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Sustainable mobility and
alternative fuel vehicles.
How can public policy sell you a new car?
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Abstract

To solve issues related to sustainable mobility, and in particular to the sale of alternative fuel vehicles (AFVs),
public policy has to produce a change in the behaviour of citizens. Scholarly research has mainly investigated
the causal power of policy instruments individually, while few studies address how interactions of different types
of policy instrument can causally affect individual behaviour. Building on the policy design literature, a specific
combination of positive and negative inducements can put in motion a mechanism that can change individual
behaviour desirably, by narrowing the possible choices of the policy takers to a single and clear behavioural
pattern. In order to test whether the interaction effect takes place, we will analyse the policy mixes adopted by
five Italian regions to reduce environmental pollution in the period 2000-2005. Qualitative comparative analysis
will be used to identify which combinations of policy instrument were more effective in inducing environmental-
friendly consumer behaviours.

1. Introduction

n some of the most iconic science fiction movies from the 1980s, the future giant cit-

ies of Earth were depicted as densely populated and perpetually battered by acid

rains. During the 1980s, acid rain was a frequent and worrisome event, partly result-
ing from nitrogen oxide (NOy) emissions, mostly stemming from consumer behaviours
- particularly traditional cars’ emissions (Hendrey 1985, Newbery et al. 1990). Eighties
science fiction concocted many elements to lend credibility to this future dystopia:
among them, governments’ failure, overpopulation, and individual egoism, resulting in
path dependency and reliance on heavily pollutant transport and industrial production.
Notwithstanding the fatalism that surrounded this issue in popular culture, in reality,
public policy was extremely effective in curbing NOx emissions: in OECD countries, NOy
fell by 50 percent during the 1990-2020 period (OECD 2020). This was achieved thanks
to a mix of taxation and new regulations which changed consumer and producers’ be-
haviours, by both imposing new standards (compulsory catalytic converters on new
cars) and incentivizing the conversion of old vehicles (Gunningham and Sinclair 1999:
59)-

Acid rains are a distant memory; today’s science fiction dystopias depict our future
as either a barren or a frozen world resulting from climate change. ‘Fleet inertia’ could
once again be relevant in bringing into existence this future scenario: for instance, pas-
senger cars and vans alone contribute to 14.5% of total EU GHGs emissions (European
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Commission 2022). Can we replicate the success obtained with NOx reduction? The pub-
lic policy solution to this problem is more complex since it requires more radical
behavioural adaptation. One crucial measure that could contribute to GHG reduction
would be to gradually substitute internal combustion engine vehicles (henceforth tradi-
tional vehicles) with alternative fuel vehicles (henceforth alternative vehicles).
Alternative vehicles generally have higher purchase costs than traditional vehicles
(Morfeldt et al. 2021). These costs are generally offset during the life cycle of a vehicle,
with many alternative vehicles having lower total costs of ownership than the traditional
vehicles (Rusich and Danielis 2015). In the short run, however, purchase costs may push
people towards preferring traditional vehicles. Hence, public policy is once again para-
mount in speeding up the substitution of traditional vehicles with less-pollutant
alternative vehicles.

The EU started to take action in this policy field after the Treaty of Amsterdam. The
AutoOil Programme II, backed by Directive 98/79/EC, put forward a strategy to meet the
Kyoto Protocol obligations by incentivising the use of alternative fuels for private
transport. In each member state, these measures were implemented by different tiers of
government in accordance with the principle of subsidiarity. In Italy, Legislative Decree
351/99 established a national framework for creating measures aimed at air quality
preservation. Decree 500/99 allocated financial resources to create, both at the national
and the regional level, sustainable mobility measures, including incentives for fuel-effi-
cient vehicles (Nespor and De Cesaris 2009). Italian regions experimented with different
policy mixes to improve air quality and also push the sales of alternative vehicles.

In this research, we will look at the policy instruments adopted by five Italian re-
gions in the context of Decree 351/99. The regions were selected from among the
northern Italian regions with more than two million residents. In this way, we are able
to compare regions with a similar socio-economic composition and administrative ca-
pacity. The resulting sample is composed of Lombardia, Piemonte, Toscana, Veneto, and
Emilia-Romagna. Provided that different policy instruments can achieve the same goal
and considering that the combination of instruments can be more effective than the
adoption of individual policy instruments, the comparison between the five regions will
helpusunderstand what principles should be taken into account when designing a policy
aimed at solving the problem of fleet inertia. Our operational hypothesis is that a combi-
nation of repressive instruments (regulations) and stimulative instruments (financial
incentives) can create a policy which is more effective in changing individual (con-
sumer) behaviours.

The current literature on alternative vehicles offers some preliminary answers to
our research question: we will look at them in Section 2. However, there are research
gaps: Section 3 introduces a research puzzle that is hard to explain with the current find-
ings of the literature on alternative vehicles policy. We then look at the literature on
policy design and how research on the complementarity of policy mixes can provide use-
ful guidance in designing an effective system of incentives as regards alternative
vehicles. Section 4 will discuss the research design. Section 5 will compare the policies of
the five Italian regions when first designing their alternative vehicle incentives during
the 2000-2004 period. In the conclusions, we will be taking stock of the research findings
in light of the existing literature.
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2. Literature review

The development of alternative fuel vehicles is considered to be key in creating a sustain-
able energy policy and fighting climate change (Romm 2006). However, the alternative
vehicles economic sector is one with relevant market barriers and failures. These prin-
cipally consist of: i) financial barriers, including increased costs for consumers; ii)
technical barriers, such as the low density of refuelling and charging facilities; iii) regu-
latory barriers, including regulatory gaps; iv) the public acceptability of alternative
vehicles, related to subjective and intersubjective conditions that influence the decision
to buy an alternative vehicle (Browne et al. 2012).

