 
At present, electric vehicles and plug-in hybrids with Co2 emission 
under 75 g/km are eligible to a grant of 5,000 pounds (us$7,800). the 
system will see different categories depending on CO2 and electric 
range as soon as electric car fleet reaches 50,000. By the end of 
2015, British electric vehicle fleet exceeded 48,000, so that the grant 
abolishment may occur in spring 2016, though originally the system 
was to be in force until the end of 2017. At present, the grant is to 
be replaced with a multi-level subsidy with us$311 million funding 
available until 2020. the grant will be reduced to us$3,900-7,000 per 
vehicle, based on its category and the Co2 emission level.

In the usA, electric vehicle customers get both federal and state-level 
support. Federal tax credit starts at us$2,500, increasing us$417 
with every kWh battery capacity (if it is at least us$5/kW*h), up 
to a maximum of us$7,500 per vehicle. If you add the state-level 
subsidy (offers from US$2,000 to 6,000), in California, for example, 
the aggregate subsidy will be us$10,000 per vehicle, growing further 
to us$13,500 in Colorado (assuming battery capacity of 16 kW*h or 
more). besides direct subsidies, there are plenty indirect initiatives 
implemented within the state-level programs.

The federal tax credit is applied for the first 200,000 electric sales 
for each new manufacturer since 2010, after that the incentive fades 
to zero.

last year, some states waived their electric vehicle subsidizing 
programs. nine of them are now charging annual fees to electric 
vehicle owners, in order to compensate falling gasoline tax revenues. 
the impact was immediate. In Georgia, for example, following the 
end of the us$5,000 tax incentive and introduction of electric vehicle 
registration fee of us$200, sales have been in a steep decline (90% 
down by year end9).

9  http://www.marketplace.org/2016/01/08/world/georgia-ev-sales-sputter-
without-tax-break
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* overlay date tags designate benefit termination date

Source: U.S. Department of Energy Alternative Fuels Data Center, VYGON Consulting
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During the last five years, Chinese government has been consistently 
implementing ambitious plans for increasing the share of electric 
vehicles in the national market. China’s basic concern is the 
deteriorating environment, which is further evidenced by the red – 
highest – alert, introduced in Beijing due to record high level of air 
pollution in December 2015. It was for the first time ever. 

Due to heavy smog conditions in the capital, over 2 thousand 
enterprises were temporarily shut down and restrictions on the 
personal transport use were introduced according to the local 
Emergency Command requirements (odd numbered license plates 
in one day, even numbered ones on another ), as well as the ban on 
30% corporate car fleet use.

It can be coincidence or not, but in the last two months 2015, 167,000 
electric vehicles were sold in China, or 2.7 times more than the entire 
electric fleet registered in the country by the end of 2014 (62,000 
vehicles), or almost 50% of all 2015 EV sales, which were 341,000. 
At the same time, even with this record sales leap, China failed to 
accomplish the goal of 500,000 electric vehicles by 2015, set by the 
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prC state Council in 2012. the next target is 5 million by 202010. 
Given the current pace of market development it no longer looks as 
unrealistic as it was just one year ago. 

the EV sales support program launched in China in 2009 represented 
both generous consumer subsidies and strong pressure on local 
governments to purchase EVs. that year, mechanisms for stimulating 
the demand for electric vehicles were launched as well, since the 
government initiated the first pilot demonstration project aimed at 
implementing 1000 so-called new energy vehicles11 (nEV) in ten 
Chinese cities; project geography was later expanded to 25 cities. 

Furthermore, the new mandate required all Chinese government bodies 
and nEV demonstration cities authorities to purchase electric vehicles 
in proportion higher than 30% of new added vehicles in public service. 

Source: China Association of Automobile Manufacturers (СAAM), EVS28, VYGON Consulting

Fig. 9. New energy vehicle fleet and government programs in China
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10  http://english.gov.cn/policies/policy_watch/2015/04/13/
content_281475088192251.htm 
11  Include battery electric vehicles (bEV), plug-in hybrids (phEV) and fuel cell vehicles 
(FCV)
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Initially, the fiscal incentive mechanism included subsidies for electric 
buses and phEV buses of 500 thousand and 50-420 thousand Yuan 
(us$76 thousand and us$7.6-63.8 thousand), respectively. the 
subsidy for phEVs was determined by the level of fuel economy, 
electric power rate and the battery type (minimum battery capacity 
should be at least 15 kW*h).

