
• Historical background and technological 
development

• The world car production

• Energy and environmental impact (energy 
consumption, CO2 emissions, local emissions, 
noise)

• Electric cars and other vehicles: market and 
industrial issues

• Autonomous cars?



Introduction

The car changed our life, our landscape, our 
economy



The car is by far the most used short-to-
medium distance means of transport



Technological development

A car (or automobile) is a wheeled motor vehicle used for transportation. 
Most definitions of cars say that they run primarily on roads, seat one to 
eight people, have four wheels, and mainly transport people rather than 
goods.

Car, carriage, to carry
Vettura, autovettura

A passenger railroad car or passenger car (United States), also called a passenger carriage, 
passenger coach (United Kingdom and International Union of Railways), or passenger bogie 
(India) is a railroad car that is designed to carry passengers. The term passenger car can also 
be associated with a sleeping car, a baggage car, a dining car, railway post office and prisoner 
transport cars.



In November 1881, French inventor Gustave Trouvé demonstrated the first working 
(three-wheeled) car powered by electricity at the International Exposition of 
Electricity, Paris.



Benz Patent-Motorwagen Nr. 1

The Benz Patent-Motorwagen ("patent motorcar"), built in 1885 by the German Carl Benz, 
is widely regarded as the world's first production automobile; that is, a self-propelled 
vehicle for carrying people. It was patented and unveiled in 1886. 

After developing a successful gasoline-powered two-stroke piston engine in 1873, Benz 
focused on developing a motorized vehicle while maintaining a career as a designer and 
manufacturer of stationary engines and their associated parts.



The first passenger cars were electric

German Flocken Elektrowagen of 1888, regarded as the first electric 
car of the world



German electric car, 1904



Detroit Electric car charging



Thomas Edison and a Detroit Electric car in 1913



The ICE (internal combustion engine) cars



1910 Model T by FORD
The Model T was Ford's first automobile mass-produced on moving 
assembly lines with completely interchangeable parts, marketed to the 
middle class



A rapid expansion of petrol 
infrastructure



Many fuel types

• Electric

• Gasoline\petrol

• Diesel 

• Methane

• LPG

• Fuel cell (Hydrogen)

• Hybrid

Fiat 500 "Topolino" 1936



Estimated worldwide automobile production from 2000 to 2018 (in million vehicles)

https://www.statista.com/statistics/262747/worldwide-automobile-
production-since-2000/

https://www.statista.com/statistics/262747/worldwide-automobile-production-since-2000/


Car manufacturing
The automotive industry is a major 
industrial and economic force 
worldwide. It makes 60 million cars 
and trucks a year, and they are 
responsible for almost half the world's 
consumption of oil. The industry 
employs 4 million people directly, and 
many more indirectly.
Despite the fact that many large 
companies have problems with 
overcapacity and low profitability, the 
automotive industry retains very 
strong influence and importance. The 
industry also provides well-paying 
jobs with good benefits, has heavy 
linkages with supplier industries 
(which gives it an oversized role in 
economic development), and has a 
strong political influence.





Number of cars sold worldwide from 1990 to 2018 (in million units)





Leading automobile 
manufacturers

https://www.statista.com/statistics/232958/revenue-of-the-leading-car-manufacturers-worldwide/

Revenue of leading automakers worldwide in 2020 (in billion 
U.S. dollars)

2017, based on vehicle sales (in million units) 



Energy Local and global air pollution Noise





2010    474  exaJ =  15,000,000,000,000  Wh/y =  15 TW

2030  23 TW  ;  2058  32 TW
(Souce: Fermeglia, 2017)



World energy resources
Fossil fuels
• Coal
• Natural gas
• Oil
Nuclear fuels
• Nuclear energy
• Nuclear fusion
Renewable resources
• Solar energy
• Wind power
• Wave and tidal power
• Geothermal
• Biomass
• Hydropower





Over the next few years less and less new oil reserves will be available to 

satisfy an ever-increasing production. (Fermeglia, 2017)

ver the next few years we will find less and less deposits in front of one Increasing production: DROPS





Brent barrel petroleum spot prices since May 1987. Due to exchange rate fluctuations, the real price line is only 
relevant to the United States and countries with a currency tied to the U.S. dollar at a constant rate throughout 

the period.

September 29, 2017 is $51.49 per barrel.



https://oilprice.com/oil-price-charts/



28% of total energy, 93% of which petroleum U.S. Energy Information Administration, Annual 
Energy Review 2011,







Local pollutants: CO, PM, NOx, O3

More than 80% of people living in urban areas 
that monitor air pollution are exposed to air 
quality levels that exceed WHO limits.