Since these market barriers de facto hinder the capacity of alternative vehicles to
gain a foothold in the market, it is advisable to tackle these barriers through specific pol-
icy initiatives aimed at making alternative vehicles competitive with traditional vehicles
(Leiby and Rubin 2004). In this regard, any such policy should take into account con-
sumers’ attitudes towards AFVs. The first influencing factor is the purchasing price of
alternative vehicles. In this regard, many researchers have focused on subsidies and tax-
ation as a means to reducing the price gap between alternative and traditional vehicles.
When there are market failures, subsidies can play an important role by ensuring sus-
tainable sales thresholds to alternative vehicles producers, thus ‘tipping’ the market
back into ‘a successful trajectory’ (Shepherd et al. 2012). The second influencing factor
isthe price of petrol: the cheaper petrol is, the harder it is to sell alternative vehicles, even
if alternative fuels have generally lower prices. According to some literature, this factor
is even more relevant than government incentives on alternative fuels purchase: the in-
centives would have a weaker effect than the relative price of fuels on the sale of
alternative vehicles (Diamond 2009, Beresteanu and Li 2011). According to Yeh (2007),
both competitive alternative fuel prices and alternative vehicle subsidies play a role in
enabling the ‘wide adoption of natural gas vehicles’. Natural gas retail fuel price should
be below ‘40-50% gasoline and diesel price’ to be competitive. With regard to subsidies,
they should keep ‘the payback period at 3-4 years’. The two measures need not be adopted
in conjunction, but in absence of one of the two, the alternative vehicles market cannot
develop (Yeh 2007). A second way in which fiscal policy can improve the competitive-
ness of alternative vehicles is by taxing traditional vehicles. In this regard, Browne et al.
(2012) suggest taxing negative externalities ‘such as GHG emissions’ (see also Gass et al.
2014). In the French case, alternative vehicle incentives and traditional vehicle disin-
centives are deployed at the same time, through a ‘bonus-malus’ system: ‘high CO.
emitting cars pay a malus, while desirable non-emitting cars receive a bonus’ (Kerster et
al. 2018). In terms of instrument settings, Shepherd et al. found ‘a modest 6.8% increase
in [conventional vehicles] operating costs’ in terms of both increased fuel duties or ex-
ternal increases in oil prices (2012).

The traditional-alternative vehicles price differential is not the only factor playing
a role in tipping consumers’ choice in favour of alternative vehicles. According to
Petschnig et al. (2014) there are three other factors that can significantly influence buy-
ing attitudes: i) compatibility, i.e., the capacity to retain previous driving habits; ii)
relative advantage, i.e., the unique advantages offered by alternative vehicles compared
to those offered by traditional vehicles; iii) cultural norms and preferences, especially
those related to ecology.
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In this section, we will address the first two dimensions. Concerning compatibility,
one key dimension is the refuelling infrastructure: the absence of an adequate number
of refuelling stations can dissuade consumers from buying alternative vehicles, in con-
sideration of the necessity to change previous driving habits (Sierzchula et al. 2014, Yeh
2007, Egnér and Tosvik 2018). In this regard, the presence of adequate refuelling infra-
structure is considered a necessary condition for the development of the market: in its
absence, consumers will not buy alternative vehicles regardless of other considerations
(such as generous incentives). In this regard, the necessary ratio of alternative-fuel refu-
elling infrastructure to the total number of refuelling stations is between 10 and 20%
(Greene 1998, Nicholas et al. 2004). A second way of conceptualising alternative fuels
infrastructure is in terms of ‘sufficient’ levels of coverage: the ratio which facilitates (in-
stead of simply enabling) the commercialisation of alternative vehicles. In this respect,
Melaina and Bremson (2008) found that the sufficient level of refuelling infrastructures
in urban centres with a density of 2000 people per 2.6 square kilometers is 0.5 stations
per 2.6 square kilometers. Concerning the second dimension, the relative advantage of
alternative vehicles vis-d-vis traditional vehicles, the literature has focused, in recent
years, on non-financial incentives as a way to make alternative vehicles more appealing
- in terms of status, rather than from an economic standpoint (Holtsmark and Skonhoft
2013). Examples of non-financial incentives are special lane access, preferential park-
ing, exemptions from driving bans (Hardman 2019).

3. Research gaps and puzzle

When examining the existing literature on alternative vehicles policies, policy instru-
ments are rarely considered in combination. Even when policy mixes are explicitly
addressed, the potential interaction effects between different types of policy instruments
are seldom explored. Furthermore, when such interactions are studied, the consistency
between observed outcomes and different policy mixes is not thoroughly measured. To
shed light on this research gap, we will analyse the sales of alternative fuel vehicles in five
Ttalian regions during the period 2005-2009. While the cases and operationalisation will
be described in Section 4, we will utilize some of the data to illustrate the research puzzle
in the context of the literature reviewed in the previous section.

Figure 1 illustrates the number of mobility-related measures adopted by each of the
five Italian regions during the 2000-2004 period, aggregated by type of intervention. The
majority of measures pertain to driving bans, while financial incentives to purchase al-
ternative vehicles constitute a significant share of the policy measures adopted by the
regions. Lastly, the category of ‘transport policy measures’ includes all initiatives aimed
at altering the hierarchy between transportation modes, encouraging the use of public
transport, walking, and bicycles instead of private cars (Banister 2008).

Each of these types of measure aimed to reduce the use of traditional vehicles for
transportation. Various causal pathways could be envisioned to achieve this outcome,
such as decreasing private transport through incentivizing public transport usage or in-
creasing the adoption rate of alternative vehicles by either offering direct incentives or
disincentives for traditional vehicles. Each solution complements the intended policy
goal, and low rates of alternative vehicle adoption do not necessarily imply a failure in
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the policy. Nevertheless, an increase in AFV sales can be deemed a sufficient solution for

the policy problem at hand and thus a relevant outcome.

Figure 1. Number of mobility-related measures adopted during 2000-2004 (source: regional official
gazettes, own elaboration)
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Figure 2 depicts the percentage of alternative vehicles in total car sales during 2005-

2009 (source: ACI 2010, own elaboration). Throughout the considered period, the sales

of new AFVs followed a similar trend in all five regions.

Figure 2. Percentage of alternative vehicles in total car sales during 2005-2009
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At the end of the 2005-2009 period, Emilia-Romagna emerged as the best perform-
ing region in terms of alternative vehicle sales over the total number (Figure 3).

