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Abstract: The European Union aims at net-zero emissions by 2050. A key sector to achieve this goal is
road transport, where emissions show no signs of reducing but continue to grow. A review of policies
undertaken by EU member states and the G20 to reduce transport emissions reveals that both present
and planned policies focus on binding supply-side measures, but offer only weak demand-side
incentives. To address this imbalance, we developed a downstream, demand-side policy prototype
through an expert interview design process. We call the prototype “cap-and-surrender” because
it caps road emissions, and then allocates tradable emission allowances to individual vehicles that
drivers surrender at each fill-up. Allowance pricing, both by the state and in the secondary market,
is designed to incentivize decarbonization of the sector. Though the system would require significant
investment, its revenue potential to the state should exceed this investment by several multiples.
We discuss the potential economic, environmental and social impacts of the policy, as assessed by
European transport experts. We find that the approach can deliver significant transport emission
reductions in an effective and economically efficient manner. Through the appropriate design of
national allocation rules and a gradual phasing in of cap and surrender, potential negative social
consequences can be mitigated, and public acceptance of the policy promoted.

Keywords: road transport; policy review; cap and trade; decarbonization of the transport sector;
societal impact; economic and environmental impacts

1. Introduction

The European Union aims at net-zero emissions by 2050. As laid down in the European Green
Deal [1], the EU’s commitment to the Paris Agreement [2] and the 2050 long-term Climate Strategy [3],
this requires a comprehensive lowering of greenhouse gas (GHG) emissions across all sectors of the
economy to the point where offsetting remaining GHG emissions can occur through natural and
technological processes. Almost all sectors have shown progress toward this goal, with transport being
the notable exception. While overall GHG emissions declined in Europe by 22.5% from 1990 to 2018,
total transport emissions increased by more than 23%.

Road transport emissions played the leading role in this increase, growing almost 27% over the
period and accounting for almost 95% of all transport emissions by 2018. The share of road transport in
overall emissions rose from less than 13% in 1990 to almost 21% in 2018 [4]. The principal contributors
to these emissions are passenger cars and light-duty vehicles, together responsible for almost 70%
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of transport emissions in 2018 and 15.1% of total GHG emissions in the EU. These vehicles are thus
recognized as the main drivers for the significant growth of overall transport emissions in the EU [4,5].

Given the importance of curbing road transport emissions, all EU member states have put
comprehensive policies in place, drawing from those in other countries and regions that face the
same challenges, notably the US, China and the G20. These policies principally target supply-side
actors—namely, car manufacturers and fuel suppliers. The rationale behind this approach rests on
strong arguments for regulatory capacity [6,7] or economic efficiency [6,8,9], with a limited number of
suppliers being thought easier to regulate than the considerably larger number of demand-side actors
in their cars and light-duty vehicles.

Though the rationale for a supply-side focus may be strong, there is the risk of artificially
limiting policy options. A case in point is the debate over including road transport in the European
emission trading scheme (EU ETS). The issue has been addressed by many studies and papers (see,
for example, [6,8–15]), with some dismissing the idea as inferior to the standards-based approach [9,16]
and others concluding that, while the idea might be feasible, immediate reductions in road transport
emissions are not likely [8,9] for two key reasons. First, there is the low price elasticity of demand in
transport [15]. Second, the carbon price signal is obscured by overall fuel costs and thus has only a
marginal effect on CO2 emissions [10,17].

This begs the question of whether it might be possible to design a policy that makes the carbon
costs more visible to car and truck owners and encourages these demand-side actors to participate
more directly in reducing road transport emissions. A search of the literature yields few studies that
follow this approach, which prompted us to consider how such a policy might be designed. This led to
the three research questions that motivate this paper:

RQ1 Can elements for an alternative cap-and-trade model be found in the national policy toolboxes of
key road transport countries—namely the US, China and G20 and the EU Member States? Do the
latter report any such models in their National Energy and Climate Plans?

RQ2 Which elements could be prototyped into a demand-side “cap-and-surrender” scheme addressing
road transport emissions?

RQ3 How do European transport experts assess the environmental, social and economic impacts of this
prototype, and what mitigating measures could be used to limit its potential negative impacts?

The remainder of the paper is structured as follows: Section 2 presents our methodology,
comprising both qualitative and quantitative methods. Our first research question is taken up in
Section 3, which then serves as the basis in Section 4 for developing our policy prototype (RQ2) and
the subsequent impact assessment (RQ3). We discuss the validity of our results in Section 5 and draw
conclusions in Section 6.

In this paper, we use the road transport sector to comprise passenger cars and light-duty vehicles
as defined by European Parliament 2007 and applied in Regulation (EU) 2019/631 [18,19]. We make
no distinction between passenger cars and light duty vehicles (LDV) in our model, which further
considers only CO2 emissions. Our geographical reference is the European Union (EU) or, if indicated,
its member states. The term country-wide refers to a single or a group of EU member states.

2. Methodology

Building on the transport policy analyses put forward by [15,20–29], we applied a three-step
mixed-method approach to develop and validate an alternative cap-and-trade model. In step one,
a qualitative review was conducted to identify policy gaps; in step two, the review was used to develop
a prototype policy instrument. In step three, a quantitative review was done to analyze the impacts
and implications of such an instrument.
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2.1. Qualitative Review

In our qualitative review, we sought to characterize the status quo of road transport policies in the
EU. Through a computer-aided screening of relevant peer-reviewed and grey literature, we conducted
a comprehensive review of transport policies and measures in the EU, as well as in the US and
China. We used Science Direct, EconLit and the Genios databases to retrieve suitable peer-reviewed
material—the latter also to identify press and internet reviews.

We further screened document repositories of the European Commission (DG Climate Action,
DG MOVE and DG Energy), the Cordis database (Community Research and Development Information
Service), the EU Joint Research Centre’s Publication Repository and the publications of the European
Environment Agency. The Legislative Observatory (OEUIL) of the European Parliament allowed us to
track the latest information on transport sector regulation. The reports and databases of the International
Energy Agency (IEA), the Organization for Economic Cooperation and Development (OECD) and
national sources in the US and China provided additional raw materials for our policy review.