Air pollution: PM10

https://www.eea.europa.eu/publications/air-quality-in-europe-2017



Air pollution : PM2.5



Noise

World Health Organization (WHO) estimates 
that about 40 % of the population in the EU is 
exposed to road traffic noise at levels 
exceeding 55 dB(A), and that more than 30 % is 
exposed to levels exceeding 55 dB(A) during 
the night.



Global warming

From the slides by Filippo Giorgi, Abdus Salam 
ICTP, Trieste, Ciamician School on Energy, 
Trieste, 2017 

• Is global warming happening?

• (If yes) Is global warming due to human 
activities?



Glacial and interglacial periods have 

happened at regular intervals due to

small variations of the Earth’s orbit



Since the beginning of the industrial era

(“Anthropocene”) humans have injected into the

atmosphere many types of pollutants



The Greenhouse Effect
Greenhouse gases (GHG) absorb the infrared

radiation emitted by the surface of the Earth and

re-emit it in all directions (including downwards)

thereby warming the atmosphere and oceans 

The main GHGs are H2O, CO2, O3, CH4, N2O, CFCs

In 1896 Arrhenius estimated

that doubling of CO2 would 

lead to a global warming of

5-6 ° C



The greenhouse gas 

concentration in the

atmosphere is 

sharply increasing

N2O

CO2

CH4

N2O

CH4

CO2

The isotopic composition of CO2 

and the ratio of oxygen to nitrogen 

confirm that the increase in CO2 is 

mostly from fossil fuel burning



Question 1: Is global warming happening?

• Evidence 1: The global temperature of the Earth’s 
surface  has increased by about 0.9 degrees in 
the last 100 years

• Evidence 2: Melting of glaciers and snow 

• Evidence 3: Melting of the arctic  ice

• Evidence 4:  Sea level rise 

• Evidence 5: Heat absorption by the oceans  

Answer to question 1 Global warming is 
unequivocal (IPCC 2007/13) 



(If yes) Is global warming due to human 
activities?

The earth’s climate can change because of 
anthropogenic or natural factors 
Human factors
• Greenhouse gases
• Atmospheric aerosols
• Land-use change
Natural factors
• Volcanic activity
• Variations of solar radiations
• Natural variability (ENSO, NAO)



Recent evidence on average temperature



Many studies have shown that most of the

warming since the mid 20th century is due to 

the increase in greenhouse gases of 

anthropogenic origin (>95%, IPCC 2013)



Recent evidence on annual CO2 emissions

https://www.carbonbrief.org/global-co2-emissions-have-been-flat-for-a-decade-new-data-reveals



https://www.carbonbrief.org/global-co2-emissions-have-been-flat-for-a-decade-new-data-reveals



http://www.globalcarbonatlas.org/en/CO2-emissions



Global Greenhouse Gas Emissions Levels

• T

New figures from the PBL Netherlands Environmental Assessment Agency have confirmed 
global greenhouse gas emissions levels continued to increase in 2016, albeit at a relatively 
slow rate, reaching 49.3 Gigatonnes in CO2 equivalent.

Transport 
activities account 
for 20% of the 
overall CO2 
emissions



Transport is responsable for about 25% of CO2 emissions
Greenhouse gas emission statistics EU28: Fonte: Eurostat

http://ec.europa.eu/eurostat/statistics-explained/index.php/Greenhouse_gas_emission_statistics



International Energy Agency, May 2018

• Transportation was responsible for 24% of direct 
CO2 emissions in 2017. 

• Road vehicles – cars, trucks, buses and two-
wheelers – accounted for 77% of both global 
final energy demand and CO2 emissions 
attributable to the transport sector as a whole. 

• Car buyers continue to choose bigger, heavier 
vehicles, not only in the United States but 
increasingly in Europe and Asia too. 

• In Europe, this has led to a rise in the average 
new car CO2 emissions in 2017.



Transport sector CO2 emissions. Emissions from transport 
need to peak around 2020 to meet the Sustainable 

Development Strategy (SDS) goals. Will they?

http://www.iea.org/tcep/transport/

?



L’intensità energetica è diminuita. 
Energy intensity will need to improve more than twice as fast as it has since the year 

2000 to meet SDS goals by 2030.

http://www.iea.org/tcep/transport/



Decarbonising transport: electric
vehicles and renewable energy sources



The electric car: 4 research 
questions

1. The electric car: a better balance between mobility 
and the environmental sustainability?

2. Is there the market for electric cars and how big is it? 
Will EVs substitute ICEVs? At which rate? Which EVs 
(BEVs or PhEVs or HEVs)?