subsequently, the program was extended for private customers who 
are now eligible to receive us$456 per each kW*h, but not more than 
us$9.1 thousand (60 thousand Yuan) per electric vehicle and us$7.6 
thousand (50 thousand Yuan) per plug-in hybrid. In september 2013, 
the government initiated the second subsidy phase, which no longer 
covered hybrid electric vehicles (see table 2).

the core documents that determine the future of electric vehicles 
are the Key science and technology plan of Electric Vehicle within 
the 12th FYp , presented by the Chinese ministry of science and 
technology in march 2012, together with Energy saving & new energy 
vehicle medium- & long-term development plan, presented by the 
Chinese state Council in June 2012. 
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Table 2.  
Subsidies available to new energy vehicles in China during Program Stage 1 and Stage 2, US$.

nEV type phase 1 (2009) phase 2 (2013)

passenger cars

subsidy basis battery capacity 
(kW*h)

E-drive range, km

≥50 80-150 150-250 >250

bEV car us$456/kW*h, 
up to us$9,120 - us$5,320 us$7,600 us$9,120

phEV car us$456/kW*h, 
up to us$7,600 us$5,320

 
heavy duty vehicles and buses

subsidy basis level of 
electrification

length, m

6-8 8-10 ≥10

bEV bus us$76,000 us$45,600 us$60,800 us$76,000

phEV bus US$7,600 – 63,840 - - us$38,000

hEV bus US$7,600 – 63,840 - - -

Source: EVS28, Analysis of Response of China New Energy Vehicle Markets to Government Policies, May 3-6, 2015, 
VYGon Consulting

 
Tax benefits are also widely introduced; in particular, electric vehicles 
and plug-in hybrids are eligible for a 50% discount on transport tax 
depending on mileage, and are exempt from the new vehicle purchase 
duty. From september 2014 to 31 December 2017, purchase tax 
is free for any electrically driven models produced by local auto 
manufacturers until 31 December 2017. 

In the largest Chinese cities a complex system of obtaining license 
plates is in effect: the local authorities establish a quota for the 
quantity of public license plates (for example, in beijing only 150 
thousand license plates were issued in 2014). Vehicle owners thus 
have two options to receive license plates: either to wait for several 
months, or win license plates in a lottery. the chance to win is almost 
100% for electric vehicle, and a mere 1% for ICE vehicle. moreover, the 
vehicle use is only permitted on certain days of the week, however, 
this rule does not cover nEVs.
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Developing the national segment of electric vehicle manufacturers, 
China faces the same problems that exist worldwide: high battery 
cost, long charging time and relatively short mileage, as well as the 
lack of EVsE development programs. China is the world’s largest 
battery manufacturer, but still lags behind Japan and south Korea in 
the electric vehicle industry development, as it is short of expertise 
in battery and vehicle component technologies.

China has the highest potential for vehicle demand growth and also 
is the world leader in greenhouse gas emissions, thus it remains an 
attractive market for the world’s automobile manufacturers, such 
as tesla motors, bmW, Gm, etc. on the back of state-of-the-art 
technological solutions shortage and, as a result, low value-added 
conventional and electric vehicle production, China actively cooperates 
with such companies, however, all attempts of technology transfer 
via the joint venture (JV) mechanisms have been unsuccessful so far.

the major reasons for these failures are harsh entry barriers, in 
particular, strict requirements to intellectual property transfer and 
prohibition for foreign companies to enter the market with a 100% 
equity participation. moreover, imported electric vehicle models are 
not eligible for countries’ subsidies.

the main companies in Chinese nEV market are represented by 
state-owned auto manufacturers (AW, Dongfeng, Changan) and 
companies controlled by local authorities (sAIC, bAIC, Chery, 
Guangzhou Automotive Group), as well as several private concerns 
(bYD, Geely) (see Fig. 9).

tesla was the first foreign company that managed to launch 
commercial deliveries of its vehicles to China in April 2014. model s 
costs around us$121 thousand there (while us base price is us$71 
thousand). This model is unlikely to carve out a significant niche in the 
short term, but rather take a small premium segment in the Chinese 
auto market. In 2014, tesla sold about 3,800 cars in China (9% of all 
sales); last year the company lost much of its market share, though 
it managed to sell 4,800 vehicles in 2015 (1.4%). sales volumes may 
grow significantly already after 2017, once the new Tesla Model S 
factory is launched in China.