The material retained for analysis consisted largely of primary sources, such as legislative
texts, impact assessments, research studies and policy reports. In total, our combined literature
pool held 132 documents that together represent the status quo of road transport policies in the EU.
However, with the exception of GHG reductions, contributions of member states to EU policy objectives
are not laid down at the EU level. Rather, the EU Governance Regulation asks member states to outline
their policies in their National Energy and Climate Plans (NECPs), which were due at the Commission
March 2020. Hence, to complete our qualitative review, we also went through the available NECPs to
gain insight into additional intended transport measures.

2.2. Prototype Development

Our qualitative review revealed an ongoing scientific and political discussion on the limitations of
existing policy instruments. This led us to prototype an alternative approach to tackle road transport
emissions, which we name “cap and surrender”. The prototyping followed the methodology of
“design thinking” as laid out in [30,31]. Using a panel of 21 experts drawn from masterclass mobility
students and specialized transport experts, we went through several rounds of Delphi interviews,
each round leading to a more refined version of the concept. Delphi interviews are commonly used to
retrieve qualitative feedback on a broad variety of scientific topics [32–35]. As they are, by definition,
subjective, we sought to reduce subjectivity by running the prototyping process in various rounds and
with different expert groups. Once we had a prototype concept worthy of systematic investigation,
we subjected it to ratings on key performance metrics by a panel of transport experts, ratings we could
then analyze quantitatively.

2.3. Quantitative Analysis

In this third step, we used feedback from earlier transport workshops and EU stakeholder
consultations to identify 105 transport experts to analyze the prototype concept. These included
experts from specialized think tanks and industry, as well as policy makers at EU and member state
levels. The experts received a presentation of the concept (Annex I) and a subsequent link to an online
questionnaire. Links were emailed out on 21 April 2020, and the survey closed on 7 June 2020. In total,
52 responses (49.5%) were received. However, 22 had to be discarded as invalid because of random
response patterns (e.g., straight or diagonal lines in filling out the Likert scales of the survey). A set of
30 valid replies could be further processed, representing 28.5% of the sampled population.

2.3.1. Survey Design

The survey followed a semi-structured design that allowed for comparing results to existing
reviews of transport policy instruments. In line with the impact assessment guidelines of the European
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Commission [36], we distinguished between environmental, economic and social consequences,
as well as a criterion of practicability. The survey contained five parts:

(1) Assessment of (environmental) policy effectiveness;
(2) Feedback on economic aspects;
(3) Assessment on social impacts of the scheme;
(4) Feedback on (political) feasibility aspects;
(5) Mitigating measures to increase political acceptance.

The survey comprised 37 questions and took from 15 to 20 min to complete. A mix of Likert
scales, closed ranking and open questions were used. The Likert scales used an even number of items
to allow for clear conclusions and avoid a statistical “average choice bias” [37]. Even scales ranged
from one to six, with items transcribed into verbal cues (e.g., one—“do not agree at all” to six—“fully
agree”). This was done to avoid confusion with some national school grading systems, where one
denotes the highest level of performance. Interviewees were asked to reply based on their personal
situation and experience.

2.3.2. Analysis of Data

We used IBM’s SPSS Data Analysis Software on the questionnaire data. For each assessment
of impacts, descriptive and inferential statistics were calculated per response item to: (1) examine
views on environmental effectiveness of the scheme; (2) assess economic consequences, as perceived by
stakeholders; (3) assess perceived social impacts; (4) gain insights on practicability and acceptance issues.

Results were subjected to cluster analyses. Our first clustering was by professional group,
using four categories: NGO, public sector, think tank, and business or other. Our second clustering
was by experience in policy evaluation and design, using a Boolean yes or no. The impact items were
analyzed both intra- and intergroup, applying the following methods:

i. Intra-class correlation coefficient (ICC) tests to check consistency among surveyed experts from
the same city.

ii. Summarization of open-ended questions to identify strengths and weaknesses of the concept.
iii. Intergroup-comparison based on Kruskal–Wallis; Kruskal–Wallis allows us to detect differences

between the stakeholder groups as we expect the assessment of policy impacts to differ
between stakeholders.

iv. Mann–Whitney U-Test to compare the averages of the two independent groups per item, in the
case of statistically significant differences between two groups.

v. Correlation analysis of the impact items against each other at aggregate and detailed levels using
Kendall’s tau rank, preferred over Spearman’s rank for small sample sizes [38].

vi. For the read-out of the data, we report median, SD as well as percentile values and skewness.
In addition, we present the Kolmogorov–Smirnov D test statistic and its related p-values.

2.3.3. Validation of Results and Cross-Examination

To corroborate our findings and investigate open points, we hosted a workshop on transport
governance under the aegis of the Friedrich-Ebert-Foundation. The workshop was hosted online on
18 June 2020 and included six EU transport experts representing industry, NGOs and civil society.
Following a presentation of both the policy prototype and survey results, we solicited feedback through
two rounds of semi-structured discussions.

2.4. Summary of Methodology

Table 1 summarizes the process of developing and assessing the “cap-and-surrender” policy prototype.
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Table 1. Process of establishing and validating model.

Phase Aim Method Method Specifics Stakeholder
Participation

1 Identify current and planned
transport policies Qualitative

• Literature review
• Content analysis
• Read-out of impact assessments

and NECPs

-/-

2
Develop prototype of the

“cap-and-surrender” model Qualitative • Literature and policy study analyses -/-
• Delphi expert interview rounds 21

3 Assess and refine the policy model Quantitative

• Computer-aided
semi-structured questionnaires

• SPSS analyses of data
105/30 valid

• Workshop with validation of results
and semi-structured discussion of
impact assessment

6

Source: Authors.

3. Current and Planned Transport Policies

Reducing greenhouse gases in transport policies is a topic which is researched from many
perspectives, spanning from transport efficiency [39,40], transport costs and emissions factors [41,42],
transport modes in the EU [43,44] and more recently the use of big data [45,46] for designing mobility
policies as well as technology transfer and innovation [47]. A clear gap in literature is the analysis of
alternative policy instruments that focus on demand-side policies.

Our first research question was whether elements for an alternative cap-and-trade model could be
found in the national policy toolboxes of key road transport countries. To investigate, we performed a
comprehensive qualitative review of the transport policies in those jurisdictions that might inspire EU
policies, namely instruments at the G20 level, as well as national regulations in the US and China.