3. What are the industrial implications? (new firms, new 
countries, new industries, new business models)

4. What are the main determinants? (technology, 
policies, consumers, science)



The Electric Car





Renault

Tesla Motor 
and Smart 







Q1: The electric car: a better balance 
between mobility and the 

enviornment?

Caveats:

• Many models and sizes (citiy cars, sedans, SUVs, luxus
cars,..). 

• Many technologies (ICEV, HEV, PHEV, BEV, …LNG, 
Methane). 

• Many electricity mixes (carbon, RES): average or region
specific mix?

• Many climates (e.g., California, Norway)

• Many topologies and geographies (population density, 
location of electric plants)



Life cyle analysis: consensus and 
caveats



Key determinants of energy and 
environemntal efficiency

• The efficiency of the vehicle

• The efficiency in electricity production 

• The efficiency in gasoline production 

• The drive cycles (urban, interurban)



Evidence for Europe. It depends on 
the energy mix

Source: European Environment Agency (2018), Electric vehicles from life cycle and circular economy 
perspectives, Transport and Environment Reporting Mechanism (TERM) report



Europe : it depends from the countries energy mix

Transport & Environment (T&E)- Electric cars emit less CO2 over their lifetime than diesels even when 
powered with dirtiest electricity (Italy, Europe -55%)

65



Europe..and the grid is getting cleaner

66
https://ember-climate.org/project/eu-power-sector-2020/

Renewables rose to generate 38% of Europe’s electricity in 2020 (compared to 34.6% in 2019), for the first time 
overtaking fossil-fired generation, which fell to 37%. This is an important milestone in Europe’s Clean Energy 
Transition. At a country level, Germany and Spain (and separately the UK) also achieved this milestone for the first 
time. The transition from coal to clean is, however, still too slow for reaching 55% greenhouse gas reductions by 
2030 and climate neutrality by 2050.



USA: Life Cycle Electric Vehicle Emissions (2015) Union of Concerned Scientist

https://www.ucsusa.org/clean-vehicles/electric-vehicles/life-cycle-ev-emissions

global warming emissions of electric cars on a life cycle basis—from the manufacturing of the vehicle’s 
body and battery to its ultimate disposal and reuse

The fuel economy of new U.S. cars and trucks hit a record 24.7 miles per gallon in the 

2016 model year, a government report said
67

https://www.ucsusa.org/clean-vehicles/electric-vehicles/life-cycle-ev-emissions


USA …and the grid is getting cleaner

68https://www.eia.gov/energyexplained/electricity/electricity-in-the-us.php



Especiallly wind..



My estimate for Italy (2016)

a) database VCA, August 2016; b) The 10 best selling cars in Italy in 2016; c) CO2

emissions to produce electricity: ENEA estimates for the year 2013; d) best available 
estimates on CO2 emissions in vehicle and battery production.

Danielis, R. (2017) - Le emissioni di CO2 delle auto elettriche e delle auto con motore a combustione interna. Un confronto per l’Italia 
tramite l’analisi del ciclo di vita, WP SIET

Main conclusions: 
1) uncertainties emissions in the production and transport of conventional fuel 

and battery production, recycle and disposal;
2) Cars are highly differentiated by segment. Comparisons require homogeneity
3) The energy mix is crucial and rapidly changing



Personal conclusions

• EVs are better than ICEVs in terms of GHG if 
coupled with RES-based electricity production

– The electricity mix is getting greener (USA, 
China)

• EVs transfer air pollution out of the urban areas

• EVs are less noisy

• Batteries should be re-used or recycled



Q2: Is there the market for electric cars and 
how big is it? Will EVs substitute ICEVs? At 
which rate? Which EVs (BEVs or PHEVs or 

HEVs)



Optimist’s view: Futurologist 
Tony Seba: The Electric Vehicle 

Disruption - End of Oil by 2030 –
All cars will be electric by 2025

BEV are a technology-based disruption (exponential growth)
– 1900: NY all horses, 1 car; 1913 NY: all cars, 1 horse



Factors favoring EVs



Factors favoring EVs



The Pessimist’s view: Takeshi 
Uchiyamada (Toyota Chairman)

• Toyota Takeshi Uchiyamada doesn’t expect any rapid shift to fully-electric cars, 
as there are apparently still yet two or three more technological 
breakthroughs needed.