BATTLE FOR THE MARKET
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besides, tesla has already built about 80 supercharger stations in 
dozens of China’s largest cities (in contrast, there are 260 tesla 
chargers in the usA). moreover, the company opened its patented 
technologies in June 2014, explaining that “our true competition is 
not the small trickle of non-tesla electric cars being produced, but 
rather the enormous flood of gasoline cars pouring out of the world’s 
factories every day.”

tesla motors expects that such disclosure of technology would not 
only allow it to circumvent the stringent barriers to the Chinese 
market, but also to expand its Asian niche through exports of its 
vehicles from China to the neighboring countries. Company’s CEo 
Elon musk announced at the beijing forum in october 2015 that prices 
for locally manufactured model s could drop by 30%, if the factory 
was launched within 2-3 years, due to reduced transportation costs 
and exemption from import duties. 

once patents have become publicly available, tesla has faced 
a challenge of potential competition from the so-called Chinese 
“clones” that might hit the market before the factory is launched 
and have a significant advantage in terms of price. The first model 
in this clone race may be leCar, manufactured by letV, with sales 
scheduled to April 2016, and Youxia ranger of Youxia motors. the 
last will be virtually identical to tesla but with an expected price 
about us$32 thousand.

Tesla is by far not the first player attempting to enter the Chinese 
market. In 2010, General motors had negative experience. since the 
company announced its plans to supply Chevy Volt EV to China, Gm 
has failed to receive government subsidies (up to us$18,200 in some 
cities) and import duty reduction (25%) after it refused to transfer 
proprietary technologies to the local factory. With all subsidies and 
tariffs, Volt was to cost US$79,000 in China vs US$34,000 in Europe.

the Chinese government has actively encouraged establishment of 
JVs for the promotion of joint EV brands in recent years. the joint 
venture policy dates back to 1982, and was focused on obtaining 
overseas technologies in exchange for local market access. the 
foreign partner’s share in a JV should not exceed 50%. 
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new electric models manufactured under Chinese brands and within 
the framework of existing JVs are based on outdated technologies, 
as the leading automobile manufacturers are unwilling to share their 
latest patents. the examples of such JVs are sAIC and Volkswagen 
AG with tantus EV model, bAIC-hyundai with shouwang EV, and 
others. both overstated price and outdated technologies hold back 
sales volumes.

Foreign trade barriers (high import duties and non-subjection to 
subsidies) and the obligations to transfer intellectual property hamper 
the development of a high-quality and affordable EV model. Thus, 
people prefer cheap and technologically simple low-speed micro EVs 
and e-bicycles that develop without government support. China’s 
electric bicycle fleet, for example, exceeded 230 million in 2014.

sales upsurge over the recent months may be an indicator that 
Chinese consumers’ choice of clean transport is largely based on 
the deteriorating environmental situation and certain restrictions on 
the conventional vehicle ownership (disincentives).

All these demand-side factors, apart from growing public wealth 
and technologies’ accessibility have created a “perfect storm”, 
prompting suggestions that China could evolve as a new electric 
vehicle development hub.
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Electric vehicle cost is the most significant obstacle to their mass 
uptake. the manufacturer’s suggested retail price (msrp) of 
a medium-class ICE vehicle is twice less than for EV counterpart. 
As we have seen above, even generous government subsidies fail 
to zero this gap.

to assess the EV price reduction potential, it is necessary to dig deeply 
to understand the cost structure of main components (primarily the 
battery), and to define the variability range of these parameters. 

 

Source: Bernstein Research, VYGON Consulting

Fig. 10. Gasoline ICE (Nissan Note) to electric vehicle (Nissan Leaf) cost walk
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most new EV models inherit bodies and many mechanical parts 
from their mass-production ICE counterparts. For example, both 
conventional nissan note and purely battery-powered nissan leaf 
body and other component costs except powertrain are assumed 
at us$12 thousand, and will remain relatively stable, due to high 
economies of scale12. several EV components (see Fig. 10), such as 
electric motor and transmission cost less in electric vehicle due to 
simpler design.

12 Without potential body cost reduction through the use of plastic.

eLeCtrIC VehICLe 
eConoMICs: hoW 

It WorKs

WHY DOES AN ELECTRIC 
VEHICLE COST MORE?
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the battery is the most expensive component of an electric car: 
according to bernstein research estimates13, in the case of nissan 
leaf, it accounts for up to 38% of the vehicle cost. In other words, 
the minimum price of a battery pack is about us$11 thousand, or 
US$461/kW*h. At the same time, Nissan officials claim that its battery 
(24 kW*h) costs much less, about us$300/kW*h (or 28% of the 
vehicle cost). Such a significant difference might occur from different 
cost accounting methods (in particular, if battery pack material and 
assembly costs are allocated to other electric vehicle components). 
tesla motors, despite much larger battery capacity (70 kW*h for 
model s), estimates its cost at only 26.7% of full vehicle cost. 