3.1. Policy Instruments

All instruments have in common that they seek “to change behavior in order to produce desired
outcomes” [48], which in the case we are studying means reducing emissions from the road transport
sector. Instruments are applied as either a “push” or “pull” strategy. “Push” measures are generally
more restrictive and shrink behavior options [49,50]. Consequently, they imply enforcement and
possibly sanctions or penalties for compliance failure. “Pull” measures on the other hand enlarge
behavior options by offering new opportunities and incentives, but do not entail any sanctions or
penalties should these be declined.

Instruments can further be distinguished by the different points of regulation. Supply-side policy
aims to change the behavior of car manufacturers and upstream actors in the oil and gas industry.
Demand-side policy aims to change the behavior of the consumer side of the sector—i.e., car holders
and drivers.

3.2. Policies in G20 Economies

Table 2 shows the number of policy measures our qualitative review found, classified by type of
strategy and point of regulation.

Table 2. Number of push and pull measures on the supply and demand side of the road transport
sector in G20 states.

Supply Demand

Push 55 26
Pull 43 72

Source: Reference [51].
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3.2.1. Supply-Side Policies

On the supply side, push measures outnumber pull by about 30%. Regulatory push measures
target car manufacturers and fuel suppliers and include emission standards for light (14) and heavy-duty
vehicles (7) as well as measures that aim at promoting biofuels through mandatory targets for fuel
suppliers (17). Examples of the latter are the application of a quota for biofuels in China [52–54],
and actions that support the transition to zero-emission vehicles (ZEV) [15,22] through biofuel use [55].
Mandatory vehicle labelling is also common (16), but only China (1) has established mandatory electric
vehicle quotas.

Overall, fuel efficiency standards in combination with ZEV promotion policies and biofuel targets
represent the main elements of the prevailing strategy in the G20 jurisdictions to cope with CO2

emissions from the road transport sector [56–58]. All economies use standards as core regulation policy
embedded in a broader policy mix that differs from country to country.

The standards commonly enforced apply to emission levels and fuel efficiency [10,12,19,23,55,59–63].
This pattern exists in all economies, including the EU [18,29,64–68], the US [13,60,69–71] and
China [23,52,53,55,72]. Standards serve to frame further regulatory actions. Testing procedures provide
the basis for standards [26,73], define how technical compliance is assessed, allow for assessing the
effectiveness of standards in reaching emission reduction targets [74], and provide for potential increases
in target stringency [21].

3.2.2. Demand-Side Policies

On the demand side, pull measures are almost three times as common as push measures.
They include national programs to support the shift to public transport (19); support for zero or low
carbon vehicles (23); support for non-motorized transport (12); the provision of information such as
labelling (16). Often, measures addressing the demand side, such as fiscal treatment of company
cars, road and parking charges, as well as subsidies, are considered as complementary measures to
supply-side fuel efficiency standards [14], while awareness-raising and eco-driving represent clear
examples of demand-side “pull” measures [75].

Push measures on the demand side exist exclusively in the form of road charges (13) and taxes (13).
They are widely applied—many contain CO2 elements (CO2 tax, circulation or registration tax,
bonus-malus with and without CO2 elements), but demonstrate only limited effects in cutting CO2

emissions [17]. Schmitz [76] demonstrates that taxes and road charges are usually too weak and
“fall grossly short of achieving the carbon dioxide reductions which scientists consider necessary or
desirable”. The societal and political challenges of raising tax rates are cited as the main obstacles to
tax levels that might achieve the desired reductions. Still, non-financial considerations cast further
doubt on the effectiveness of higher tax rates [49].

3.3. Policies in the EU

In the EU, transport policies are, on the whole, designed at the national level to best adapt to
national circumstances. Policy measures are communicated to the European Commission where
they are recorded in the European Environmental Agency’s database on policies and measures [77].
We performed a multi-criteria search on the database (as of 3 June 2020) and systemized the existing
policies and measures along the more finely grained policy categories established by environmental
economics [78–80], namely:

• Command-and-control (standards).
• Market-based (economic incentives such as subsidies; fiscal measures such as taxation).
• Quantity-based (quotas, tradable quotas).
• Information and planning measures.

Table 3 presents the result.
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Table 3. Existing policies and measures to address road transport emissions in the EU.

Country
Objectives Policy Measure Quota System

Information/Planning
Fleet Fuel Infra-Structure Regulatory Fiscal Economic Fixed Flexible

AT 2 1 1 0 0 3 0 0 0
BE 25 3 10 9 9 17 0 0 11
BG 2 1 4 1 0 6 0 0 0
CR 5 2 2 2 0 6 0 0 3
CY 9 1 3 1 3 4 0 0 3
CZ 4 2 3 3 2 4 0 0 0
DE 5 2 0 2 0 6 0 0 0
DK 1 1 2 3 0 2 0 0 0
EE 8 1 4 0 5 9 0 0 1
ES 9 4 7 5 2 22 0 0 4
FI 5 3 1 3 3 2 0 0 1
FR 21 1 5 7 7 13 0 0 11
GR 2 2 0 0 2 3 0 0 0
HU 9 2 7 1 3 6 0 0 10
IE 4 1 0 2 0 3 0 0 1
IT 5 6 3 5 0 9 0 0 5
LT 7 3 5 2 1 6 0 0 4
LU 6 3 3 1 5 0 0 0 5
LV 3 2 1 2 2 1 0 0 1
MT 5 3 8 4 1 1 0 0 14
NL 4 1 0 3 1 1 0 0 1
PL 1 1 0 0 0 2 0 0 0
PT 7 5 3 3 2 1 0 0 10
RO 7 2 2 11 0 1 0 0 0
SE 8 4 2 3 4 7 0 0 0
SI 10 2 6 2 1 10 0 0 6
SK 2 1 0 2 0 1 0 0 0

Source: Authors.

In sum, the 27 EU member states use almost 700 measures to address road transport emissions.
The overall picture in terms of push and pull measures mirrors that of the G20: Push measures, notably
standards, are more likely to be applied at the supply side, whereas pull measures address the demand
side. No cap-based policies are presently applied to the demand side.

Are any cap-based policies anticipated for demand-side actors? To answer this, we screened the
National Energy and Climate Plans (NECPs) that the EU member states had to submit by 31 March 2020
to the European Commission [81,82]. These plans represent the national polices intended to support
the overall EU decarbonization strategy. As member states were late in submitting their NECPs, only a
sub-section could be analyzed and is presented in Table 4. In all cases, the plans report the intention
of national governments to step up policy measures addressing road transport emissions to meet
2030 targets; yet, none of the NECPs foresees a cap-based option operating downstream, highlighting a
clear gap in road emissions policy.