Figure 3. Percentage of alternative vehicles in total car sales during 2005-2009
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The literature we reviewed would suggest first focusing on the incentives adopted by
each region: the higher the financial incentives, the higher the sales of alternative vehi-
cles. However, research data present a different picture (Figure 4,). Among the regions
considered, Lombardia provided the most generous incentives (both in relative and ab-
solute terms) during the 2000-2004 period; however, it performed poorly in terms of
alternative vehicle sales during the 2005-2009 period. In contrast, Piemonte outper-
formed Lombardia, even though it did not offer financial incentives to purchase AFVs
during the 2000-2004 period.

Figure 4. Funds for alternative vehicle incentives over total incentives for transport policy during 2000-
2004, millions of euros
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Source: regional official gazettes, own elaboration.
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A second intuitive explanation considers the existing refuelling infrastructure
(Yeh, 2007). Numerous empirical studies have demonstrated that to develop a mature
AFVs market, the number of alternative-fuel refuelling stations (AFRSs) must consti-
tute at least 10-20% of gas/diesel refuelling stations (Nicholas et al., 2004). Figure 5
displays the AFRSs ratio for the five regions. The 10% threshold appears to apply to the
two worst-performing regions, Lombardia and Piemonte. Moreover, three of the best-
performing regions, Emilia-Romagna, Toscana, and Veneto, also boast an AFRSs ratio
above the 10% threshold. However, the refuelling infrastructure alone does not seem ca-
pable of explaining the varying performances of these three regions. Specifically, Veneto
has a more favourable AFRSs ratio than Emilia-Romagna, yet its sales of alternative ve-
hicles are significantly lower.

Figure 5. Percentage of alternative vehicles over total car sales during 2005-2009
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4. Analytical framework: causal mechanisms and policy mixes

In the previous section, we demonstrated that a theory solely based on the effects of in-
dividual policy instruments could not adequately explain the variations in outcomes
between the five Italian regions. A more robust explanation may lie in the different com-
binations of policy instruments (and their relative settings) adopted by these regions.
The interaction between policy instruments can create complex effects; in other words,
the aggregate effects of the policy mix may surpass the sum of its individual parts. To
better elucidate the observed outcomes, we must first attempt to conceptualise how this
interaction operates, which can be achieved by unveiling the causal mechanisms at play.

According to Gerring (2010), causal mechanisms can address the question of ‘how
X causes Y’ by specifying the causal chain that leads from X to Y. Another distinguishing
feature of the mechanistic understanding is the ‘interest in the theoretical process
whereby X produces Y,” involving a ‘transmission of what can be termed causal forces
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fromXtoY’ (Beach and Pedersen 2011: 25). Bechtel and Richardson (1993) and Glennan
(1996) consider mechanisms as ‘systems of interacting parts’. Considering how these
parts interact means viewing mechanisms not merely as isolated components but rather
as the ‘wheel-work’ or agency by which an effect is produced (Hernes 1998: 78). The na-
ture of these interactions is the subject of debate: on one hand, Machamer et al. (2000)
characterize mechanisms as ‘entities and activities organized in a way that they are pro-
ductive of regular changes from start or set-up to finish or termination conditions’. On
the other hand, a substantivalist position does not consider activities ontologically dis-
tinct from entities. In this regard, changes in the properties of the mechanism, in terms
of the presence or absence of entities, can explain the mechanism’s productivity. The
latter perspective is particularly suitable for our analysis, enabling us to conceptualise
each policy instrument as distinct entities while also understanding the effectiveness of
various mixes of instruments. Consequently, mechanisms will be conceptualised as ‘sys-
tems of interacting parts,” where the interacting parts are distinct entities. The resulting
causal model needs to be expressed in the following form (Beach and Pedersen, 2011):

X[(el ) * (e2 =) * (€3 »)]¥

Inotherwords, X causes the outcome Y through the mechanism composed of entity,
in conjunction with entity., and entitys.

4.1. Policy instruments and mixes

Our pragmatic choice to not take activities into account is justified as it would be imprac-
tical to observe how policy instruments are productive of causal effects at the individual
level in the case at hand. The activities of each entity can only be inferred and tested for
congruence. However, as we have discussed, the existing literature on alternative vehicle
policies mostly focuses on the effects of single policy instruments without considering
their combination effects. To overcome this limitation, we can examine policy instru-
ments at a different level of abstraction, focusing on the features that make them work
in a certain way regardless of the policy field.

For instance, an incentive can take various forms and be employed across different
policy sectors; however, its fundamental properties that make it an ‘incentive’ will re-
main unchanged. Conceptualizing policy instruments can be approached in several
ways, starting from different assumptions about their ‘ontology’ (Hood, 2008). Studies
on policy instruments generally analyse them as ‘institutions’, i.e., forms of organization
available to the government (Hood, 1983; Salamon, 2002), or through an ‘institution-
free approach’, focusing on the behavioural effects of these instruments (Schneider and
Ingram, 1990; Bertelmans-Videc, Rist, and Vedung, 1998). In recent years, the literature
on policy design has revisited the concept of policy mix and the combinatory effects of
policy instruments (Grabosky, 1994; Gunningham and Sinclair, 1999; Howlett, 2014,).
Meta-theories on policy instruments and mixes, using both institutionalist and more
‘freewheeling’ approaches, have started to investigate various policy fields (e.g.,
Schaffrin et al., 2014; Capano et al., 2020).

Due to our research question, we are primarily interested in the behavioural effects
of policy instruments and how policy design can enhance (or hinder) their effectiveness.
As Schneider and Ingram (1990: 514) note, ‘public policy almost always attempts to get
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people to do things that they might not otherwise do; or it enables people to do things that
they might not have done otherwise.’ This can be achieved in various ways, with coercion
being the most direct method. As such, most studies classify policy instruments along a
continuum from the lowest to the highest degree of coercivity. However, the effective-
ness of a policy does not necessarily relate to the coerciveness of its instruments. Policy
instruments are generally combined with others, creating policy mixes where different
instruments enhance each other’s effects, resulting in either complementarity (Gun-
ningham and Sinclair 1999) or ‘incoherent pluralism,” where new policy instruments
are added ‘on top of or alongside existing ones’, creating a pattern of layering (Capano
and Lippi 2013).