– “I must say up front that we’re not against electric vehicles. But in order 
for electric vehicles to cover long distances, they currently need to be 
loaded with a lot of batteries that take a considerable amount of time to 
charge. There’s also the issue of battery life,”

– “But as laws and regulations (that encourage the development of electric 
vehicles) come into effect in places like China and the U.S., car makers will 
have no choice but to roll out electric vehicles or risk going out of 
business,” he said. “Toyota is no exception, but we’re skeptical there 
would be a rapid shift to pure electric vehicles, given questions over user 
convenience.”

• Toyota: Prius (HEV), Prime (PHEV)



An intermediate point of view: The 
Logistic Curve Model

?

?

?



Q2: Is there the market for electric cars and how big is 
it? Will EVs substitute ICEVs? At which rate? Which 

EVs (BEVs or PHEVs or HEVs)

• Current market share

• Total cost of ownership

• Consumers’ choices



Current market



https://en.wikipedia.org/wiki/Electric_car_use_by_country
80

https://en.wikipedia.org/wiki/Electric_car_use_by_country




The growing market for electric cars







Total cost of ownership (TCO)

It includes all the monetary costs you are facing in order to have and use a car for 
a number of years for a given number of kilometers. 

PRIVATE COSTS comprise fixed costs and variable costs. The variability refers to 
the yearly distance travelled. 

• Initial fixed costs: purchase cost and registration fee;

• Annual fixed costs: insurance, circulation tax, routine maintenance

• Variable costs:  fuel consumption and  oil consumption

• fixed and a variable cost: non-routine maintenance, tire changes, the starter 
battery

Tolls and parking charges might be differentiated by fuel type

SOCIAL COSTS: costs caused by emissions of local and global atmospheric 
pollutants and noise.

The TCO does not include time costs, particularly relevant for charging electric 
cars on public chargers, and costs resulting from the limited range of electric 
vehicles.



petrol-fueled ICEVs (P-ICEV), diesel-fueled ICEVs (D-ICEV), petrol-fueled hybrid 
electric vehicles (HEVs), and BEVs.
MSRP: manufacturers’ suggested retail price
AKT: annual kilometers travelled

TCO\km: total cost of ownership of the 10 best-selling car in 
Italy for each propulsion system



Total cost of ownership (TCO)

• In Italy, BEVs have much higher TCO 

than gasoline and diesel cars

– Notwithstanding the lower variable costs 
(electricity cost per km vs petrol costs)

– Even when the social costs (air pollution 
and noise) are internalized

• Crucial cost: battery cost



Consumers’ choices

• Consumers’ decisions are not based only on costs!

• Driving pleasure (acceleration, silence)

• Status 

– Early adopters

• Technology lovers, Environmentally-concerned 
drivers 

– Followers

• Friends, Advertising campaign

• Charging infrastructure: range and charging times

• Monetary and non monetary incentives



Modelling individual’s choices and 
simulating EV penetration

Eva Valeri, Romeo Danielis, Simulating the market penetration of cars with alternative fuel\powertrain technologies in 
Italy, Transport Policy 37 (2015) 44–56

Example of a SP choice experiment



Econometric models

1. Multinomial Logit model: 

– to evaluate in a simple manner the monetary value of 
the nonmonetary attributes

2. Mixed Multinomial Logit model:

– to take into account the random nature of the model 
coefficients; 

– to explore the role played by the socio-economic 
variables in determining the model coefficients, and; 

– to account for the correlation among alternatives and 
the panel features of the data set. 



Econometric estimates



Frontline risk solver 
software



Scenario analysis



Conclusions on consumers’ 
preferences

In order for the BEVs to gain significant 
market share all these conditions need to be 
jointly met:

• Subsidy

• Increase in driving range (battery 
improvements)

• Purchasing price cuts (decrease in battery 
costs)



Q3: What the industrial implications?

• Variety

• New firms: Tesla, (Apple)

• New countries: China, India

• New industries: Battery and storage, Solar 
city (cars, battery, storage, PV)

• New business models



Variety: vertical and horizontal
differentiation

A product is mature when it is
highly differentiated. 
Differentiation:
• satisfies consumer’s needs (travel

needs (out of town trips), speed, 
size (family, dog))

• meets different willingnesses to 
pay (income levels)

• It is one of the most important
competitive strategy

The car is one of the most highly
differentiated products (level of 
maturity)