Another expensive EV component (13% of total cost) is powertrain 
(invertor, DC-DC convertor, other). the total cost of these elements 
amounts to us$3.75 thousand for the reason of technological 
complexity in production.

 

the EV competitiveness could be improved significantly if the cost of 
its most expensive element, the battery pack, was reduced. the IEA 
Global EV outlook 2013 projected that by 2020 EV price would match 
the price of an ICE vehicle, while the battery price by that time could drop 
to us$300/ kW*h. In fact, however, battery prices declined by 8% p.a. on 
average, so that major producers have achieved the 2020 targets much 
faster than expected back in 2013. technological improvements and 
competition among manufacturers gained traction to cause a drop in the 
battery cost on average from us$1,000/kW*h in 2009 to us$460/ kW*h 
in 2015.

regarding actual and projected electric vehicle battery cost estimates, 
it should be noted that auto manufactures do not have a common 
benchmark yet, so that the industry uses about seven types of li-Ion 
batteries offered by different manufacturers. Companies and international 
agencies may assume either different battery types (weighted average 
or specific type), manufacturing levels (battery pack or cell cost), or 
various battery producers. 

  

13  Bernstein Research «The Long View: Tesla&The Falling Costs Of Batteries – Are 
We Still Underestimating The Potential?», март 2014 г.

HOW FAR COULD BATTERY 
PRICE  DROP?
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Source: Advanced Automotive Batteries (AAB), Argonne National Lab (ANL), Bernstein Research (BR), Bloomberg, 
Boston Consulting Group (BCG), Deutsche Bank (DB), US Energy Information Administration (EIA), General Motors (GM), 
International Energy Agency (IEA), Massachusetts Institute of Technology (MIT), McKinsey & Company, 
Nature Climate Change (NCC), Roland Berger (RB), Navigant Research, Tesla, UBS, VYGON Consulting

Fig. 11. Estimated battery cost in 2020 as of the respective forecast issue date
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For example, tesla motors uses small panasonic 18650 nCm type 
batteries (widely used in consumer electronics), whereas traditional 
automanufactures use large-sized limn2o4 batteries of lesser cathode 
capacity and smaller manufacturing volumes (due to lack of mass 
demand). manufacturing volumes of certain battery type and its 
technical diversity determine a broad range of estimates.

tesla, for instance, expects its battery cost to decline from us$250 to 
us$100/kW*h by 2020, whereas rolland berger uses a plug-in hybrid 
96W*h nCm-type battery cell as a benchmark and estimates its cost 
to drop by us$270/kW*h beyond 2020.

Li-Ion battery market is specified by a high diversity of producers and 
low capacity utilization rate. China, south Korea and Japan account 
for approximately 85% of global li-Ion battery producing capacity, 
whereas the us share so far does not exceed 7%. Eventually, given the 
launch of tesla’s Gigafactory battery manufacturing plant of 35 GW*h 
final capacity, and implementation of other projects as well by 2020, 
such as lG Chem, Foxconn technology, bYD and boston power, the 
us share could increase to 32%. 
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over time, demand growth and consolidation of smaller manufacturers 
should translate into labor, equipment and r&D costs optimization, 
improvements of supply chain, in particular, transition to continuous 
processes and better debt capital availability.

Source: Bernstein Research, VYGON Consulting

Fig. 12. Current and projected battery pack cost structure and price
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Following the expected drop in the above-mentioned cost categories, 
the cost of materials remains the largest source of EV battery pack 
manufacturing expenses. According to bernstein research, battery 
cell accounts for about 60% of the battery pack, whereas unit material 
costs exceed 60% in the battery cost structure. therefore, the cost of 
raw materials accounts for 39% of EV battery pack cost (see Fig. 12).

In the medium term, this share might grow to 44% while operating, 
r&D and battery management system expenses decline. For this 
reason, the raw materials cost will play the decisive role in battery 
pricing and set the lower bound, since it is hard to reduce raw material 
cost due to the specific features of its key elements: cobalt, nickel and 
lithium (see “lithium is not an obstacle” box).
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LITHIUM IS NOT AN OBSTACLE 
 
lithium is contained within mineral deposits or salts in brine lakes and seawater. the largest lithium 
reserves are located in the Greenbushes solid rock field in Australia, while the lithium brines are 
highly concentrated in south America, particularly, in bolivia (23% of global resources), Chile (19%) 
and Argentina (16%). Australia and Chile are the largest lithium producers, followed by China.

the global lithium consumed by battery industry accounts to just about one-third of total demand, 
of which the electric vehicles industry generates not more than 10%.

