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Abstract: The rapid market uptake of battery and hybrid electric cars in Norway is unparalleled. We
examine the fiscal policy instruments behind this development. In essence, the Norwegian policy
consists in taxing internal combustion engine vehicles rather than subsidizing electric ones. There
are 14 different fiscal incentives in place bearing on vehicles, fuel, or road use. All of them are in
some way CO2 -differentiated. In the tradition of positive economics, we derive the price of carbon
implicit in each policy instrument and in the total package of taxes and subsidies. The price of carbon
characterizing the trade-off between conventional and battery electric cars in Norway as of 2019
exceeds €1370 per ton of CO2 . For light and heavy-duty commercial vehicles the corresponding
prices have been conservatively estimated at €640 and €200 per ton of CO2 , respectively. In addition,
the penalty incurred by automakers for not meeting their 2020/2021 target under EU Regulation
2019/631 corresponds to a carbon price of the order of €340 per ton of CO2 . As compared to the
price of emission allowances in the European cap-and-trade system, the price of carbon paid by
automakers and Norwegian motorists is one or two orders of magnitude higher.
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1. Introduction
In 1987, the World Commission on Environment and Development published their
report “Our Common Future” [1], widely known as the “Brundtland report”, whereby the
Commission popularized the term “sustainable development”. Recognizing anthropogenic
climate change as a major threat to humanity and to the planet’s ecosystem, the Commission
identified greenhouse gas (GHG) mitigation as a key prerequisite for sustainability.
Almost three decades later, all nations expressed their commitment to limit the increase
in the global average temperature to less than 2 ◦ C above pre-industrial levels, preferably
to not more than 1.5 ◦ C. By the Paris agreement [2], the signatories are invited to present,
enforce, and gradually reinforce their “Intended Nationally Determined Contributions”
(INDC) toward the 1.5 ◦ C target.
According to Stern [3], “climate change is the greatest market failure the world has
ever seen”. There is widespread agreement among economists that generalized carbon
pricing would be the most cost-efficient way to achieve large-scale reductions of CO2
emissions. There is less agreement, however, regarding the choice of specific carbon
pricing policy instruments, some supporting carbon taxes and others favoring cap-andtrade mechanisms [4]. In essence, both of these imply market correction by means of a
financial penalty.
The European Union (EU) has implemented a cap-and-trade system for GHG emissions, known as the European Union Emissions Trading System (EU ETS) [5]. The system
applies in the entire European Economic Area (EEA), encompassing Norway, Iceland, and
Liechtenstein in addition to EU Member States. It covers somewhere in excess of 40 percent
of all GHG emissions on EEA soil, including intra-EEA aviation, most of the manufacturing
industry and all power plants with an installed effect of at least 20 megawatts.
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The sectors not covered by EU ETS are encompassed by the European Effort Sharing
Regulation [6], including transportation, buildings, agriculture, non-ETS industry, and
waste. Of these, transportation is the largest in terms of GHG emissions. An estimated
25 percent of all GHG emissions in the EU originate from transportation (including intraEEA aviation, covered by the EU ETS) [7]. Close to one half of these emissions come
from private cars. With the global motor vehicle fleet heading toward two billion units by
2030 [8], there is an unequivocal need for large-scale GHG abatement in road transportation.