4.2. The give-and-take approach

According to Van der Doelen (1998: 131), coercive policy instruments are considered the
most effective, but they often lack political legitimacy. Consequently, they are rarely em-
ployed in isolation and are instead combined with other instruments to enhance policy
acceptability. Van der Doelen’s typology distinguishes three types of policy instrument:
the least coercive are based on ‘education’, followed by ‘engineering’ (economic incen-
tives), and then ‘enforcement’ (regulations), which are the most coercive. Additionally,
Bressers (1988) notes that the degree of coercion can also depend on the settings of the
policy instrument; for instance, economic incentives like levies may exert more con-
straint than regulations. To address this complexity, Van der Doelen introduces a second
dimension to the typology, distinguishing between stimulative and repressive forms of
policy instruments based on ‘the extent to which the use of the instrument by the indi-
vidual is optional’. Consequently, a stimulative policy instrument enables individuals to
take certain actions, while a repressive policy instrument restricts their choices. For ex-
ample, in the case of economic incentives, a subsidy encourages individuals to take a
specific course of action, whereas a levy discourages them. However, in both cases, the
fundamental properties of the economic incentive remain unchanged, and individuals
still retain their freedom of choice, despite the altered attractiveness of various alterna-
tives due to the repressive nature of the instrument. Table 1 provides an illustration of
the complete typology.

Table 1. Stimulative and repressive forms of policy instruments

Stimulative Repressive
Education Information Propaganda
Engineering Subsidy Levy
Enforcement Contract Order/prohibition

Source: Van der Doelen 1998,

The give-and-take strategy involves combining stimulative and repressive instru-
ments to create policy mixes with complementary effects. While repressive instruments
are generally more effective in restricting certain policy options, stimulative instru-
ments can influence policy-takers to move in a desired direction. When both types of
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instruments are combined, they can address different aspects of a common policy issue,
leading to increased policy effectiveness (Gunningham and Sinclair, 1999).

An example can illustrate this point more clearly. In 1985, the Netherlands imple-
mented a policy to promote eco-friendly cars. They introduced subsidies to encourage
the sale of cars equipped with catalytic converters. At the same time, the tax rates on con-
ventional cars were increased as a repressive measure to discourage the purchase of non-
ecologicvehicles. The policy employed the repressive instrument of taxation to disincen-
tivize buying non-ecologic cars, while the stimulative subsidies made the purchase of
eco-friendly cars more appealing. The combination of these two instruments made the
policy more precise and effective in directing consumers towards eco-friendly options.
Asaresult, the adoption of eco-friendly cars increased.

Based on this example, our main hypothesis is that by deploying both incentives
(encouraging the purchase of alternative vehicles) and regulations (disincentivizing the
use of traditional vehicles) together, the policy will be more effective in promoting sales
of alternative vehicles. The combination of these instruments can target various aspects
of the policy issue, thereby encouraging consumers to opt for alternative vehicles over
traditional ones and leading to a higher uptake of alternative vehicles on the market.

4.3. Model of causation
The causal mechanism to be tested, based on the give-and-take approach, is as follows:

X [(el incentives —) * (e2 regulations —) * (e3 alternative fuels infrastructure —)]Y

Table 2 presents the causal model (‘truth table’) that results from the three causal
conditions (‘entities’) present in the causal mechanism and described in the previous
two sections: stimulative measures, repressive measures, and capacity measures. When
considering two states (0 = absent, 1 = present), there are 8 possible combinations. Each
row of the model identifies a different combination of the three causal conditions. Based
on the literature on policy instruments, we can develop plausible expectations regarding
the effect that each combination will have on the outcome, which is the sale of alternative
vehicles.

Capacity measures should be considered a necessary condition: with an ASFRs per-
centage lower than 10% of the existing refuelling infrastructure, an alternative vehicles
market will not develop (Yeh 2007). Hence, when combinations 2, 4, 6, 8 occur, we
should observe low or non-existent sales of alternative vehicles. Repressive measures
should be effective even when stimulative measures are absent, but without combining
them, the effects on the outcome could be weaker. A disincentive towards buying tradi-
tional vehicles without incentives towards buying alternative vehicles could also lead
individuals to adopt different modes of transport (e.g., public transport) since the behav-
ioural pattern created by the policy mix does not strongly discriminate between one
mode of transportation or the other. Conversely, stimulative measures without repres-
sive measures can also lead to a lower adoption of alternative vehicles, as there will be
fewer reasons to buy an alternative vehicle instead of a traditional vehicle
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Table 2. Truth table for the causal analysis

Incentives  Regulations Infrastructure

1 1 1 Give-and-take approach with infrastructural capacity

1 1 0 Give-and-take approach without infrastructural capacity
1 0 1 Enabling approach with infrastructural capacity

1 0 0 Enabling approach without infrastructural capacity

0 1 1 Coercive approach with infrastructural capacity

0 1 0 Coercive approach without infrastructural capacity

0 1 Laissez-faire approach with infrastructural capacity

0 0 0 Laissez-faire approach without infrastructural capacity

Source: own elaboration.

5. Operationalisation

5.1. Scope condition

Regarding the scope condition, the causal model introduced in Section 3 will be investi-
gated in relation to a subset of northern Italian regions having a resident population of
over 2 million. This approach allows us to establish a plausible ceteris paribus concern-
ingthe economic wealth of individuals and the region’s size. By selecting regions that are
comparable on these two dimensions, we can avoid distortions due to differing levels of
both purchasing power and administrative capacity. This criterion led us to choose a
group of five regions: Lombardia, Piemonte, Veneto, Emilia-Romagna, and Toscana.
The timeframe in which the implementation of the policy is studied is 2000-2004, and
the outcome will be observed in the five subsequent years, from 2005 to 2009. The as-
sumption is that a five-year period is sufficient to observe how the regional policy mix
impacted the sale of alternative vehicles in the selected regions. While different policy
instruments may impact people’s behaviour in different ways, thus having different
timeframes, the timeframe of the analysis should allow the reader to appreciate the over-
all effects of the policy mixes of the five regions.