Source: USGS, VYGON Consulting

Fig. 13. World lithium final consumption in 2013
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Since the major players, the so-called “Big Three” (Sociedad Quimica у Minera de Chile, FMC, and 
American rockwood lithium, merged with Albemarle since 2014), entered the lithium market 
in 1996-97, lithium production costs have been descending, concurrently with a transition to 
cost-effective production from brine lakes. Over just 2 years, the average import price of lithium 
carbonate to the us dropped from us$3 thousand/ton to less than us$2 thousand/ton. since that 
time, however, lithium price has grown almost threefold, reaching us$6.6 thousand/ton in 2014.

lithium is not an exchange commodity, rather, it is traded within the long-term contracts, which do 
not usually disclose prices. therefore, as long as the current battery demand exceeds its available 
production capacity, the actual oligopoly is unlikely to permit any price reduction. It stands to 
mention that today the lithium share in battery cost structure, the key demand driver, is negligible. 
the amount of lithium per electric vehicle varies from 1 to 10 kg in a plug-in hybrid, and up to 40 kg 
in battery electric vehicle, such as tesla roadster, so that, roughly speaking, unit lithium cost in 
the bEV battery pack is about us$264 (less than 3%). 
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out of key battery components (cathode, anode, electrolyte and 
separator), cathode accounts for the majority of material costs 
(almost 40%). Its high cost is determined by use of expensive nickel 
and cobalt. their aggregate share of total cathode cost exceeds a half 
(20% and 33%, respectively). the highest cobalt and nickel content is 
typical for lCo (lithium-cobalt-oxide) battery, today’s most popular 
li-Ion battery type.

Source: Rolland Berger, VYGON Consulting

Fig. 14. Battery pack and cathode material cost structure
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since rougtly 55% of cobalt is a by-product of nickel mining, the 
markets for both metals are developing mostly identical, including 
price dynamics. over the last 10 years, the growing demand for cobalt 
has caused a leap in the cobalt prices. since February 2010, cobalt 
has been traded via the london metal Exchange (lmE), which served 
to restrain price growth so far. 

however, several fundamental conditions allow to assume probable 
cobalt upward price development over the next 5-10 years. According 
to benchmark mineral Intelligence, once tesla Gigafactory operates 
at peak capacity, cobalt demand will surge by 7 thousand tons a year, 
with the global production being 40 thousand tons. besides, the us do 
not produce cobalt, Canada’s production is limited to just 8 thousand 
tons, while Congo, where the largest cobalt reserves located, has 

BATTERY BREAK DOWN
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been for many years proposing implementation of an export ban on 
cobalt and copper ores.

Given the expected demand growth for basic battery components, 
i.e. lithium, cobalt, nickel, manganese and graphite, battery cost will 
fall at a much slower pace than automakers stated. the only way to 
reduce material cost in the medium term is share cut of most capital-
intensive elements, i.e. cobalt and nickel, or their replacement.

Development of any affordable cobalt alternatives so far has been 
unsuccessful due to its unique ability to withstand high temperatures, 
thus preventing li-Ion battery ignition (not to mention that the li- Ion 
cell chemistry is the least safe than its lead- and nickel-based 
alternatives). back in 1991, when the li-Ion battery market was 
still an emerging one, numerous battery explosions were registered, 
so that today cobalt content in a battery may be as much as 60%.

nmC (nickel-manganese-cobalt oxide) out of all li-Ion battery types 
contains relatively small cobalt share in cathode (about one-third) 
and is commercially manufactured by panasonic (in particular, for 
Tesla). This is one of the factors that gives Tesla price advantage; 
as indicated above, their current battery costs about us$250/kW*h.

Another type of Li-Ion battery, based on manganese (LMO – 
manganese oxide), has less cobalt content, thus making the battery 
less resilient to high temperatures and quicker to discharge. to 
improve performance, lmo is usually complemented by nmC 
batteries in such models as Chevrolet Volt, bmW i3 and nissan leaf 
in different proportions (excluding the recent MY2016 model, for 
which an nmC-type battery is announced). 