Sperling and Gordon [8] insist that “The principal solution is electric-drive technology.”
Alternative strategies, such as efficiency improvements to the internal combustion engine
(ICE), enhanced mass transit supply, or substitution of biofuel for fossil fuel, cannot bring
about the amount of GHG reductions called for.
To curb GHG emissions in transportation, the EU has mandated, since 2015, maximum
CO2 emission targets for new passenger cars sold in EU Member States. For each calendar
year from 2020 to 2030, EU Regulation 2019/631 [9] specifies target CO2 emission rates
for each pool of manufacturers bringing new passenger cars or light commercial vehicles
(LCVs) to the EEA market. The target in 2020 and 2021 is 95 gCO2 /km, as weighed together
over all manufacturers selling passenger cars in the EEA.
More lenient targets are set for manufacturers producing heavier than average vehicles.
For passenger cars, the 2020/2021 target increases by 1 gCO2 /km for every 30 kg vehicle
weight above the reference mass of 1379.88 kg. For each car and each gCO2 /km in excess of
the target value (as evened out over all cars sold in a given calendar year), the manufacturer
incurs an “excess emissions premium” of €95. As a matter of “phase-in”, automakers are
allowed to keep 5 percent of their cars out of the calculation in 2020. From 2021 onwards,
every car sold counts toward the manufacturer’s target.
Cars emitting less than 50 gCO2 /km by the New European Driving Cycle (NEDC),
the type approval test procedure in use until 2019 in the European Union, give rise to
“supercredits”, meaning that in 2020, each of these cars is counted twice. The supercredit
multiplicator reduces from 2 to 5/3 cars in 2021 and to 4/3 cars in 2022. From 2023 onwards,
each zero or low emission car will be counted as one.
This supranational regulation is likely to substantially alter the supply of automobiles
in the EEA in the years to come, in terms, primarily, of its split between energy technologies
(powertrains). Until 2019, however, the automobile markets of the various EEA countries
have been affected first and foremost by the respective national taxation systems and fiscal
incentives. A wide variety of automobile taxation systems are in place in Europe [10–12].
Many EEA Member States levy some kind of registration or circulation tax; their structures
and levels differ considerably. Some countries grant subsidies and bonuses to buyers of
battery, fuel cell or hybrid electric cars. Other countries apply CO2 -graduated purchase or
ownership taxes. Some, like France and Sweden [13,14], practice feebates, i.e., bonus-malus
systems, to shift market demand from high to zero and low emission vehicles.
An overview of the resulting markets for new passenger cars in the EEA countries as
of 2019 is presented in Figure 1, where countries are sorted in descending order in terms of
the battery electric vehicle (BEV) market share.
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Figure 1. Energy technology market shares for new passenger cars in the European Economic Area 2019, by country. BEV
Figure 1. Energy technology market shares for new passenger cars in the European Economic Area 2019, by country.
= battery electric vehicle; PHEV = plug-in hybrid electric vehicle; HEV = ordinary hybrid electric vehicle; ICE = internal
BEV = battery electric vehicle; PHEV = plug-in hybrid electric vehicle; HEV = ordinary hybrid electric vehicle; ICE = internal
combustion engine. Data source: [15].
combustion engine. Data source: [15].
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For gasoline cars such a point is 150 gCO2/km, while for (the generally larger) diesel cars
we use 200 gCO2/km as our numerical example. This results in a slope of NOK 1328 = €137
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Table 1. Calculated components of the price of carbon facing Norwegian motorists. Euros per ton of
CO2 as of 2019.