Table 4. Planned road transport measures in the National Energy and Climate Plans.

Country
Objectives Policy Measures Quota System

Information/Planning
Fleet Fuel Infra-Structure Regulatory Taxation Subsidies Fixed Flexible

AT 0 0.5 0.5 2 2 2 0.5 0 1
BE
BG
CR 0.5 0.5 0.5 2 2 2 0 0 2
CY 2 0 1 2 0 2 0 0 0
CZ 2 0.5 2 2 2 2 0 0 1
DE 2 1 2 1 1 0 0 2
DK 1 0 0 2 0 1 0 0 0
EE 0 1 0 2 0 2 0 0 1
ES
FI 1 0.5 1 2 1 2 0.5 0 1
FR 2 2 2 2 1 2 0 0 1
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Table 4. Cont.

Country
Objectives Policy Measures Quota System

Information/Planning
Fleet Fuel Infra-Structure Regulatory Taxation Subsidies Fixed Flexible

GR 0.5 0.5 1 2 2 2 0.5 0.5 0
HU
IE
IT 1 1 1 2 2 2 0 2 2
LT 2 1 2 2 1 2 0 0 2
LU
LV
MT 0.5 0.5 0 2 0 2 0 0 0
NL
PL
PT
RO
SE 0 1 0 2 2 2 0 0 2
SI
SK 0 2 0 2 0.5 2 0 0 2

Legend: 2 = more than 1 policy on issue envisaged in NECP; 1 = one policy envisaged; 0.5 = envisaged, but not
clearly specified; 0 = not covered; blank = no data. Source: Authors.

3.4. The Status Quo

In answer to our first research question, we found few if any elements for a demand-side
cap-and-trade model in the national policy toolboxes reviewed.

Current policies designed to reduce CO2 emissions rely mainly on standards and fuel efficiency.
They often act in combination with quotas for renewable energies (biofuels) and measures to promote
zero or low emission vehicles. Practicable implementation of these policies is left to supply-side actors:
car manufacturers, fuel suppliers or refineries.

Demand-side measures require neither compliance nor enforcement. They rather represent offers,
which may or may not be taken up by consumers. Exceptions to this are the road charges found in
some jurisdictions, but in most cases these do not aim at reducing CO2 emissions from road transport
but are collected for other reasons.

The status quo in EU transport policy overlooks incentives for demand-side actors (vehicle owners)
to exploit their autonomous CO2-saving potential or to more effectively respond to pull measures put
in place. Effective push measures for drivers could complement current policies and increase their
overall effectiveness. Given the success of cap-and-trade systems, it is reasonable to ask if the ideas
might work as well on the demand side of the road transport sector.

To date, an approach for cap and tradable permits operating on the demand side of road transport
is neither in place at the European level, nor do member states intend to install such a system. So, we set
about developing a prototype for just such a model to address road transport emissions, one we call
“cap-and-surrender”.

4. Policy Prototype and Assessment

Having found that current and planned EU transport policies neglect the possibility that
market-based strategies (e.g., cap-and-trade) might also succeed on the demand side of the road
transport sector, we sought to design a technically feasible prototype that could, by analogy, leverage
economic self-interest into desired environmental behavior. We then assessed the impacts of the
prototype and considered mitigating measures that might reduce the potential shock of such an
instrument on the European transport markets.

4.1. Cap-and-Surrender

The policy model we label “cap-and-surrender” (C&S) was developed by prototyping versions
using the methodology of “design thinking” [30,31]. Each version of the prototype was assessed and
validated by different groups of experts and in different assessment formats. The aim was to carve out
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technical and non-technical specifications for a demand-based cap approach that was operationally
feasible. The following presents the concept and explains salient design choices. Further technical
details can be found in Annex I in the Supplemental Materials.

4.1.1. Concept

Our policy concept borrows elements from the EU emissions trading system (EU ETS),
but represents a stand-alone system adapted to the specific requirements and features of the road
transport sector. It targets passenger cars and light-duty vehicles (LDV) up to 3.5 tons. This design
choice was retained through prototyping because cars and LDVs are the leading source of transport
emissions in the EU, accounting for almost 70% of transport emissions in 2018. Our policy prototype
further takes as its point of regulation the individual vehicle with an internal combustion engine,
and its emissions, accounting not at the end of a fiscal calendar, but every time a driver fills the tank.

Figure 1 shows the prototype infrastructure. In the system, overall road transport emissions are
capped, and then distributed to vehicle owners in the form of tradable emission allowances we call
road transport allowances (RTAs). The cap ensures that overall climate targets can be met, while the
RTAs serve to distribute responsibility both for emissions production and reduction in individual
vehicle owners.Sustainability 2020, 12, x FOR PEER REVIEW 10 of 31 
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Like the EU ETS, cap-and-surrender introduces the need for market actors to hold CO2 emission
permits, which here take the form of RTAs. They serve the same purpose as emissions allowances in
the EU ETS, both incentivizing high-carbon users to reduce emissions and rewarding low-carbon users
for contributing to decarbonizing, in this case, the road transport sector. The trading of allowances or
their parts offers great flexibility for a gradual and socially acceptable transition to less and, finally,
zero emissions from road transport.

The prototype envisions RTAs being allocated to vehicle owners on an annual basis, based on
pre-defined allocation criteria, and initially given for free to drivers. For simplicity, think of one RTA as
representing a permit to emit one ton of CO2. The electronic RTA accounts shown in Figure 1 are then
stored on a credit-card-like device, which we call an electronic allowance card or EAC. These cards are
coded to their respective cars as key fobs are, so an EAC only works for the vehicle it is assigned to.
At the same time, multiple EACs can be issued for the same vehicle, as is done with credit cards, but in
this case to allow for different drivers of the same car.
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When a driver buys fuel at a filling station, both money and emission allowances are “surrendered”.
The dotted arrow in Figure 1 depicts the flow of allowances into a CO2-surrendering device installed
at the filling station, the allowance surrendering terminal (AST). Once a vehicle’s free RTA allocation
has been exhausted, drivers have the option to buy RTAs on the secondary market through an RTA
Terminal, as shown in Figure 1. The block labelled “EAF” in this figure represents an environmental
adjustment factor used to scale the price of the RTAs.