During the period of implementation, the five regions exploited the flexibility al-
lowed by national law (see the introduction) to implement policy mixes with different
policy instruments and settings. As shown in Section 2, regions introduced economic in-
centives on top of the alternative vehicles incentives already granted by the national
policymaker. During the 2000-2004 period, in terms of direct repressive measures, only
acompulsory certification for traditional fuel vehicles (the ‘bollino blu’) was introduced.
This certification, however, showed minimal variation between the regions. Moreover,
given the small fee related to the certification (7 to 12 euros), it would be difficult to an-
ticipate meaningful effects on the sales of alternative vehicles. New regulations,
nonetheless, were introduced in 2000-2004, along with the economic incentives: driv-
ing restrictions were mandated in cities with a population of more than 50,000 as an
emergency measure to counter spikes in air pollution. These measures were comple-
mentary to alternative vehicles economic incentives: while they targeted traditional
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vehicles, banning their circulation on given days, these restrictions did not apply to al-
ternative vehicles.

This type of measure, implemented either by design or by chance in conjunction
with incentives to buy alternative vehicles, meets the condition of validity laid down by
Gunningham and Sinclair (1999): it targets a different aspect of a common policy issue.
According to the theory, the simultaneous presence of driving restrictions that target
traditional vehicles and incentives to buy alternative vehicles should create complemen-
tarity, enhancing the overall precision and effectiveness of the policy. On the one hand,
the driving restrictions of traditional vehicles act as repressive measures, making tradi-
tional vehicles less attractive to potential buyers and current users. This alone is not
sufficient to push alternative vehicle sales, as traditional vehicle users could resort to dif-
ferent modes of transportation, such as public transport (which was incentivized in the
same years as well). However, in conjunction with positive incentives towards purchas-
ing alternative fuel vehicles, the probability of preferring this option increases, ceteris
paribus.

5.2. Operationalization of variables: raw measures

To test the causal model developed in Section 3, we compiled a comprehensive dataset of
all sustainable mobility measures implemented by the five regions during the period
2000-2004.. Due to the absence of thematic collections in the regional official gazettes
during that period, we performed manual data collection, focusing on Regional Council
laws and Regional Government decrees. Ensuring the dataset’s exhaustiveness involved
atwo-phase approach. In the first phase, we conducted a thorough search of the Journals
using a set of 18 predefined keywords*. This allowed us to identify a first bulk of laws con-
taining sustainable mobility measures. The second phase consisted in analysing the laws
and decrees collected, searching for normative references to other laws and decrees
missed during research by keywords. Grey literature produced by the five regions during
the 2000-2004 timeframe was used to cross-check the list of legislative acts to be in-
cluded in the dataset. The legislative acts were then analysed to catalogue the measures
contained therein. Each measure was catalogued following the Van der Doelen typology.
The resulting dataset included all the permissive and restrictive measures adopted by
the regions related to alternative vehicles policy. A third condition, as we have discussed,
concerns the alternative fuel infrastructure, which consists in the ratio between alterna-
tive fuel and traditional fuel refuelling stations present in each region. We used data
included in the annual report of Unione Petrolifera (2003) to reconstruct the alternative
fuel infrastructure ratio for each region. Finally, the outcome consisted in the percentage
of alternative vehicles over the total of new vehicles sold throughout the 2005-2009 pe-
riod. To reconstruct the outcome, we relied on the ‘Autoritratto’ dataset produced
annually by the Automobile Club Italia (ACI) which contains the number of new vehicles
registered each year per each Italian region.

! The keywords are: ‘aria’, ‘inquinamento’, ‘qualitd’, ‘atmosferico’, ‘particolato’, ‘PM10’, ‘trasport™,
‘traffico’, ‘riscaldamento’, ‘caldaie’, ‘impiant™’, ‘permess™’, limit*’, ‘monitoraggio’, “polveri’, ‘mobilita’,
‘sostenibile’, ‘risanamento’.
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In the context of our study, we have identified four causal conditions to investigate
the impact of policy instruments on the adoption of alternative vehicles:

1)

2)

3)

4)

Incentives: this causal condition encompasses the positive economic incen-
tives introduced by the regions to encourage citizens and private companies
to purchase new alternative vehicles during the period 2000-2004. To gauge
the relative strength of these incentives compared to other alternative
transport measures (e.g., incentives to strengthen public transport), we
measured the ratio of alternative vehicle incentives to the overall budget al-
located for sustainable transport.

Regulation: this causal condition is a measure of the stringency of driving
restrictions implemented by each region to mitigate air pollution caused by
non-alternative vehicles during the period 2000-2004. To proxy the coer-
civeness of these regulations on individual behaviour, we measured the total
number of hours of driving restrictions enforced during the 2000-2004 pe-
riod.

Alternative fuel infrastructural capacity: this causal condition quantifies
the ratio between the number of alternative fuel refuelling stations and tra-
ditional fuel refuelling stations in each region. It serves as an indicator of
the region’s capacity to support alternative vehicles through infrastructure.

percentage of alternative vehicles over total of new vehicles registered. This
condition assesses the relative strength of alternative vehicle sales during
the period 2005-2009. We calculated this measure by determining the ratio
between the percentage of new alternative fuel vehicles) registered and the
total number of new vehicles registered during the 2005-2009 period.

Table 3 shows the raw measures for the causal conditions and the outcome.

Table 3. Raw measures of the policy instruments adopted by the regions (2000-2004) and the out-
come (2005-2009)
Regulation Alternative fuels % of alternative
Region Incentives (hours) infrastructure vehicles
Lombardia 51.65% 1495 6.99% 5%
Piemonte 0.13% 3285 6.37% 6%
Veneto 11.83% 1224 13.38% 8%
Emilia-Romagna 32.45% 4649 12.12% 14%
Toscana 20.61% 1090 10.82% 7%

Source: own elaboration.