Fuel tax
Registration tax: CO2 component
Registration tax: weight component
VAT exemption for ZEVs *
Ownership tax *
Toll *
Ferry fares *
Income tax on company car use *
Reregistration tax *
Government subsidies *
Sum

Passenger Cars

LCVs

Heavy-Duty Trucks

>200
>400
180
200
140
200
10
[0, 1000]
40
≈0
>1370

200
100
50
≈0
100
150
>0
≈0
10
>30
>640

200
0
0
0
≈0
>0
>0
0
0
≈0
>200

* Irrelevant for comparison between different ICE vehicles.

According to the same source [28], the ferry fare discounts for ZEVs totaled NOK
45 million = appr. €4.6 million in 2019, or about €21 per ZEV per annum. This translates
into a carbon price of about €21/2.145 = €10 per ton of CO2 avoided. Also, by the same
source, the ZEVs’ exemption from reregistration tax on second hand sales amounted to
NOK 185 million in 2019, translating into NOK 820 = €85 per vehicle per annum, i.e.,
€85/2.145 = €40 per ton of CO2 .
The preferential treatment of ZEVs when it comes to taxing the fringe benefit of a
company owned car used for private purposes amounts to NOK 200 million in 2019 [28],
translating into an average of NOK 890 = €92 per BEV per annum, i.e., €92/2.145 = appr.
€43 per ton of CO2 . This average is, however, not very representative, since the tax incentive
addresses only a small percentage of all automobiles sold: those acquired by a private or
public enterprise and put at the disposal of an employee. In these few cases, however, the
tax advantage is considerable. For a less than 3-year-old car selling at, e.g., €40,000 as new,
the annual fringe benefit is valued, by the tax authorities, at €11,241 in the case of an ICE
vehicle and at €6745 in the case of a BEV [29]. For an employee with a marginal income tax
rate of 40 percent, the tax differential is worth around €1800 per year, translating into appr.
€840 per ton of CO2 . For the more expensive vehicle segments typical of company cars, the
CO2 price due to fringe benefit taxation could easily reach €1000 per ton of CO2 .
The government support for fast charging and hydrogen refueling infrastructure
amounted to around €4 million in 2017, but only €0.7 million in 2019, corresponding to
about €2.5 per BEV in the vehicle stock, or a negligible €1 per ton of CO2 [30].
Disregarding the relatively minor incentives due to the reduced parking fees for ZEVs,
and the preferential tax treatment of zero emission company cars, we arrive at a total
carbon price for passenger cars of at least €1370 per ton of CO2 .
For company cars put at the disposal of an employee, one might add another €500–
1000 to the estimated implicit price of CO2 , depending on the automobile retail price level
and on the user’s marginal income tax rate. In this case, the CO2 bill is split between
employer and employee. The registration tax, the value added tax, the ownership tax, and
perhaps also the fuel tax, the ferry fares and the toll bill, could be paid by the employer
rather than by the car user.
The total carbon price shown at the bottom of Table 1 is relevant when comparing an
ICE vehicle to a zero exhaust emission vehicle (ZEV), or to another emission free alternative,
such a walking, bicycling, or abstaining from travel. For comparison between different ICE
vehicles, however, only the three uppermost entries in the table apply, as suggested by the
asterisks. Thus the price of carbon incurred when choosing a gas guzzler over, e.g., a low
emission PHEV is of the order of €780 per ton of CO2 .
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3.2. Light Commercial Vehicles
Most light commercial vehicles (LCVs) are diesel driven and hence subject to the same
fuel tax as diesel driven passenger cars—€200 per ton of CO2 .
LCVs are subject to a set of registration tax rules that are, roughly speaking, 25 percent
of the rates applicable to passenger cars. Thus for these vehicles, we estimate the CO2 and
weight components of the one-off registration tax at roughly €100 and €50 per ton of CO2 .
The VAT exemption for ZEVs is of almost no consequence for LCVs, since most LCV
buyers are VAT-registered companies. The ownership tax and toll rates are the same
for LCVs as for passenger cars. However, their ICE emission rates are generally higher,
resulting in lower carbon prices, of roughly €100 and €150 per ton of CO2 , respectively. The
reregistration tax on second hand sales of LCVs is about one-third of the rate applicable to
passenger cars, hence around €10 per ton of CO2 .
Since August 2019, a subsidy scheme is in place for zero emission LCVs. The subsidy
varies between NOK 15,000 = €1550 and NOK 50,000 = €5150, depending on the power of
the electric motor. As compared to a diesel van, with an assumed life-time CO2 emission
of, say, 50 tons, the subsidy corresponds to a carbon price of at least €30 per ton of CO2 .
In total, the carbon price for LCVs is at least €640 per ton of CO2 (Table 1).
3.3. Heavy-Duty Freight Vehicles
For heavy-duty trucks, the only important tax is the fuel tax, amounting to approximately €200 per ton of CO2 . The weight and Euro-class-graduated annual ownership tax is
too small to have much impact on the choice of heavy-duty freight vehicle technology. The
subsidy scheme for zero emission heavy-duty vehicles and machinery allows for an up
to 50 per cent reimbursement of the extra costs incurred by converting to zero emission
technology. But there are, so far, no statistics available that allow us to calculate the price of
carbon implicit in this scheme. Anyway, its present scope is limited.
4. Uncertainties and Qualifications
The figures shown in Table 1 are, generally speaking, rather cautious estimates. There
are at least six factors that give rise to uncertainty on the upside, and one source of
inaccuracy on the downside.
The downside source of inaccuracy is the electricity tax, which should be taken account
of whenever ICE vehicles are compared to BEVs. In Norway in 2019, the electricity tax was
NOK 0.1583 = appr. €0.016 per kWh. It translates into about €20 per ton of CO2 , lowering
the differential fuel tax component of the carbon price by about 10 percent and the total
carbon price for passenger cars by 1.6 percent.
More important are the following factors, the neglect or conservative assessment of
which serves to underestimate the implicit price of carbon:
1.
2.
3.
4.
5.
6.