Variety is increasing: BEV, PHEV, EREV (no HEV) in 
the USA

Source: Insideevs.com
Jan. 2012: 9
Jan. 2013: 16
Jan. 2014: 22
Jan. 2015: 24
Jan. 2016: 26
Jan. 2017: 32
Jan. 2018: 42
May, 2019: 45
November 2020: 75; 33 BEV+ 42 PHEV
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US 2020 - BEV

https://insideevs.com/reviews/344001/compare-evs/



US 2020 - PHEV

https://insideevs.com/reviews/344001/compare-evs/



Recent models
• VW: Volkswagen ID.3, ID.4, ID.5  Volkswagen ID 

Crozz, Volkswagen ID Buzz and Cargo Concept
• Audi e-tron SUV, Audi e-Tron GT, Porsche Taycan
• Skoda Citigo, Seat El-Born, Seat Mii electric
• BMW: Mini Cooper SE, BMW i4
• Peugeot e-208, Fiat e500
• Tesla Model Y, Tesla semi, Tesla pick up
• Rivian electric SUVs and pick-ups
• Chinese related: Byton EV SUV, Faraday Future FF-

91, Polestar 2, Vauxhall Corsa-e
• Honda e

• And Toyota???

VW group

100



New Firms: Tesla Motors, (Apple)

• Barriers to entry: The automotive sector was commonly
thought as having high barriers to entry (highly
concentrated)

• Economies of scale: Telsa – 250,000 – Toyota, VW, Ford: 
about 9,000,000 

• Competition: Nissan Leaf, Renault Zoe, GM Chevrolet Bolt, 
BMW i3, BMW i8, eGolf, BYD…

• Profitability: EVs are less profitable than ICEVs. 



Industrial issues
Saving the planet

• Elon Musk presented the Model 3 with the 
motivation to stop climate change. Rhetoric or real 
motivation? 

• CEO only rarely put forward ideological motivations. 
Usual motivations: market share, value for the 
shareholders (profits), being competitive

• A real energy balance has not being presented. Elon 
Musk (Tesla ) and Carlos Goshn (Nissan-Renault) 
speak of zero-emission cars.. 



Financial indicators

Enterprise Value is a measure of a company's total value, often used as a more 
comprehensive alternative to equity market capitalization. The market capitalization of 
a company is simply its share price multiplied by the number of shares a company has 
outstanding. Enterprise value is calculated as the market capitalization plus debt, 
minority interest and preferred shares, minus total cash and cash equivalents. 

Tesla Motors General Motors

Enterprise Value (Nov 20th, 2019): 72.54B 138.71B

Revenue (ttm): 24.42B 144.81B

Profit Margin (ttm): -3.39% 6.19%

Operating Margin (ttm) 0.62% 4.92%

Enterprise Value/Revenue (ttm): 3.09 0.96

ttm = Trailing Twelve Months (as of Nov 20th, 2019 ) 

https://ca.finance.yahoo.com/quote/TSLA/key-statistics?p=TSLA&guccounter=1



Old firms (incumbunts)
Big players’ reaction

• Volkswagen‘s CEO Herbert Diess said that the company will help electric cars go 
mainstream using its new MEB platform, which is developed for the mass market. 
Currently, Volkswagen is at #8 among automotive groups, at a volume 2.5-times lower than 
Tesla in regards to plug-in electric vehicle production, but Diess believes that will change.

• The new MEB platform is expected to lower the price of EVs by 40%, while at the same 
time doubling the range and increasing interior space.

• Another strong point for VW is that they are big in China, which accounts for about half of 
the global plug-in car market. With several mainstream brands around the world and 
production plants all over the globe, as well as placed orders for batteries from CATL, LG 
Chem and Samsung SDI, Volkswagen feels confident that it will be the automaker to take 
electric vehicles mainstream.

INSIDEEVS.COM 13/9/2017 

Frank Lindenberg, Vice President of Finance and Controlling at Mercedes-Benz Cars

• “In the beginning of the cycle we believe that we will have to face a significantly lower 
margin. For some vehicles half of the margin of the vehicles they replace.” “We are still 
aiming for a 10 percent return on sales, but have to be prepared for a kind of transition, 
with a corridor of 8 to 10 percent,”



New Countries: 
China, India



Batteries: a new market



New business models

• Business models 1: direct sales (Tesla) vs. dealership. 
Control margins and sales (Apple)

• Business models 2: Flat energy costs (included in the 
price) with a proprietary charging stations 
infrastructure (Superchargers). Too huge 
investments? 

• Integration: 

– Vertical: Gigafactory (with Panasonic): do not rely 
on external providers, control of the supply chain

– Transport and Energy: Solar City (Cars, 
superchargers, batteries, storage systems, PV)



Q4; What are the main 
determinants?

