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Production costs
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Vehicle production costs

• Vehicles have been mass 
produced for over 100 
years, starting with the 
Ford Model T

• In a heavily competitive 
market across dozens of 
automakers, the 
production has been 
extremely refined and 
costs are well understood
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How much do electric vehicles cost?



5

EV Supply Chain
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Battery material supply chain

• Much higher reliance on 
international markets

• Higher risks for some 
materials:

• “conflict” minerals linked 
to child labor

• Environmental damages 
and questions of mining 
sustainability
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Battery cost breakdown

• Details of battery costs are difficult to measure accurately!  
Often confidential information due to competitive secrecy

• Many components of costs that studies have attempted to 
estimate—though there is substantial variation in the 
numbers…



8

Economies of Scale
(the more you build)

• Cost advantages that increase based on the scale of operation

• Common sources of scaling:
• Purchasing in bulk (discounting in contracts)

• Managerial specialization

• Financial scaling (better interest rates when borrowing money)

• Marketing (spreading costs of advertising)

• Technological (returns to scale in production)
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Learning Curves
(the more you build it)

• The idea that technologies become cheaper with increased 
production: the more a task is performed, the less time is required on 
each subsequent iteration

• Labor efficiency – workers become more dexterous, mentally more confident, 
less hesitancy, learning shortcuts

• Standardization specialization, methods improvements – standardization 
tends to increase efficiency

• Technology-driven learning – automated production technology
• Better use of equipment – higher production leads to better exploitation of 

equipment
• Changes in the resource mix
• Product redesign
• Use-cost reductions
• Shared experience effects
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Example learning curve calculation

• There are several different ways to calculate a learning curve, 
but a basic function might look like:

• Where:
• Y = cumulative cost per unit
• a = cost of the first unit produced
• X = cumulative number of units produced
• b = learning parameter

• This is a simple exponential decay function!

( )ln b
Y aX=
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Example of learning rates for solar PV
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Li-Ion Learning Curve
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Total Cost of Ownership
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Total Cost of Ownership (TCO)

• Consider the question: is an EV cheaper or is a gasoline car 
cheaper?  What does this mean?

• Purchasing a new car represents only a portion of the total 
costs, there are many other cost components of owning a car

• Why do we care about the TCO?
• Now with different vehicle technologies, comparing just the purchase 

price doesn’t provide an apples-to-apples comparison of the cost of 
owning a vehicle
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Components of Total Cost of 
Ownership

• Common cost components to consider in 
a TCO analysis:

• Purchase price and associated interest

• Fuel

• Insurance

• Maintenance and repair

• How do you think each of these 
components compare in gas vs electric 
cars?

Total cost of ownership for the typical 
newly bought vehicle in the US 
(Consumer Report, 2015).
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Vehicle Purchase Price

• There are actually three (!) different 
prices to keep in mind:

• Manufacturer’s suggested retail price 
(MSRP)

• Dealership listing price

• Transaction price

• Ideally the transaction price would 
be used for analysis, but this data 
can be hard to come by

• Tesla doesn’t have dealerships!  
What you see online is what you get, 
no more negotiation hassles…but 
they change their MSRP constantly!



17

How do we compare costs of 
different fuels?!

vs.
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Calculating fueling costs: gasoline

• Let’s consider an “average” gas car in the US (about 25 MPG) 
with gas prices of $5 per gallon

• How much does it cost to drive per mile?

• How much would it cost to drive a more efficient Toyota Prius 
(about 55 MPG)?

$5 1 gallon of gas $0.20

gallon of gas 25 miles mile
 =

$5 1 gallon of gas $0.09

gallon of gas 55 miles mile
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Cost of fueling EV
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Calculating fueling costs: electricity

• Let’s consider an “average” electric car in the US (about .3 
kWh/mile) with electricity prices of $0.30/kWh

• How much does it cost to drive per mile?

$0.30 0.3 kWh $0.09

kWh mile mile
 =
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Maintenance costs

• Maintenance costs for EVs 
are generally agreed to be 
cheaper than gas cars across 
the board

• EVs do not require any 
maintenance for parts related 
to the gasoline engine 
drivetrain, brakes last longer 
too due to regenerative 
braking

• Consider a $0.04 savings per 
mile over a lifetime 150,000 
miles: a savings of $6,000!
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Insurance costs

• Lots of online 
insurance calculators 
to compare prices 
between gas and 
electric

• …but one technology 
is not clearly cheaper 
than the other
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Time Discounting

• Preference between the value of consumption today and 
consumption in the future

• Is money worth more to you now or in the future?
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Calculating with discount rates

• The present value PV of a quantity of money “C” spent in some 
future year “n” is given by:

( )
( )1

n

C
PV C

i
=

+
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What discount rate should be used?