Biofuel blend-in;
The European Union Emissions Trading System (EU ETS);
EU regulation 2019/631 on CO2 emission standards for new passenger cars and LCVs;
Discrepancy between type approval and on-the-road emissions per km;
Life-time vehicle mileage;
Parking fee exemptions and discounts.

In Norway as of 2019, motor vehicle fuel suppliers are required to sell a minimum
share of biofuel. Suppliers comply with the mandate by blending a certain amount of
biofuel into the fossil fuel sold. In 2019, the share was approximately 16 percent. To
the extent that this biofuel share is deemed to be climate neutral, the total amount of
greenhouse gas (GHG) emissions from road transportation is up to 16 percent lower than
assumed in our calculations. This would make the real price per ton of CO2 up to 16 percent
higher than the €1370, €640, and €200 estimated for passenger cars, LCVs and heavy-duty
trucks, respectively.
Virtually all thermal plants generating power for BEVs are covered by the EU ETS.
Thus, electrifying the vehicle fleet means moving the sources of emission into the cap-and-
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trade system, without simultaneously raising the cap. In principle, CO2 emissions are
therefore reduced by the full amount of gasoline and diesel combustion avoided when an
ICE vehicle is replaced by a BEV. Hence our calculations are based on the assumption that,
on account of the EU ETS, the marginal GHG emission from driving a battery or fuel cell
electric car is zero.
However, with the recent introduction into the EU ETS of a “market stability reserve”
(MSR), the cap is no longer entirely exogenous, or fixed. From 2023 onwards, when the MSR
exceeds a certain threshold, some surplus allowances will be permanently canceled [31,32].
This introduces uncertainty regarding the final GHG abatement effect of electric vehicles.
Large-scale vehicle electrification in Europe will probably mean that fewer allowances
will be banked and canceled. Hence the final, long-term GHG abatement effect of vehicle
electrification will be smaller than the full amount of gasoline and diesel combustion
avoided [33]. This, again, means that we underestimate the price per effective ton of
CO2 avoided.
Norway is not an EU member. But since January 2019, EU regulation 2019/631 is
incorporated in the EEA agreement, meaning that new vehicle sales in Norway do count
toward the fulfilment of targets laid down for each automaker. The high shares of BEVs
and PHEVs sold in Norway allow manufacturers to market fewer zero and low emission
vehicles elsewhere in the EEA, without incurring higher penalties. Thus, on account of this
overlapping EU regulation, the net effect of the zero and low emission vehicle incentives in
Norway may be somewhat smaller, in terms of global or European GHG emissions, than
recorded for Norway alone. A reduced CO2 abatement effect means a correspondingly
higher price per ton of CO2 emissions avoided.
At least this might be true in the long term, if and when automakers succeed in
bringing their average emission rates down to the specified goal. In the short term, i.e., for
2020 and 2021, such a scenario is less likely, since most automakers appear to be falling
short of their targets, as judged by their performance during January through October
2020 [34]. These automakers will probably prefer to reduce their penalties rather than to
ease up the reins on BEV and PHEV marketing in other EEA Member States than Norway.
Our assumption that on-the-road emissions exceed type approval (NEDC) laboratory measurements by 40 percent is probably on the high side. This figure, relying on
Tietge et al. [17], is roughly representative of driving inside the European Union. Driving in
Norway is slower, less congested, and probably more energy efficient than on EU highways
and in EU cities. This, too, serves to overestimate the life-time amount of CO2 emissions
from an ICE car in Norway and hence to underestimate the price per ton of CO2 .
The same applies to our assumption regarding the mean life-time mileage of a passenger car: 260,000 km may be a bit on the high side. Hence the carbon price implicit in the
purchase taxes—VAT and registration tax—may be somewhat understated.
The price of carbon implicit in parking fee exemptions and free recharging for BEVs
has not been quantified in our summary Table 1. The amounts are unknown, but probably
quite small.
5. Opportunities and Limits to Generalizability
In essence, the Norwegian electrification policy consists in taxing internal combustion
engine (ICE) vehicles rather than subsidizing electric ones. In every EEA country except
Denmark, introducing a Norwegian style set of fiscal incentives in place of the present
automobile taxation and subsidization regime would probably bring massive amounts of
new revenue into the public treasury [14]. Public finance constraints are, in other words,