Forecasting battery cost development accurately is nearly impossible 
due to high dynamics of all cost types, as well as their dependence on 
zero-emission vehicle fleet growth rate. According to our estimates, 
the most battery cost reduction potential comes from economies 
of scale, in particular, productivity growth, reduced fixed cost and 
labor inputs, which could bring battery price down as much as 20% 
(us$97/kW*h).
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* calculations based on industry averages

Source: VYGON Consulting

Fig. 15. Battery cost reduction forecast*, US$/kW*h
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When it comes to materials cost reduction, we count on decreasing their 
absolute weight in a battery, as well as on optimizing the respective 
processing activities. We therefore assume possible materials cost 
reduction from us$180 to us$109/kW*h by 2020, while material 
density will decrease by approximately 21%. Improvements in battery 
management system, the least mature technology so far and r&D 
activity decline (presumably, by 24%) are the main cost efficiency 
drivers: by 2020 they could drop by us$42/kW*h.

thus, there are reasons to suppose that the price of an average battery 
will more than halve to us$250/kW*h. We also consider the price gap 
between batteries of different origin to increase: while the limit for 
Тesla-Panasonic battery beyond 2020 may be as low as US$150/kW*h, 
prices reported by nissan-AEsC or Chinese bYD will hardly descend 
below us$210-250/kW*h, respectively.
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As indicated above, electric vehicle price is the primary obstacle to 
its mass proliferation. to become a lucky e-car owner, the buyer 
has to pay twice as much as for gasoline-fueled car. At present, we 
consider the mid-term probability for EV cost of ownership reduction 
as moderate. meanwhile, to reach a parity price between electric 
and conventional vehicle the following conditions should be met 
concurrently:

1. oil (and, respectively, motor fuel) price growth

2. battery cost reduction

3. EV power and charging electronics cost reduction

4. EV purchase subsidies extension

5. EVsE purchase and installation tax credit extension

We have performed a sensitivity analysis of 5-year total cost of 
ownership (tCo) of a mass segment electric vehicle nissan leaf, 
top-seller in the us, priced at us$29 thousand, to WtI oil prices and 
battery unit cost. For comparison purposes, we used a technically 
similar gasoline-fueled nissan Versa note, with a base price of us$15 
thousand.

Calculations were carried out for the us, California, particularly, EV 
price, taxes, existing subsidies, insurance and maintenance costs. 
We adopted our estimates for the us because its conditions are 
close to the market one’s, i.e. high crude oil component in motor 
fuel costs (65-70%), relatively smaller government EV support and 
weak political support of environmental issues.

At present, despite the total subsidies14 of us$10.6 thousand, nissan 
leaf owner will pay us$5.6 thousand more than nissan Versa note15 
owner on a span of 5 years.

14 Federal subsidy – US$7.5 thousand, California state subsidy – US$2.5 thousand, 
household charging station purchase and installation tax credit – 30%
15  Given YtD 2016 average WtI oil price of us$30/bbl and battery cost of us$11 
thousand (or us$461//kW*h)
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* Nissan Leaf base price includes battery cost (US$11,075) and transmission (US$5,713)
  
Source: VYGON Consulting

Fig. 16. Nissan Leaf vs Versa Note current 5-year TCO in the US
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Table 3.  
ICE vehicles vs EV cost of ownership differential (competitiveness)

Oil price*
Battery
price**

30 40 50 60 70 80 90 100 120 140 160

461 -5 643 -5 169 -4 695 -4 221 -3 748 -3 274 -2 800 -2 326 -1 379 -431 517

400 -4 057 -3 583 -3 110 -2 636 -2 162 -1688 -1 214 -741 207 1 155 2 102

350 -2 767 -2 293 -1 820 -1 346 -872 -398 76 549 1 497 2 445 3 392

300 -1 477 -1 003 -530 -56 418 892 1 366 1 839 2 787 3 735 4 682

250 -187 297 760 1 234 1 708 2 182 2 656 3 129 4 077 5 025 5 972

150 1 103 1 577 2 050 2 524 2 998 3 472 3 946 4 410 5 367 6 315 7 262

*   US$/bbl
** US$/kW*h 
source: VYGon Consulting

 
As seen from the table, the tCo parity at nissan leaf’s current cost 
parameters is possible only at oil price of us$160/bbl.
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If the battery cost descends to us$250/kW*h, the electric vehicle will 
become competitive already at oil price of us$40/bbl. It is worth noting 
that Tesla, according to official statements, has already succeeded 
in reducing its battery pack cost to that level and, as a result, in the 
luxury segment, Model S has already outperformed Audi А7 Quattro, 
bmW 740d, mercedes s63l and other gasoline cars. 

 

As indicated above, price parity between electric and ICE vehicle 
depends on several conditions met at once, on this basis we have 
developed scenarios of continued electric vehicle industry deployment: 
optimistic, pessimistic and reference.

Certain Nissan Leaf technical specifications remain constant for all 
scenarios (such as battery capacity: 24 kW*h and 84 miles cruising 
range), as well as basic configuration price (body, chassis, etc.) 
identical in both models, tax conditions, insurance and maintenance 
cost.