6. Qualitative comparative analysis

In this research, we formulated the research question of identifying the principles that
should be considered when designing a policy to address the issue of fleet inertia. Our

hypothesis,

developed in Section 3, posits that the give-and-take causal mechanism,

through the complementarity between stimulative and repressive measures, can be
more effective and precise in promoting alternative vehicle sales compared to single
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instruments. Based on this research question and hypothesis, we created a causal model
exhaustive of the logical possibilities implied by Van der Doelen typology (Section 3).
The method we use to test our causal model is Crisp Sets Qualitative Comparative Anal-
ysis (GSQca) (Ragin 1987, 2000). Compared with other semi-experimental methods,
CSQca’s causal assumptions make it particularly suitable to answer our research ques-
tion. QCA, in fact, does not seek to isolate the net effects of each variable (as in
multivariate analysis) -- such as the net effects of economic incentives on alternative ve-
hicles sales. What QCA does instead is to gauge ‘multiple conjuctural causality’, i.e., it
identifies the causal pathways that can produce the outcome (Ragin 2005). In doing this,
QCA accepts the possibility that there can be many effective pathways, so that it can
highlight different means to achieve the same result. Moreover, variables (causal condi-
tions in the QCA lexicon) are considered in ‘combination’ when analysing their causal
relation to the outcome.

6.1. Calibration of the conditions

Havingidentified the scope condition and the causal model which will underlie the anal-
ysis, it is necessary to calibrate the raw measures we outlined in Section 6. Compared to
FsQCA, CsQCA uses crisp conditions, coded as o0 or 1. The value ‘1’ means that a case
(e.g., Emilia-Romagna) fully belongs to a set (e.g., regulation). Hence, if Emilia-Roma-
gna scores ‘1’ on the regulation set, it means that in Emilia-Romagna there was strong
regulation during the period under investigation. The value ‘0’ means the absence of a
condition for a given case. If Lombardia scores ‘0’ on the alternative fuels infrastructure
set, it means that in Lombardia the refuelling infrastructure for alternative vehicles is
absent. Given the fact that the empirical support for the analysis is dated, quantitative
measures are less interesting than the general validity of the causal model: this should
make the loss of quantitative information due to the use of crisp sets acceptable. In turn,
the analysis results will be easier to interpret than with FsQCA.

To identify the calibration crossover thresholds (at 0.5 for each causal condition),
we resorted to the TOSMANA threshold-setter function. This allowed us to identify the
natural gaps in the distribution of each causal condition. The only exception was for the
alternative fuel infrastructure condition: we know from the literature that the minimum
threshold to have alternative fuel infrastructural capacity is that the ratio of alternative
fuel refuelling stations to the traditional fuel refuelling infrastructure is at least 10%. The
crossover threshold, the one distinguishing the presence from the absence of a condi-
tion, resulted in the following for each condition:

1. Incentives: crossover at 25.88%.

2. Regulations: crossover at 2874.5 hours.
3. Infrastructure: crossover at 10%.

4. Outcome: crossover at 9.5%.

Table 3 shows the crisp value for each causal condition and the outcome.
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Table 3. Crisp set calibration of the causal conditions

Incentives Regulations Infrastructure Outcome
Lombardia 1 0 0 0
Piemonte 0 1 0 0
Veneto 0 0 1 0
Emilia-Romagna 1 1 1 1
Toscana 0 0 1 0

Source: own elaboration.

6.2. Analysis of the necessary and sufficient conditions

QCA can tell us the necessary and sufficient conditions for both the positive and the neg-
ative outcome. Concerning the necessary conditions, the literature outlined in Section 2
showed that, in the absence of an adequate alternative fuel infrastructure, there can be
no market for alternative vehicles. The csQCA table contained in the Appendix confirms
this finding. The analysis of the necessary conditions for the outcome shows that three
conditions (infrastructure, incentives and regulations) are necessary for the occurrence
of the outcome, with a consistency of 1. This result however is hardly surprising, given
the fact that there is only one instance of positive outcome (Emilia-Romagna). We found
more interesting the analysis of the conditions necessary for the absence of the outcome
(which is signified by the tilde ‘=’). In this case we have no condition that is necessary for
the outcome to be absent. The threshold to consider a condition ‘necessary’ is, conven-
tionally, 0.95. Hence, the analysis confirms that, in the absence of alternative fuel
infrastructural capacity, alternative vehicle sales will be low.

The analysis of sufficient conditions (see Appendix) should show which condition,
or combination of conditions, is able to produce the outcome, hence answering the ques-
tion ‘what works?’. The empirical data confirm that the hypothesized combination:

Incentives * Requlations * Infrastructure

can be considered jointly sufficient in explaining the positive outcome of Emilia-Roma-
gna. On the other hand, the analysis of the sufficient conditions for the absence of the
outcome shows that there are three possible explanations accounting for low alternative
vehicle sales:

1) -—incentives *-infrastructure, in the case of Piemonte the policy mix lacked in-
centives and the AFSR capacity was non-adequate. The strong reliance on
regulation, by itself, was not able to produce a positive outcome in terms of alter-
native vehicle sales.

2) -requlations*-incentives, both Toscana and Veneto share the absence of strong
regulation combined with the absence of stimulative measures. This combina-
tion, by itself, is able to explain the absence of a positive outcome for these two
regions. Itis worth noting that both regions displayed a sufficient infrastructural
capacity. Still, without different forms of public intervention, the sale of alterna-
tive vehicles was still laggard. This could show that a well-developed alternative
fuels infrastructure, i.e., well above the ‘necessary’ threshold of 10%, is not
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sufficient to push alternative vehicle sales, contrary to the expectations devel-
oped by Melaina and Bremson (2008).

3) —requlative*~capacity: in the case of Lombardia, the alternative fuel infrastruc-
ture was absent. On top of this, disincentives to resort to traditional vehicles were
weak; these two conditions explain why, even with very generous alternative ve-
hicles incentives, the overall alternative vehicle sales were low.