Just as in cap-and-trade on the supply side, the key idea in cap-and-surrender is to present
producers of CO2 with a strong incentive to emit less. In practical terms, this implies that owners
of high-emission vehicles pay higher costs for buying an RTA than owners of low-emission vehicles.
This thinking led to the EAF mechanism.

The mechanism is designed to exponentially increase the costs of purchasing RTAs if the fuel
consumption per 100 km of the buyer exceeds a reference value (say, the average fuel consumption
of the national territory). The larger the deviation from the reference value, the greater the pricing
effect. An aggressive policy might use a cubic scaling function, causing prices to escalate exponentially
per liter of consumption above the reference. A vehicle consuming seven liters more per 100 km than
the reference would incur a 73—i.e., EUR 343 (7 × 7 × 7)—surcharge over the current RTA market
price. Thus, if the market price were EUR 10 per RTA, the carbon-greedy buyer would be charged
EUR 353 for an RTA. On the other side, consumers with consumption below the average would be
rewarded, perhaps receiving discounts on the price of CO2 or possibly even the fuel. The details of this
mechanism are presented in Annex I.

With a decreasing cap and annual allocations, this policy provides a means to cap overall transport
sector emissions from passenger cars and LDVs. At the same time, it provides strong incentives to
vehicle owners and those purchasing new vehicles to contribute to the decarbonizing of the transport
sector. Figure 2 illustrates the three incentives that flow through this policy—to drive less frequently,
more efficiently, and more cleanly. These three incentives will likely remain effective over time,
as drivers will be reminded of the need to minimize fuel consumption/emissions every time they fill
up. The economic incentives created by cap, allocation rules and the EAF constitute a strong push
strategy toward low-carbon or non-emitting vehicles, or toward extended use of public transport,
cycling or walking.Sustainability 2020, 12, x FOR PEER REVIEW 11 of 31 
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The policy is also flexible enough to accommodate the diverse features of each EU member state.
Since there is no competition between individual car drivers (competition or state aid rules do not
apply), it entails the possibility of developing largely national regulation. Allocation allowances can be
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adjusted to provide for long commuting distances, differing stages of public transport development
and other societal needs. RTAs can be granted to accommodate rural areas with limited alternative
transport modes, or to meet the needs of low-income members of the population. The distinct policy
objectives of each member state can be fully taken into account in the design of national allocation rules.

4.1.2. Phase In

Figure 2 also illustrates a transition period during which the market can adapt to the new
policy. A period of one to three years was suggested during prototyping before full implementation.
This would allow vehicle owners not only to get familiar with the system, but also to develop concrete
awareness that driving a vehicle with a petrol-powered engine produces CO2 emissions that come at
an environmental cost. The transition would also give drivers time to record fuel consumption and
mileage over a representative period.

During the transition, vehicle owners would be equipped with EACs and would submit emissions
data through ASTs at a filling station. Owners would receive a carbon status report that would include,
at a minimum, the CO2 emitted since the last filling, the distance covered, and the CO2 content
of the fuel just put into the tank. During the transition period, there would be no restrictions on
CO2 emissions. The data collected would, however, serve during implementation to determine the
individual CO2 budget of each driver to be applied in the implementation phase of the system.

The recommendation emerging through prototyping regarding the allocation of allowances was
that, during the transition period, there would be no cap. In transitioning to the full implementation
with an operational payment system, our expert assessors suggested not more than 90% of the RTAs be
allocated for free and not less than 10% be acquired through purchase. Over the longer term, the pool
of RTAs given away freely should approach, or reach, zero.

4.1.3. Effectiveness

The complexity shown in Figure 1 arose during prototyping in response to concerns about
safeguarding the policy’s environmental effectiveness. In the current design, effectiveness is realized
by (i) reducing the overall cap, (ii) designing suitable national allocation rules and (iii) individualizing
the costs of mobility to reflect each driver’s unique situation and mobility behavior. Please note that a
reduced cap will not reduce mobility services, but rather the car-related CO2 emissions. Clean transport
services—those that do not emit CO2—are not restricted.

Figure 1 also shows two member states, one implementing and one not implementing the
policy. For a cap system to be effective, performance against the cap must be accurately measured.
Measurements need to consider cross-border transit, holiday travel, or cars from outside the EU.
While solving these issues boils down to installing adequate technical solutions, multiple infrastructure
components do have to work together. Table 5 explains the functionality of the individual components.

Table 5. Main functions of the prototyped infrastructure components.

Infrastructure Element Purpose

Electronic Allowance Card (EAC) Contains CO2 account, used for surrendering CO2;
collects data on fuel consumption

Allowance Surrendering Terminal (AST)

Mandatory device at filling station to carry out
surrendering by means of EAC; amending CO2

account on EAC (free allocation on primary market);
anonymous transfer of data to central computer for

calculation of reference value

Electronic Identification Device (EID)
Device that links the car with the corresponding EAC

to prevent fraud; different technologies available,
which may render EID unnecessary
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Table 5. Cont.

Infrastructure Element Purpose

Road Transport Allowance Terminal
Used for buying and selling on primary and

secondary market; connected to NRTR for application
of EAF in the event of RTA purchase

National Road Transport Registry Carries out issuance of RTA on primary market to
EAC through AST

Central Computer for Calculation of Reference Values

Determination of EAF requires reference value which
is calculated in almost real time by using the actual
data of all filling processes carried out within the

scope of the system

Source: Authors.

4.2. Expert Assessment of Impacts

Having used multiple rounds of design thinking to evolve a demand-side cap-and-trade policy
that withheld critical assessment to deliver technical feasibility, we asked 105 transport experts to
assess the environmental, economic and social impacts of the concept through a semi-structured
questionnaire covering a range of impact items. We received 30 valid replies, which form the basis of
the impact assessments that follow below.

4.2.1. Group Homogeneity

Our research design clustered stakeholders into (i) four professional groups and (ii) two groups
of experts based on their experience with policy design and evaluation. Twenty-three experts had
experience in policy design, while seven did not. Businesses and other stakeholders formed our largest
subgroup “business and others”, with nearly half (14; 46%) of the valid responses, followed by “think
tanks” (11; 37%), NGOs (3; 10%) and finally public sector officials (2; 6.7%). This population mirrors the
heterogeneous structure of transport policy experts in the EU, both in terms of professional background
and experience in policy design and evaluation.