*
**

Source: VYGON Consulting

Fig. 17.  Nissan Leaf vs Versa Note 5-year TCO in 2020

Nissan Leaf base price includes battery price (US$4,800) and transmission price (US$4,000)
Nissan Leaf base price includes battery price (US$8,400) and transmission price (US$5,713)
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the following assumptions were pulled together for the optimistic 
scenario:

• oil price will increase up to us$80/bbl by 2020, which is in line 
with the IEA new policies scenario16.

• the li-Ion battery cost will drop almost by half to us$200/ kW*h 
or us$4.8 thousand due to economies of scale in the battery 
management system and variable cost optimization. 90% of 
cost will come from materials that are unlikely to fall in value 
in the medium term.

• Economies of scale will also provide cost reduction of 
transmission elements by 30%, mainly from power electronics 
and charging.

• us federal subsidy (us$7,500) will be extended, since the 
established sales target of 5 million in the us would not be 
achieved17. together with it the state Californian subsidy will 
be in force (us$2,500).

• home charging dock purchase and installation costs are 30% 
tax deductible; the credit will be extended until 2020. 

In our optimistic scenario, the gasoline-fueled model will lose 
competition to the electric one by 2020 with a price differential of 
US$4.9 thousand. However, this case requires significant federal 
budget withdrawals, which could be probably compensated by 
increased tax burden on the oil industry, thus resulting in further 
gasoline price growth and conventional car becoming even less 
competitive. 

An important factor is the battery pack price reduction to us$4.8 
thousand and transmission elements price drop to US$4 thousand; 
this, in turn, assuming that the currently existing benefits are 
retained, will cause the fall in electric model base price 27% below 
than of the ICE vehicle. Fuel savings at us$80/bbl will amount to 
us$5.1 thousand18. 

16 IEA World Energy outlook 2015
17 For more details on electric vehicle subsidizing in the usA, see “Government support 
falling out of fashion?” section, page 21
18  the calculation model assumes that oil price drop by us$10/bbl subtracts us$600 
on average from fuel savings.
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the pessimistic scenario, in turn, assumes that the following 
conditions are met:

• oil prices remain low at approximately us$40/bbl.

• much of the economies of scale will not arrive as electric 
vehicle sales in the us drop against the backdrop of low oil 
and motor fuel prices. the cost of leaf battery pack will drop 
to just us$350/kW*h by 2020 as new manufacturing facilities 
come on stream.

• transmission elements cost will remain unchanged due to 
the “ad-hoc” nature of electric vehicle production by various 
automakers.

• the current subsidy regime is phased out at both the federal 
and the state level as programs expire and no further outtakes 
from the oil industry are possible in connection with the 
significant drop in gasoline tax revenues.

• the cost of a home charging station installation will grow by 
40% vs the optimistic scenario, to about us$2 thousand, as 
the subsidizing program is not extended.

The TCO differential between electric and gasoline-fueled vehicles 
exceeds US$12.9 thousand, with the most significant factors being 
the us$10 thousand subsidy ramp down, reduced gasoline cost 
(us$3.2 thousand) and high electric vehicle insurance costs due to 
underdeveloped service infrastructure and expensive replacement 
parts.

our reference case assumes the following conditions: 

• oil price growth to us$60/bbl by 2020.

• li-Ion battery pack price reduction to us$250/kW*h, which is in 
line with our battery price projection until 2020 (see Fig. 15).

• transmission cost reduction by 20%.

• Current subsidy regime revised down to us$6,000 federal 
subsidy and us$2,000 California state subsidy.

• home charging station purchase and installation costs will be 
20% deductible.
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under this scenario, all-electric nissan leaf will gain a competitive 
edge of us$1.6 thousand.

* Nissan Leaf base price includes battery price (US$6,000) and transmission price (US$4,570)
  
Source: VYGON Consulting

Fig. 18. Reference case of Nissan Leaf vs Versa Note 5-year TCO in 2020
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• this year gasoline-fueled car is celebrating its 130th anniversary. 
transport is the key oil-consuming sector, accounting for about 
65% of global oil demand. road transportation provides 77% of 
final petroleum products consumption, thus the demand growth 
rate of ICE vehicles (internal combustion engine) will largely 
determine the further potential in oil consumption. 

• tesla’s success has obviously attracted much interest towards 
electric vehicles (EV). Today global EV fleet stands at around 
1,5 million cars, its worldwide sales continue to expand. the 
world’s leading automakers are extending their electric model 
series: up to date they have already launched about 40 new 
models, which are likely to hit 51 over the next 3 years. though 
their current market position is incomparable to the traditional 
ones, the future balance may change. In late 2016, the new 
GM all-electric Chevrolet Bolt will be first introduced on the US 
market. The model offering 320 km range per charge and battery 
capacity at us$60/kWh should set new technological standards 
at a price as low as US$37,500. Almost the same specifications 
promises tesla and nissan for their 2017 models.