1. Technological: battery

2. Political: charging infrastructure, monetary 
and non-monetary policies

3. Automotive industry

4. Consumers choices

5. Scientific



Factor n° 1: The EV battery

• Chemistries, , power-to-weight ratio (per unit weight), 
energy to weight ratio (specific energy is energy per unit 
mass) and energy density (per unit volume), cycles (before 
degradation), recharging time, disposal

• In 2015 the most used battery type for electric vehicles is 
Lithium-ion battery. For example: cars Nissan Leaf, Tesla 
Model S, Renault Zoe, BMW i3, BYD e6, Tesla Model X and 
more; battery electric bus: BYD ebus



battery Battery pack Giga-factory



Battery production increases (China, 
South Corea, Japan, USA)

Announced electric vehicle battery pack production 

capacity for 2017–2022, by company
and region.



New industries: Battery and storage 
• Batteries: a new industry

– Panasonic (Japan)

– BYD’s substantial electric bus battery (China)

– AESC, the joint venture between NEC  (Nippon 
Electric Company)  and Nissan

– LG Chem (South Corea) is the supplier for the 
Chevy Volt

– Lithium Energy Japan (GS Yuasa / Mitsubishi) 

– Samsung (South Corea) has a partnership with 
BMW and FIAT

– Epower is the first of a series of small Chinese 
battery makers

– Tesla/Panasonic Gigafactory (opening 2016)

No European big producer: VW?

Solar city (cars, battery, storage, PV)



The cost per kWh
• How to decrease the cost per kWh?

– Cost of materials (battery packs)

– Cost of manufacturing (scale, engineering)

– Increase performance: new batteries (chemistry, solid state)

• Gradual vs. disruptive reduction?

• Range parity, cost parity 

https://about.bnef.com/blog/batt
ery-pack-prices-fall-to-an-
average-of-132-kwh-but-rising-
commodity-prices-start-to-bite/





Range anxiety? The crucial factor: the cost of the battery!



Factor n° 2: the charging infrastructure



Charging infrastructure: up to 150 
kW (350 kW) power



Charging station powered with solar 
panels



How important is the charging 
infrastructure for EVs uptake?

• A ‘chicken or the egg’ dilemma: without the 
massive deployment of EVs, there is no need for 
charging infrastructures; but without charging 
infrastructures, the sales of EVs are hindered by the 
lack of charging solutions and the limited range of 
EV’s.

• Real importance: many trips are commuting trips 
taking place within the available range; Monte and 
Danielis, estimates from Census data, about 95%)

• Psychological importance: range anxiety



Is public intervention necessary? Is 
it sufficient?

• The proprietary private model: Tesla - 616 Supercharger-Stations with 

3,644 charging places (April 2016); 934 Supercharger-Stations with 6,372 charging places 
(September 2017); 

• New business model: Flat (zero) energy costs. Included 
in the price of the car for high end EVs

– Zero variable cost? incentive to travel; marketing trick (not 
extended to the Model 3)

– How much has it costed to Tesla? Is it sustainable? Should it be 
opened to other users?

• Who is going to build the unprofitable chargers (low usage 
highways and roads)? the lower the battery density the more dense 

should the charging network be



Charging stations development

https://evadoption.com/ev-charging-stations-statistics/

https://evadoption.com/ev-charging-stations-statistics/


Europe and Italy

https://www.eafo.eu/electric-vehicle-charging-infrastructure



The charging equipment: the battle for 
the standards

Inductive charging (wireless charging)



Charging power and connectors



Latest news: Ionity network



Charging station powered with solar 
panels: energy and transport 

integration



Competition among charging network

Ionity network
52481: punti di ricarica
(ott. 2020)

1,971 Supercharger Stations with 
17,467 Superchargers



Not only cars



Scooters and motorcyles



Electric Bus
Shenzhen’s transport commission said on Dec. 27 
2017 that it had transitioned its 16,359 buses to 
all-electric models. The city’s 17,000 taxis are 
next (63% of them are already electric). 



Apr 11, 2018 Flixbus launches first 
long-distance electric bus route in 

France



Urban goods distribution

Die London Electric Vehicle Company (LEVC) 
zeigt ein erstes Foto ihres elektrifizierten 
Transporters, der Ende 2019 in den Handel 
kommen soll.

This was a privately organized research initiative at 
the RWTH Aachen University which later became an 
independent company in Aachen
In April 2016, Deutsche Post DHL Group announced 
that StreetScooter GmbH would be scaling up to 
manufacture approximately 10,000 of the Work 
vehicles annually, starting in 2017.