no argument against the Norwegian incentives. They could, in principle, be replicated by
any country, rich or poor.
But the introduction of electric vehicles in Norway is facilitated by several circumstances not necessarily present in other countries [16]: cheap and abundant electricity,
strong grids, (semi-)detached housing with garage or driveway, ample roadside space for
fast charging facilities, slow roads, strong governance, and widespread tolling and ferrying.
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The absence, in a given country, of all or some of these “drivers” is susceptible to delay
the market uptake of BEVs and PHEVs. It would make the transition to electromobility
slower, more controversial, and more challenging, but not impossible. Increasing economies
of scale are expected to make BEV manufacturing steadily less expensive, and technological
innovation is believed to gradually enhance the energy density of batteries, allowing for
progressively higher range [35–37]. The battery electric cars being three to four times more
energy efficient than conventional (ICE) vehicles, it is generally believed that the operating
costs of BEVs will break even with those of ICE vehicles in a few years’ time, well before
2030, even without preferential tax treatment.
In the EEA countries, the transition to electromobility is helped by EU regulation
2019/631. As of January through October 2020, the combined BEV + PHEV market share
had grown to 36 percent in Sweden, to 28 percent in the Netherlands and to 18 percent in
Germany [34].
Of particular concern to policymakers considering fiscal instruments is the unpopular
extra burden of taxation involved and its perceived impact on equity and fairness. But in
most economies, introducing new, CO2 -differentiated vehicle taxation would affect the
low income groups less than the well-to-do population segments, especially if the vehicle
purchase tax curve is made convex, in which case the buyers of large and powerful luxury
cars would incur a disproportionately higher tax than those who can afford only smaller
and leaner cars. Also, since low income citizens are strongly overrepresented among those
not owning or using a car at all, these groups would, by and large, be less affected than the
more affluent by stiff road, fuel or vehicle taxation. Finally, the equity effects of road, fuel
and vehicle taxation could be further improved by smart redistribution schemes, e.g. by
spending the added tax revenue to reduce VAT on comestibles, subsidize mass transit, or
introduce tax relief in the lower income brackets [24,38]. Communicating the fairness and
wisdom of vehicle taxation to the general public might, nevertheless, represent a challenge.
High vehicle registration taxes in any one country may tempt citizens to circumvent
the tax by registering their vehicle abroad. To close this and other loopholes, strong
governance may be needed. In Denmark and Norway, two countries with high and convex
vehicle purchase tax rates [14], residents are not allowed to drive a foreign registered
passenger car in their own country, except in a few special cases.
In small countries with extensive cross-border commuting and interaction, such
restrictions may be viewed as impractical and at odds with the free flow of people, goods
and services. In these cases, there is an obvious argument for internationally concerted
fiscal governance.
In some countries, governance may not be strong enough to ensure fair and efficient
taxation. In many less developed economies, this might constrain the feasibility of fiscal
incentive schemes. But the equity argument is even stronger here than in the case of more
developed economies: Poor families rarely own their own car, and taxing vehicles and fuel
would not, in general, run counter to equity concerns.
In poorer countries, where transportation may still be far from fully motorized, the
opportunity may exist to leapfrog ICE vehicle technology altogether [39], in a way similar
to how modern mobile phones have made old-fashioned landline telephone infrastructure
nearly redundant. At best, a parallel development may occur in the power sector, allowing solar panels to leapfrog grid infrastructure [40,41]. Certain synergies can perhaps be
reaped, in terms of cost as well as GHG mitigation, if and when inexpensive photovoltaic
technology replaces thermal plants, allowing private households to become energy “prosumers” [42–44], who recharge their vehicles by means of self-produced electricity in a
decentralized, “green” power generation system.
The final GHG mitigation effect of vehicle electrification will depend on the source
of power and on its regulation. For a maximum mitigation effect, electricity generation
should either be fully decarbonized or cap-and-trade regulated in a way that minimizes
carbon leakage.