7. Conclusions

In this paper, we investigated how public policy can effectively foster the sale of alterna-
tive fuel vehicles. The current literature explains the increase in alternative vehicle
adoption by focusing on economic and cultural factors. It is acknowledged that the pres-
ence of economic incentives and adequate refuelling infrastructures can boost
alternative vehicle sales and change consumer behaviour. However, the current ap-
proach tends to focus on the net effect of single instruments, overlooking the potential
of combinations of different instruments.

This research aims to advance the current knowledge on the role that policy instru-
ments play in promoting alternative vehicle adoption in two ways. Firstly, we explored
the literature on policy design to discuss principles that can assist in designing alterna-
tive vehicle incentives more effectively. We discovered that the pitfalls associated with
theuse of single policy instruments can be overcome by creating mixes of different types
of instruments that exploit complementarity to better influence consumers’ behaviour.
One type of such mixes appears particularly promising for fostering policy effectiveness:
the give-and-take approach. This approach is based on the combination of regulations
and incentives to achieve more precise behavioural changes by targeting the same policy
issue from different angles.

To test the effectiveness of the give-and-take approach, we focused on the sustaina-
ble mobility policies of five Italian regions during the 2000-2004 period. During this
time, these regions created new policy mixes to foster sustainable mobility in their major
cities, including both regulations and incentives to buy alternative fuel vehicles. To ana-
lyse the effectiveness of the give-and-take approach, we employed QCA (Qualitative
Comparative Analysis).

In comparison with the current literature, we found that while incentives and infra-
structural capacity are necessary to foster alternative fuel vehicle sales, they are less
effective when not combined. Incentives for alternative vehicle purchases work better at
changing consumer behaviour when coupled with restrictive measures (regulations)
that target traditional fuel vehicles. In this scenario, the desirability of alternative fuel
vehicles increases. However, regulations targeting traditional fuel vehicles alone could
be insufficient to foster alternative vehicle sales, as consumers may prefer alternative
modes of transport (such as public transport) due to the perceived high cost of alterna-
tive vehicles. It is the combination of the two instruments - stringent regulations and
adequate incentives - that creates a clear pattern towards the desired behaviour, i.e., pur-
chasing an alternative vehicle. The combination of complementary instruments, by
increasing the precision of the single instruments, is crucial in enhancing the effective-
ness of the policy.

220



DONATI

References

ACI (2010). Autoritratto 2010. https://www.aci.it/laci/studi-e-ricerche/dati-e-statistiche/
autoritratto/autoritratto-2010.html

Banister, D. (2008). The sustainable mobility paradigm. Transport policy, 15(2), 73-80.

Beach, D., & Pedersen, R. B. (2011). What is Process-Tracing Actually Tracing? The Three Var-
iants of Process Tracing Methods and Their Uses and Limitations. The three variants of
process tracing methods and their uses and limitations.

Bechtel, W., & Richardson, R. C. (2010). Discovering complexity: Decomposition and localiza-
tion as strategies in scientific research. MIT press.

Beresteanu, A., & Li, S. (2011). Gasoline prices, government support, and the demand for hy-
brid vehicles in the United States. International Economic Review, 52(1), 161-182.

Bressers, H. T. A. (1988). A comparison of the effectiveness of incentives and directives: the
case of Dutch water quality policy. Review of Policy Research, 7(3), 500-518.

Browne, D., O’Mahony, M., & Caulfield, B. (2012). How should barriers to alternative fuels and
vehicles be classified and potential policies to promote innovative technologies be evalu-
ated?. Journal of Cleaner Production, 35,140-151.

Capano, G., & Lippi, A. (2013, June). Enlightening policy mix complexity: A typology of actors’
choices. In Proceedings of the 1st International Conference on Public Policy (ICPP), Gre-
noble, France (Vol. 28).

Capano, G., and Pritoni A. (2020) What really happens in higher education governance? Tra-
jectories of adopted policy instruments in higher education over time in 16 European
countries. Higher Education, 80,989-1010.

Diamond, D. (2009). The impact of government incentives for hybrid-electric vehicles: Evi-
dence from US states. Energy policy, 37(3), 972-983.

Doern, G. B., & Wilson, V. S. (1974). The concept of regulation and regulatory reform. Issues in
Canadian public policy, 8-35.

Egnér, F., & Trosvik, L. (2018). Electric vehicle adoption in Sweden and the impact of local
policy instruments. Energy policy, 121, 584-596.

European Commission (2022). EU economy greenhouse gas emissions in Q2 2022.
https://ec.europa.eu/eurostat/web/products-eurostat-news/-/ddn-20221115-2

Gass, V., Schmidt, J., & Schmid, E. (2014). Analysis of alternative policy instruments to pro-
mote electric vehicles in Austria. Renewable Energy, 61, 96-101.

Gerring, J. (2010). Causal mechanisms: Yes, but.... Comparative political studies, 43(11), 1499-
1526.

Glennan, S. S. (1996). Mechanisms and the nature of causation. Erkennitnis, 44(1), 49-71.

Greene, D.L., 1998. Survey evidence on the importance of fuel availability to choice of alterna-
tive fuels and vehicles. Energy Studies Review 8(3), 215-231.

Grabosky, P. N. (1994). Beyond the regulatory state. Australian & New Zealand Journal of
Criminology, 27(2),192-197.

Gunningham, N., & Sinclair, D. (1999). Integrative regulation: a principle-based approach to
environmental policy. Law & Social Inquiry, 24(4), 853-896.

Hardman, S. (2019). Understanding the impact of reoccurring and non-financial incentives
on plug-in electric vehicle adoption-a review. Transportation Research Part A: Policy and
Practice, 119, 1-14.

221



Sustainable mobility and alternative fuel vehicles

Hernes, G. (1998). Real virtuality. Social mechanisms: An analytical approach to social theory,
74,101.

Hendrey, G. R. (1985). Acid deposition: a national problem. In Acid Deposition: Environmen-
tal, Economic, and Policy Issues(pp. 1-15). Boston, MA: Springer US.