• Electric vehicles benefit from technical progress and government 
support, induced by growing environmental awareness and the 
importing countries’ efforts to achieve energy security. Traditional 
vehicles have on their side consumer preferences, major auto 
makers’ manufacturing processes, developed service facilities 
and infrastructure, as well as low oil prices.

• EV sales in the US – the market with the “invisible hand” 
economics, dropped for the first time since 2010, along with two-
fold gasoline price fall. the demand growth was only stable for 
tesla model s, because the consumer choice is determined by 
brand-awareness and technical specs of the car, rather than by 
fuel economy.

• European market still opts for EVs, which showed 50% sales 
spur in 2015. this has mainly resulted from lower decline rate 
of fuel prices due to the increased demand and higher excise 
duties (the diesel prices fall in Germany was only 20% compared 
to 50% drop in gasoline prices in the us). moreover, a number of 
countries in Europe actively promote EV sales (fiscal incentives 
and subsidies in norway are up to us$17,000). the possible 
easing or even phasing out the existing subsidies can result in 
sales slowdown this year.

• China saw a threefold increase in its new energy vehicle fleet 
in 2015, thus it has outstripped us to become a world market 

suMMArY
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leader. such strong EV deployment initially in mass segment 
may head the further EV expansion worldwide. since China has 
been largely affecting the world oil consumption in the recent 
decades, the success or failure of EV sales in this country could 
define the global oil demand potential.

• Average EV battery cost for most electric car models have been 
reduced substantially from 1,000 us$/kWh in 2009 to around 
460 us$/kWh in 2015 thanks to technological improvements and 
increased competition between battery and car manufacturers, 
while the cost reduction in some cases occurred even faster 
than expected. thus, tesla battery price is already estimated at 
us$250/kWh, the company target is us$100/kWh by 2020. 

• Production scale effect and technological achievements 
in increasing battery energy intensity with less weight will 
contribute to further battery cost reduction. by 2020 battery 
production capacity is expected to nearly triple from 42 GWh to 
122 GWh due to the newly established projects by tesla, bYD, 
Foxconn, boston power and lG. 

• According to our estimates, average battery cost will reduce 
by 57% assuming current chemistry mix and in production 
technology improvement. battery management system 
optimization and labour efficiency offer the greatest potential, 
the progress will “stuck” in high raw material costs, particularly 
nickel and cobalt. Contrary to the common belief, lithium prices 
cannot strongly influence battery cost, since it represents less 
than 3% in battery cost split. thus, the cost of battery pack would 
not increase notably even if prices for lithium rise manifold as 
well as demand for this metal.

• At present, msrp range between EV and ICE vehicle of the same 
specifications is incomparable in mass market. It is not only 
the high battery cost, which accounts for about 30% of electric 
vehicle price, but also powertrain system (i.e. power electronics 
and charging), which still represents high value due to its limited 
production. They would obviously become more price affordable 
as the demand for EV will grow, although not as fast as battery.  

• the 5-year deferential of total cost of ownership (tCo) between 
all-electric nissan leaf and traditional nissan Versa note in the 
us is more than us$5,000 at current oil price (us$30/bbl) and 
battery cost given the subsidies of more than us$10,000. the oil 
price rebound factor is still not enough to make EV competitive – 
the tCo parity appears only at us$160/bbl. however, if the future 
oil price rises above us$40/bbl (as of the date of the study), 
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electric car will be competitive at a battery cost of up to us$250/
kWh and retention of the existing tax credits.

• price parity between electric and ICE vehicles can be achieved 
by implementing numerous conditions simultaneously. under 
these conditions, we developed optimistic, negative and baseline 
scenarios. In the optimistic scenario, gasoline car will fail the 
competition with US$4,900 differential. However, this scenario 
requires major withdrawals from federal budget, which might 
be compensated by increasing tax burden on oil industry. this, 
in turn, will contribute to greater upturn in gasoline prices 
and result in even greater TCO differential. Negative scenario 
assumes all subsidies phase out by 2020, falling gasoline costs 
($2100) and high insurance costs (due to the lack of services and 
high detail cost). As a result, 5-year TCO differential between 
nissan Versa note and electric leaf exceeds us$12,900. In the 
baseline scenario, nissan leaf has a comparative advantage at 
about us$1,600.
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