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CO2 -differentiated road, fuel, and vehicle taxation is not only a financially sustainable
way to ensure a high effective price of carbon. It also helps reduce other external costs of
road use, such as congestion, noise, road wear, and ambient air pollution, simply because
road use demand is reduced. But over time, some of these market correction effects—
especially congestion relief—will be weakened as a result of the tax itself. As vehicle buyers
respond to the high price of carbon, an increasing share of cars will become electrified and
hence benefit from low energy costs and zero or low tax rates.
6. Policy Conclusions
A lot of studies exist on the “social cost of carbon” and on the normative question of
an “optimal” charge on carbon emissions. Our perspective is different. In the tradition
of positive economics, we ask how much economic agents actually pay for their CO2
emissions. How much tax expenditure could consumers and businesses avoid by choosing
zero or low emission vehicles and transportation modes? How can this price be calculated?
As our numerical example, we examine the fiscal policy instruments behind the record fast
market uptake of electric vehicles in Norway.
It is a sobering and educational fact that the price of carbon facing Norwegian automobile owners and users exceeds €1370 per ton of CO2 . For light and heavy-duty commercial
vehicles, the corresponding prices have been conservatively estimated at €640 and €200
per ton of CO2 . These carbon prices probably come a long way to explain the record fast
market uptake of zero exhaust emission passenger cars in Norway, the slower penetration
of electric LCVs, and the relative lack of innovation within the heavy-duty freight vehicle
segment. Fiscal incentives work.
The high carbon prices in Norwegian road transportation result from the fact that
virtually all taxes and subsidies bearing on road use, fuel consumption, or vehicle choice
are CO2 -differentiated. The most important of these are the one-off vehicle registration tax,
the value added tax, the fuel tax, the annual car ownership tax, and the road toll.
Compared to the automobile taxation systems in force in all EEA countries except
Denmark, the Norwegian fiscal recipe brings large amounts of revenue into the public
treasury. It can, in principle, be replicated by almost any country, irrespective of national
public finance constraints. In practice, certain circumstances favoring BEV ownership
and use in Norway may not, or to a much smaller degree, be present elsewhere: cheap
and abundant electricity, strong grids, (semi-)detached housing, ample space, slow roads,
strong governance, and widespread ferrying and toll charges, of which BEVs might be
exempted. The absence of several of these factors may constrain the effectiveness and
applicability of the Norwegian fiscal incentives as an internationally enforceable strategy
for sustainable transportation.
But the transition to electromobility will probably be helped by the impending
economies of scale in BEV manufacturing, by the improving energy density of batteries,
and—in the EEA—by EU regulation 2019/613. The “excess emissions premium” incurred
by automakers not meeting their 2020/2021 target under this regulation corresponds to
a carbon price of the order of €340 per ton of CO2 . This penalty comes in addition to the
carbon price paid by automobile owners and users through the road, fuel, and vehicle
taxation system. To some extent the two policy instruments overlap, increasing the total
abatement effect, but reducing the marginal effect of either instrument, thus yielding an
even higher price per ton of CO2 avoided. As compared to the price of emission allowances
in the European cap-and-trade system as of November 2020, the price of carbon paid by
automakers and Norwegian motorists is one or two orders of magnitude higher.
An economically efficient strategy for sustainability would, in principle, impose the
same price of carbon on all sectors and jurisdictions. But in the case where such a strategy be
politically infeasible, certain sectors may have to endure higher than economically optimal
carbon prices, in order for the GHG mitigation goals laid down in the Paris agreement and
in the European Effort Sharing Regulation to be attainable.
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Subsequent research might usefully examine a wider set of jurisdictions, allowing
for more comprehensive and systematic comparisons between the motor vehicle taxation
systems in force in different areas and countries. The implicit price of carbon is a relatively
straightforward and effective metric for summarizing and comparing GHG mitigation
strategies. Revealing and comparing the respective prices of carbon in various sectors and
jurisdictions may provide valuable insights.
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