• There is no one right answer

• Businesses often use 10-15% real discount rates

• Regulated utilities 6%

• Investments in developing countries 15-25%

• The higher the risk the higher the discount rate

25
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Let’s compare:

Volkswagen Tiguan
Compact SUV

Gasoline Engine

Volkswagen ID.4
Compact SUV

Battery Electric
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Example TCO calculation: gas car

• Relevant Volkswagen Tiguan attributes:
• $26,295 MSRP
• 25 miles per gallon

• Assumptions:
• Drives 12,000 miles per year
• Gasoline costs $5/gallon
• Insurance rates starting at $1,500/year dropping $30/year
• Discount rate of 5%

• Let’s assume the following maintenance schedule
• Oil change, oil filter, tire rotation: twice a year ($100 each time)
• Air and fuel filter: every 3 years ($200)
• Brakes, coolant, transmission fluid, power steering fluid: every 5 years ($800)
• Spark plugs and timing belt: once over lifetime of vehicle ($1000)
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Example TCO calculation: gas car continued

Yr 0 Yr 1 Yr 2 Yr 15

$26,295

( )
1

$2400 $1500 $200
$3904.76

1 0.05

+ +
=

+

Annual Fuel Cost: 

12,000 mi 1 gal $5 $2400

yr 25 mi gal yr
  =

Yr 3

Yr 1
( )

2

$2400 $1470 $200
$3691.61

1 0.05

+ +
=

+

Yr 2

$3904.76

$3691.61
$3691.61

$3496.55

$3096.79

$3745.26

$3299.04
$3662.67

$1873.80$1983.40

$2221.78

$2842.42

$2617.11
$2632.91

$1866.35

Yr 4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9 Yr 10 Yr 11 Yr 12 Yr 13 Yr 14

• Total Cost: $88,245
• Total Discounted Cost: $69,440
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Example TCO calculation: EV

• Relevant Volkswagen ID.4 attributes:
• $40,760 MSRP, $2500 California rebate (immediate) and $7500 tax credit 

(when you file taxes)
• 28.8 kWh/100 miles

• Assumptions:
• Drives 12,000 miles per year
• Electricity price at $0.28 per kWh
• Insurance rates starting at $1,500/year dropping $30/year
• Discount rate of 5%

• Let’s assume the following maintenance schedule
• Tire rotation: twice a year ($150 each time)
• Air filter: every 3 years ($100)
• Brakes: every 5 years ($400)
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Example TCO calculations: EV continued
Annual Fuel Cost: 

12,000 mi .288 kWh $0.28 $967.68

yr mi kWh yr
  =

Yr 0 Yr 1 Yr 2 Yr 15

$38260

( )
1

$967.68 $1500 $50 $7500
$4745.07

1 0.05

+ + −
= −

+

Yr 3

Yr 1
( )

2

$967.68 $1470 $50
$2487.68

1 0.05

+ +
=

+

Yr 2

$2256.40
$1561.93

$1661.35
$1997.26

$1841.42

$2192.06$2209.42

$1074.62
$1273.87

$1144.26

$1296.63

$1625.45$1532.68

$1057.12

Yr 4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9 Yr 10 Yr 11 Yr 12 Yr 13 Yr 14

With rebates:
• Total Cost: $66,675
• Total Discounted Cost: $56,239
Without rebates:
• Total Cost: $76,675
• Total Discounted Cost: $65,882

$4745.07
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…so which one is cheaper…?

• The TCO of the VW ID.4 is cheaper than the VW Tiguan both 
discounted and undiscounted, regardless of the incentive

• But!:
• What if the driver drove less than 12,000 miles per year?

• What if gasoline prices were lower?

• What if electricity prices were higher?

• What if you had to replace the battery in the EV?

• …also is the Tiguan the correct counterfactual?  Recall that in 
the early 2000s, many Priuses were actually replacing BMWs, 
Mercedes, and Porsches!
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Buying cars and TCO

• Do buyers calculate TCO when deciding between cars to 
purchase?

• What other factors might influence a consumer’s purchasing 
decision?