Using intra-class correlation to test group homogeneity, all group formations were based on
classifications and showed significantly high levels of homogeneity, both for overall impact assessment
and the individual impact classes that we report in the following. Table 6 reports the relevant statistics
for the overall assessment, according to stakeholder groups.

Table 6. Intraclass correlation per stakeholder group (all impacts).

Group Intra Class Correlation
95% Confidence Interval F-Test

Lower Upper Value df1 df2 Sig.

NGO 0.977 0.866 1.000 42.884 1 23 0.000
Public administration 0.715 −0.641 1.000 3.505 1 23 0.074

Think tank 0.963 0.853 0.999 27.209 2 46 0.000
Business and other 0.916 0.775 0.986 11.883 5 115 0.000

Splitting stakeholders into different groups was based on the hypothesis that different groups
would have different assessments of the policy prototype. Interestingly enough, the survey results
refuted this in large part. Applying the Kruskal–Wallis test showed that, for every single impact item,
the null hypothesis had to be retained. Against our earlier hypothesis that the stakeholder groups
would hold different opinions, this implies that no statistically significant differences between group
ratings existed. Two exceptions were found and followed up by testing the U-value, but they were
each part of a larger category of items and did not show significant results. We conclude that the
surveyed stakeholders form a relatively homogeneous group that largely agree in terms of assessing
the following sets of impacts.
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4.2.2. Policy Effectiveness

The effectiveness of the cap-and-surrender prototype was assessed based on 10 items covering:
two environmental impacts (reduce greenhouse gas emissions, reduce local air pollutants);
three energy-related impacts (motivate a fuel switch, influence the choice of driving modes, reduce fuel
consumption); five sustainable mobility aspects (reduce traffic congestion, increase demand for
e-vehicles, boost car sharing and pooling, stimulate mobility as a service-model concept, and encourage
a switch in transport mode).

Respondents were asked to rate the items on a six-point Likert scale, ranging from 1= not effective
at all to 6 = extremely effective. Figure 3 and Table 7 show the distribution of expert ratings for
each type of sub-item in the policy effectiveness group. For example, the last line represents the
assessed effectiveness of the policy in reducing greenhouse gas emissions. It shows that 78% of the
respondents rated the ability of cap-and-surrender to reduce greenhouse gas emissions as “effective”,
“very effective”, or “extremely effective”, representing in shades of green the Likert values 4, 5, and 6.
The median (MD) rating was 5.0 with standard deviation (SD) of 1.02.

A majority of the polled experts (69%) assessed the scheme as effective to extremely effective in
reducing local air pollutants (MD =4.0 or “effective”, SD = 1.23). A similarly high assessment was given
to the scheme’s effectiveness in increasing demand for e-vehicles (MD = 4.0, SD = 1.37). Experts were
more reserved about the effectiveness of the policy in reducing traffic congestion, boosting car sharing,
or stimulating “mobility as a service” concepts, rating each as only “rather effective” (MD = 3.0;
SD around 1.2).
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Table 7. Distribution statistics of policy effectiveness.

Item
Reduce

Greenhouse
Gases

Reduce
Local Air
Pollutants

Induce
Modal

Switches

Mobility as
a Service Car Sharing Demand for

e-Vehicles

Reduce
Traffic

Congest-ions

Reduce Fuel
Consumption

Energy-Saving
Driving
Modes

Fuel Switch
to Renewable

Energies

M 5.00 4.00 4.00 3.00 3.00 4.00 4.00 5.00 4.00 4.00
SD 1.022 1.235 1.187 1.204 1.278 1.365 1.257 1.339 1.458 1.494

Skewness −0.585 −0.699 −0.266 −0.184 0.029 −0.700 −0.341 −0.809 −0.274 −0.449
Kurtosis −0.691 −0.029 −1.096 −0.936 −0.567 −0.012 −0.966 −0.177 −1.127 −0.478

25 percentile 4.00 3.00 3.00 2.00 2.00 4.00 2.00 3.00 2.25 3.00
75 percentile 5.00 5.00 5.00 4.00 4.00 5.00 4.00 5.00 5.00 5.00

KS-D 0.32 0.25 0.21 0.21 0.17 0.20 0.22 0.32 0.21 0.20
p 0.00 0.00 0.00 0.01 0.05 0.00 0.00 0.00 0.00 0.01
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4.2.3. Economic Assessment

The category of economic assessment indicators centers on the issue of delivering GHG reductions
at least cost (policy efficiency), but also covers a range of potentially negative impacts associated
with cap-and-trade schemes. These include upfront costs for installation of the system, transaction
and MRV (monitoring, reporting, verification) costs [83–85] as well as competitive aspects [86–90].
Again, we asked experts to rate the likelihood of causing these economic consequences on a scale from
1—very low to 6—very high (Figure 4 and Table 8).
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Item
Least Cost

GHG
Reduction

Upfront
Investment

Costs

Transaction
Costs

Monitoring
Costs

Economic
Distortions

Distortions by
Buying/Selling

RTAs

M 4.00 4.00 4.00 4.00 2.00 3.00
SD 1.314 1.219 1.439 1.117 1.370 1.283

Skewness −0.526 −0.013 −0.279 −0.273 0.764 0.614
Kurtosis −0.293 −0.710 −0.824 −0.331 −0.098 −0.266

25 percentile 3.00 4.00 3.00 4.00 2.00 2.00
75 percentile 5.00 5.75 5.00 5.00 4.00 4.00

KS-D 0.21 0.25 0.19 0.18 0.26 0.22
p 0.01 0.00 0.02 0.02 0.00 0.01

In this case, however, we investigated costs rather than benefits, so “very low” represents a
positive and “very high” represents a negative impact. Hence, we reversed the color coding in Figure 4
with dark red denoting a rating of 6.0 or “very high” in terms of expected costs.

Of the respondents, 65% assessed the capability of the system to deliver least-cost GHG reductions
between “rather high” and “very high” (MD = 4.0 or “high”, SD = 1.31). In turn, 70% saw only a
modest impact from economic distortions compared to non-EU-car manufacturers (MD = 2.0 or “low”,
SD = 1.37). A majority (65%) rated the emergence of economic distortions caused by buying or selling
RTAs between “very low” and “rather low” (MD = 3.0 or “rather low”, SD = 1.28).