The Tesla Semi is an all-electric battery-
powered Class 8 semi-trailer truck prototype 
which was unveiled on November 16, 2017 
and planned for production in 2019. The 
company initially announced that the truck 
would have a 500 miles (805 km) range on a 
full charge and with its new batteries it 
would be able to run for 400 miles (640 km) 
after an 80% charge in 30 minutes using a 
solar-powered "Tesla Megacharger" charging 
station.

Bundesverkehrsministerium fördert 
umweltfreundliche Lkw
Die Höhe der Zuschüsse beträgt 
12.000 Euro für E-Lkw bis 12 
Tonnen und 40.000 für E-Lkw über 
12 Tonnen. 

Long distance trucks



Special transport vehicles… in Bern



At the airport..



Maritime Transport

In Norwegen geht in diesem Monat die „Future of the Fjords” in Betrieb. Die 42 Meter lange und 15 Meter 
breite Elektro-Fähre mit einem Rumpf aus Kohlenstofffasern bietet Platz für nicht weniger als 400 Passagiere.



Air Transport? 
(15% of CO2 emissions in Germany)

According to FlyingMag, the Magnus 
eFusion two-seat prototype crashed 
near Budapest, Hungary, after it was 
spotted catching on fire. The cause has 
yet to be officially determined. So far, 
the Siemens electric motor doesn’t 
seem to be at fault and the culprit seems 
to lie with the batteries. We are waiting 
for the official report.

Tragic Siemens Magnus eFusion Prototype Accident



Economic policy issues

A. The role of the public authorities: R&D, setting 
the stage, policies

B. The role of the customer

C. The role of the scientific community



International shipping?

139



Decarbonising tranport: is it
possible? The players

Scientific 
research

Automotive 
industry

Consumers

Policies
Electric 

car



Decarbonising tranport: is it possible? 

Avoid, Shift, Improve strategy
– Avoid

• Reduce unecessary trips (land-use, urban planning, 
teleconferences)

– Shift to less carbon intensive modes of transport

– Improve: technology mandate
• Electric vehicles (car, scooters, buses, trains, vans) using

electriciy from renweable souces

• Hydrogen fueled vehicles (coaches, trucks, boats) using
electriciy from renweable souces

• International aviation and shipping?

Effective and efficient policies to decarbonise
transport
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The role of the public authorities

1.Research & Development

–Batteries

–Engine

–Smart grids



Åhman, Max (2006). Government policy and the development of electric vehicles in Japan. Energy Policy, 34  

(4): 433-443.

Government policy and the 
development of electric vehicles in 
Japan



Policy taxonomy

• Taxonomy 1
– Avoid: unnecessary trips, reduce mobility needs, 

shorten trips (techology, spatial planning) 
– Shift: to less CO2 intensive modes
– Improve: 

• Traffic managment: reduced congestion
• fuel efficiency, new propulson systems

• Taxonomy 2
– Pricing: carbon tax, registration tax, congestion tax, 

subsidies, emission permits (ETS)
– Regulation: standards, access restrictions, innovation

enforcement (safety, emissions, noise) 
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The role of the public authorities
2. Setting the stage: energy and environmental goals

– Standards

– Cafe regulation

– COP21

– Air quality regulation

– Banning ICEVs or making them more costly (Netherlands, 
Norway)

• The myth of the level playing field: private and 
collective choices!

• Huge German subsidies on diesel cars

• Unrealistic  EURO standards testing procedures

• Carlos Goshn: «the automotive industry is lead by the 
regulator»



Fonte: ICCT (2019) 

European Standards



Current values: cars



Current values: vans



ICCT (2019) 

International comparison of standards



The role of the public authorities
• 3. Policies

– Investments in charging infrastructure

– Monetary incentives

• Direct subsidies (differentiate per purchasing price)

• Reduced taxes (matriculation tax, property tax)

• Reduced parking fees

– Non-monetary

• Access to zero-emission areas

• Access to restrict areas (city center) or in restricted days

• Exclusion from lottery (China)



Carbon tax vs. Emission trade schemes

• From the business point of view, the carbon tax provides price 
certainty, as the companies subject to the tax know how much they 
will have to pay per tonne of CO2 emitted. From the regulator's 
point of view, the definition of the carbon tax does not guarantee a 
certain level of reduction of emissions, since it is not known a priori 
if companies will decide to pay the tax or to reduce emissions. 

• ETS, by setting a ceiling on emissions, provide the regulator with 
quantitative certainty about emissions. From a business 
perspective, however, price fluctuations within the structure of the 
trading market do not allow for a solid basis for business planning. 