Holtsmark, B., & Skonhoft, A. (2014). The Norwegian support and subsidy policy of electric
cars. Should it be adopted by other countries?. Environmental science & policy, 42, 160-
168.

Hood, C. (1983). Exploring government’s toolshed. The Tools of Government, 1-15.

Hood, C. (2008) The Tools of Government in the Information Age, in Goodin, R., Moran, M.,
Rein, M. (eds.) The Oxford Handbook of Public Policy, Oxford Academic Press, Oxford,
469-481.

Kester, J., Noel, L., de Rubens, G. Z., & Sovacool, B. K. (2018). Policy mechanisms to accelerate
electric vehicle adoption: a qualitative review from the Nordic region. Renewable and Sus-
tainable Energy Reviews, 94,719-731.

Leiby, P., & Rubin, J. (2004). Understanding the transition to new fuels and vehicles: Lessons
learned from analysis and experience of alternative fuel and hybrid vehicles. In The Hy-
drogen Energy Transition (pp. 191-212). Academic Press.

Machamer, P., Darden, L., & Craver, C. F. (2000). Thinking about mechanisms. Philosophy of
science, G7(1), 1-25.

Melaina, M., & Bremson, J. (2008). Refueling availability for alternative fuel vehicle markets:
sufficient urban station coverage. Energy Policy, 36(8), 3233-324.1.

Morfeldt, J., Kurland, S. D., & Johansson, D. J. (2021). Carbon footprint impacts of banning
cars with internal combustion engines. Transportation Research Part D: Transport and
Environment, 95,102807.

Newbery, D. M. (1990). Acid rain. Economic Policy, 5(11), 297-346.

Nicholas, M. A., Handy, S. L., & Sperling, D. (2004). Using geographic information systems to
evaluate siting and networks of hydrogen stations. Transportation Research Record,
1880(1),126-134.

Novotny, A., Szeberin, I., Kovacs, S., & Maté, D. (2022). National Culture and the Market De-
velopment of Battery Electric Vehicles in 21 Countries. Energies, 15(4), 1539.

OECD (2023), Environment at a Glance Indicators, OECD Publishing, Paris,
https://doi.org/10.1787/acab8b8g-en (accessed on 29 July 2023).

Petschnig, M., Heidenreich, S., & Spieth, P. (2014). Innovative alternatives take action-Inves-
tigating determinants of alternative fuel vehicle adoption. Transportation Research Part
A: Policy and Practice, 61,68-83.

Romm, J. (2006). The car and fuel of the future. Energy policy, 34(17), 2609-2614.

Rusich, A., & Danielis, R. (2015). Total cost of ownership, social lifecycle cost and energy con-
sumption of various automotive technologies in Italy. Research in Transportation
Economics, 50, 3-16.

Salamon, L. M. (2002). The tools of government. A guide to the New Governance. New York:
Oxford University Press.

Schaffrin, A., Sewerin, S., & Seubert, S. (2014). The innovativeness of national policy portfo-
lios—climate policy change in Austria, Germany, and the UK.Environmental
Politics, 23(5), 860-883.

Schneider, A., & Ingram, H. (1990). Behavioral assumptions of policy tools. The journal of pol-
itics, 52(2), 510-529.

222


https://doi.org/10.1787/ac4b8b89-en

DONATI

Shepherd, S., Bonsall, P., & Harrison, G. (2012). Factors affecting future demand for electric
vehicles: A model based study. Transport Policy, 20, 62-74.

Sierzchula, W., Bakker, S., Maat, K., & Van Wee, B. (2014). The influence of financial incen-
tives and other socio-economic factors on electric vehicle adoption. Energy policy, 68,
183-194.

Van der Doelen, F. C. (1998). The “give-and-take” packaging of policy instruments: optimiz-
ing legitimacy and effectiveness. Carrots, sticks and sermons: Policy instruments and
their evaluation. New Brunswick: Transaction Publishers.

Yeh, S. (2007). An empirical analysis on the adoption of alternative fuel vehicles: The case of
natural gas vehicles. Energy policy, 35(11), 5865-5875.

223



Sustainable mobility and alternative fuel vehicles

Appendix
QCA Tables

Analysis of Necessary Conditions
Outcome variable: outcome

Conditions tested:

Consistency Coverage
capacity 1.000000 0.500000
~capacity 0.000000 0.000000
stimulative 1.000000 0.333333
~stimulative 0.000000 0.000000
regulation 1.000000 0.500000
~regulation 0.000000 0.000000

OQutcome variable: ~outcome

Conditions tested:

Consistency Coverage
capacity 0.333333 0.500000
~capacity 0.666667 1.000000
stimulative 0.666667 0.666667
~stimulative 0.333333 1.000000
regulation 0.333333 0.500000
~regulation 0.666667 1.000000

——— INTERMEDIATE SOLUTION ——-
frequency cutoff: 1.000000
consistency cutoff: 1.000000
Assumptions:

regulation (present)

capacity (present)

raw unique
coverage coverage
consistency
regulativexstimulativexcapacity 1.000000 1.000000
1.000000

solution coverage: 1.000000
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Cases with greater than 0.5 membership in term
regulationkstimulativexcapacity: EMILIA-ROMAGNA (1,1)

skeokoksroRsRRRRoR KRR KRR KK KK
*TRUTH TABLE ANALYSISx
skekekskorokokokokeokskokkokokkokskokokok

File: //psf/SHARING_IS_CARING/crisp_set.csv
Model: ~output = f(regulation, stimulative, capacity)

Rows: 6

Algorithm: Quine-McCluskey

True: 1
@ Matrix: oL
Don't Care: -

——— INTERMEDIATE SOLUTION ——-
frequency cutoff: 1.000000
consistency cutoff: 1.000000
Assumptions:

~regulation (absent)

raw unique
coverage coverage
consistency
~stimulativex~capacity 0.333333 @.333333
1.000000
~regulativexstimulative 0.666667 0.666667
1.000000

solution coverage: 1.000000
solution consistency: 1.000000

Cases with greater than 0.5 membership in term
~stimulativex~capacity: PIEMONTE (1,1)
Cases with greater than 0.5 membership in term
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