In contrast, 79% of respondents rated the set-up costs for the system as high (MD = 4.0, SD = 1.19);
67% also rated user transaction costs as high (MD = 4.0, SD = 1.44) as did 79% on the monitoring costs
for the government (MD = 4.0, SD = 1.11).
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4.2.4. Social Impacts

Continuing our assessment of the cap-and-surrender scheme along the assessment criteria of the
European Commission’s Impact Assessment Guidelines, we surveyed the expected social concerns.
Figure 5 and Table 9 show that the stakeholders were rather split in their assessments. Here, the scale was
1 = “very poorly”, 2 = “poorly”, 3 = “rather poorly”, 4 = “rather well”, 5 = “well” and 6 = “very well”.
The lower scores are colored red to indicate their negative impact.
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Table 9. Distribution statistics of social aspects.

Item Mobility to
Generate Income

Mobility for
Low-Income Groups

Demand for
Individual Mobility

M 3.50 3.00 4.00
SD 1.191 1.197 1.213

Skewness −0.261 −0.086 −0.267
Kurtosis −1.118 −1.203 0.185

25 percentile 2.00 2.00 3.00
75 percentile 4.00 4.00 4.00

KS-D 0.27 0.25 0.23
p 0.00 0.00 0.00

A slight majority (52%) of respondents saw the demand for individual mobility only “very poorly”
to “rather poorly” addressed (MD = 3.5 or “rather poorly”, SD = 1.19), while 59% raised concerns over
mobility for low income groups (MD = 3.0 or “rather poorly”, SD = 1.2). Regarding, the need for basic
mobility to generate income, respondents showed a clear split, with 50% rating the item “very poorly”
to “rather poorly” addressed, whereas the other 50% saw the item “rather well” or “well” addressed
(MD = 4.0 or “rather well”, SD = 1.21).

Note that this rather critical assessment again mirrors concerns raised in the literature in the early
days of installing the European emission trading scheme (see, for example, [91,92]), which operates on
cap-and-trade as our policy prototype. Still, this category is rated the most negatively of all impact
domains, suggesting mitigating measures need to be devised to safeguard political acceptance of the
prototype concept.

4.2.5. Feasibility

Under the heading of feasibility, we surveyed stakeholders’ assessments of the complexity of
the system and its key component, the environmental adjustment factor. We also surveyed their
views on support by important stakeholder groups relevant to the political process of setting up a
cap-and-surrender system. Figure 6 and Table 10 show the distribution of expert ratings for each
feasibility item. Here, lower numbers signify more negative ratings.



Sustainability 2020, 12, 7594 17 of 31

Sustainability 2020, 12, x FOR PEER REVIEW 17 of 31 

environmental and other stakeholder groups (MD = 4.0, SD around 1.0 for both groups). In turn, they 

expected lower support from the car industry (MD = 3.0, SD = 1.03). 

 

Figure 6. Distribution of ratings for the aspect of feasibility. 

Table 10. Distribution statistics feasibility. 

Item 
Complexity 

of System 

Complexity 

of the EAF 

Support 

by the 

Car 

Industry 

Support by Environmental Groups 

Support by 

Other 

Stakeholder 

Groups 

M 3.50 4.00 3.00 4.00 4.00 

SD 1.172 1.305 1.082 1.0853 0.979 

Skewness 0.039 −0.411 0.046 −0.4726 −0.350 

Kurtosis −0.194 −1.012 −0.760 −0.0918 −0.676 

25 percentile 2.75 2.00 2.00 4.00 3.00 

75 percentile 4.00 4.00 4.00 5.00 4.00 

KS-D 0.19 0.24 0.20 0.20 0.27 

p 0.02 0.00 0.03 0.01 0.00 

When asked at which level such a system should be introduced (multiple replies were possible), 

stakeholders mentioned the European level 11 times (70% of valid replies), the national level 10 times 

(65% of valid replies), and the regional level 3 times (11%). The possibility of a local introduction was 

not considered. 

5. Discussion 

Through a Delphi expert interview prototyping process, we developed an innovative demand-

side policy instrument to reduce passenger car and light-duty vehicle greenhouse gas (GHG) 

emissions. We then subjected the instrument to assessment by a representative group of EU transport 

experts. We call the prototype instrument “cap-and-surrender” (C&S) as a nod to the cap-and-trade 

strategy that has been effective in reducing GHG emissions in the EU. Our instrument sets an overall 

cap on emissions, which are then allocated to individual vehicles through a system of tradable 

emissions allowances, here called road transport allowances (RTAs). An especially innovative aspect 

of our prototype is the use of an environmental adjustment factor (EAF) to effect progressive pricing 

of RTAs based on the relative carbon performance of a vehicle. The EAF creates a strong economic 

incentive to switch to zero-emission vehicles in the mid and longer term. 

5.1. Environmental Impacts 

Figure 6. Distribution of ratings for the aspect of feasibility.

Table 10. Distribution statistics feasibility.

Item Complexity
of System

Complexity
of the EAF

Support by the
Car Industry

Support by
Environmental Groups

Support by Other
Stakeholder Groups

M 3.50 4.00 3.00 4.00 4.00
SD 1.172 1.305 1.082 1.0853 0.979

Skewness 0.039 −0.411 0.046 −0.4726 −0.350
Kurtosis −0.194 −1.012 −0.760 −0.0918 −0.676

25 percentile 2.75 2.00 2.00 4.00 3.00
75 percentile 4.00 4.00 4.00 5.00 4.00

KS-D 0.19 0.24 0.20 0.20 0.27
p 0.02 0.00 0.03 0.01 0.00

In assessing the complexity of the overall system, raters were split, with 50% rating this issue
“well” addressed or higher (MD = 3.5, SD = 1.17); slightly more than half (56%) saw the EAF as “well
addressed” (MD = 4.0, SD = 1.31). Regarding support, stakeholders predicted good support from
both environmental and other stakeholder groups (MD = 4.0, SD around 1.0 for both groups). In turn,
they expected lower support from the car industry (MD = 3.0, SD = 1.03).

When asked at which level such a system should be introduced (multiple replies were possible),
stakeholders mentioned the European level 11 times (70% of valid replies), the national level 10 times
(65% of valid replies), and the regional level 3 times (11%). The possibility of a local introduction was
not considered.