• In the face of these problems, hybrid solutions have been proposed 
and implemented. For example, minimum and maximum price 
limits to prevent prices from being "too low" or "too high". 
Similarly, the carbon tax can be equipped with automatic 
adjustment mechanisms connected to the overall amount of 
emissions.
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Emission trade schemes in practice

• Adopted in Europe since 2005 (green certificates), thanks to the 
agreements linked to the Kyoto protocol. Discussed in Germany. 
Supported by the EU. 

• applied to the energy, iron and steel, mineral products, ceramics, 
paper and civil aviation sectors. They apply to over 12,000 power 
plants and companies in the 28 EU member states, as well as Iceland, 
Liechtenstein and Norway, covering around 45% of the EU's 
greenhouse gas emissions. 

• do not apply to the remaining modes of transport, agriculture and 
building heating. 

• From an initial market price of 30 €/ton CO2 equivalent in 2006, the 
market price of emission permits fell in 2016 to 5 € / ton CO2 eq., 
Euro), probably due to the economic and structural crisis excessive 
generosity in the allocation of quotas.
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Carbon tax in practice

• Applied in Canada and in several European countries such as Finland 
(the first to adopt it in 1990), Denmark, the Netherlands, Norway, 
Switzerland and Ireland. 

• In Italy Lepratti et al., 2017 write that "after an ephemeral transition in 
the late nineties (the tax in 1998, had been introduced with art. 8 of 
law no. 448 of 23 December 1998, in line with the conclusions of the 
Kyoto conference in 1997), in April 2012, the Council of Ministers 
approved the bill on tax delegation, divided into three different 
sectors. One of these sectors was dedicated to the reorganization of 
environmental taxation, in order to promote the growth and 
internalisation of environmental costs in production costs; among the 
intentions of the Ministry of the Environment there was that of 
allocating the tax revenues obtained from the introduction of the 
Carbon Tax to the financing system for renewable sources. To date, the 
measure has not been implemented ".
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Political acceptance
• Some point out that the carbon tax option has a greater 

chance of rapid implementation from an administrative 
point of view than the creation of a separate emissions 
trading scheme. 

• any type of carbon pricing system will require measures to 
alleviate the burden of costs for consumers, especially 
those with limited financial means. This could be done by 
reducing taxes on other energies (e.g. electricity) or by using 
part of the revenue from the pricing system to offer 
reimbursements to households. The new funds could also 
be used to encourage the development of renewable 
energies, thermal insulation programs or renovations of the 
heating system.
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effectiveness
• How much these policies would change people's behavior? Probably not much in the 

short term, and more in the long term. Economists verify these impacts by estimating 
the elasticity of demand. 

• The empirical evidence that we presented above makes us doubt that behavior and 
modal choices can change, both in terms of size and speed of adaptation, so as to 
obtain a significant reduction in CO2 emissions from transport, unless to intervene very 
heavily, but politically unacceptable.

• Evidence from California. 
– California has set a price for transportation-generated carbon emissions, including both gasoline and diesel vehicles since 

2015. Suppliers purchase emission permits for each ton of fuel. This increases fuel costs for drivers. At the current price of 
around $ 15 per tonne, the program adds around half a dollar, 49 cents, to the cost of a liter of gasoline. It has been observed 
that this value is completely irrelevant, being lower than the price difference between the petrol pumps within the city of Los 
Angeles. However, thanks to this program, California has raised over $ 9 billion in permit sales since the beginning of the 
program. This sum made it possible to finance renewable energies, public transport and low-emission vehicles. To help 
alleviate costs for the less well-off classes, a third of the funds raised are intended to improve public transport in the less 
well-off communities. Nonetheless, the effect of these carbon pricing measures on California's CO2 emissions has been nil. 
After the decreases between 2007 and 2013, vehicle greenhouse gases increased every year. 

• Pricing and regulation should be jointly used!
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A challenge for transport economists!

• Which policies are more:

– Effective

– Efficient (private, social)

• Which policies for which country (city)



The role of the automotive industry

They decide how to invest:

• The Nissan-Renault Alliance (Carlos Goshn): 
Nissan Leaf, Renault Zoe

• Tesla Motors (Elon Musk), (Daimler)

• BMW (i3)

• GM Chevrolet Bolt

• Volkswagen: from Dieselgate to EVs



The role of the customer

• The consumer chooses which car to buy



The role of the scientific community

• The researchers choose what to do 
research on



Thank you for your attention!