5. Discussion

Through a Delphi expert interview prototyping process, we developed an innovative demand-side
policy instrument to reduce passenger car and light-duty vehicle greenhouse gas (GHG) emissions.
We then subjected the instrument to assessment by a representative group of EU transport experts.
We call the prototype instrument “cap-and-surrender” (C&S) as a nod to the cap-and-trade strategy
that has been effective in reducing GHG emissions in the EU. Our instrument sets an overall cap on
emissions, which are then allocated to individual vehicles through a system of tradable emissions
allowances, here called road transport allowances (RTAs). An especially innovative aspect of our
prototype is the use of an environmental adjustment factor (EAF) to effect progressive pricing of RTAs
based on the relative carbon performance of a vehicle. The EAF creates a strong economic incentive to
switch to zero-emission vehicles in the mid and longer term.
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5.1. Environmental Impacts

An overwhelming majority (78%) of transport experts evaluated the prototype as effective in
reducing GHG emissions, and a significant majority (69%) expected the policy to be equally effective
against local air pollutants. This mirrors the overall assessment in the literature, which attributes
to cap-and-trade systems a high level of environmental integrity [70,93,94], owing to the alignment
between policy goals and outcomes. When the reduction of emissions is affected by the cap, together
with electronic monitoring and reporting of emissions, policy objectives can be translated directly
into measurable pollution targets. This came up in the workshop we hosted to discuss our model,
with experts largely confirming environmental integrity as a core feature of C&S. One expert underscored
the potential of the system to “personalize” environmental integrity by means of the EAF. As individual
choices are reflected in the EAF, it serves to individualize costs and mobility choices, including the
choice to switch to a low or zero carbon car type or to switch away from individual transport entirely.

While experts were generally positive in rating the system’s effectiveness in bringing about
transport mode switches and increasing demand for e-vehicles, they were less so in rating the impacts
on car sharing and pooling or in promoting “mobility as a service” concepts. When the issue was
raised with experts, they interestingly did not see this as a major issue. As one expert put it: “There are
no silver bullets in transport policies. We have to acknowledge that we need a policy mix to address all
aspects of mobility policies. This instrument would be one building block and the main focus should
lie on bringing down greenhouse gas emissions” (expert 3). Along this line, three points deserve
special emphasis.

First, EU emission performance standards are defined on the level of type approval “tank to wheel”
(TTW) CO2 emissions in g/km [10]. Today, there is broad consensus that a widening gap exists between
this type-approved measurement and real world emissions, to the point where the difference has been
estimated at 40% [5,12,19,20,36,58,61]. EU regulations [18] require the Worldwide Harmonised Light
Vehicle Test Procedure (WLTP) to be used to measure CO2 emissions as from 2021, but it is understood
that this change in testing will not eliminate the gap, but only shrink it 15–20% [66]. For this reason,
the EU is now asking for on-board measuring instruments to be built into cars starting with the 2021
models [18,28].

Through the reliable monitoring and reporting of both fuel consumption and CO2 emissions,
our system will accurately measure the actual consumption by a vehicle. The CO2 content of the
different fuels (petrol and diesel of different grades) available at filling stations is known and so can be
calculated precisely during both the transition and implementation period of the policy. Surrendering
the amount of CO2 that is put in the tank at each fill-up guarantees a robust accounting of CO2 emissions
from the road transport sector. The unavoidable gap created by using type approval procedures to
determine the fuel consumption or fuel efficiency of cars is avoided and an undistorted view of the
actual fuel consumption by each car can emerge.

The second point that bears emphasis concerns the use of expiration dates on RTAs—prototyping
suggested 18 months after the date of issuance. We consider this a key design feature to safeguard
environmental effectiveness. The limited period during which an allowance can be used creates
a strong incentive not to stockpile RTAs but to sell unused allowances on the secondary market.
This is important because a reasonably liquid secondary market for RTAs is needed to accommodate
changes in individual situations, such as relocating, changing jobs, or purchasing a new vehicle.
RTA incentives should also lead to the more effective use of pull measures, such as subsidies for EV
purchase, using public transport or modal switches.

Third, it is clear the environmental integrity would best be assured through an EU-wide application
of the system, a view shared by the majority of our experts. However, they also pointed out that
integrity might be compromised by tank tourism and leakage if the system is not applied in all member
states. One state might implement the system, but a second neighboring state may not. Putting aside
the issue of EU borders to third countries, leakage could be expected if drivers from the first state cross
the border to fill up in the second. However, this would only occur if the second state were to ignore
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its own interests and book the emissions from the fuel provided against its own obligations under the
Effort Sharing Regulation (ESR) of the EU.

It is more likely that, when the first state installed a C&S system, adjacent states would provide
the necessary level of infrastructure at filling stations to allow accounting for fuel emissions by the
origin of the consumers. Such infrastructure would need to include facilities to surrender and account
for CO2 as well as network connections to pass on relevant information to the corresponding entities
of the state fully implementing C&S. This way, the CO2 contained in the fuel supplied by the adjacent
state would be applied to the personal budget of the driver from the first state and consequently be
booked under that state’s ESR account.

5.2. Economic Impacts

The survey’s assessment of economic impacts centered on the question of delivering GHG
reductions at the least cost (policy efficiency), but also on the economic costs for installing and running
such a system. Experts were asked to assess competitive impacts of the policy prototype and upfront
costs for installation of the system components and further transaction costs.

As for the prototype’s impact on competitive position, experts considered the risk of economic
distortions caused by buying or selling RTAs with respect to non-EU manufacturers rather low.
However, as a result of the EAF, drivers of CO2 intensive vehicles with fuel consumption well above
average or reference value will have to pay significantly more, while those consuming less will pay
less. This represents a difference from the current, standards-based approach in the EU that aims to
avoid influencing the competitive position of different vehicles in the market [18,20] by the amount of
CO2 they emit.

Under C&S, a strict application of the polluter-pays principle requires all drivers to account for
the CO2 they emit in a proportional manner, meaning costs rise with increasing emissions. As a
result, vehicles that pollute more will see higher operating costs and hence higher life cycle costs than
those that pollute less. This approach does not fully result in internalization of external costs but
may represent a first step [28]. Strong differentiation of costs in accordance with the polluter-pays
principle seems to convey the right signals to consumers and does so in a direct way. As the costs
of CO2 emissions are estimated to range from 60 €/tCO2 in the short term to 498 €/tCO2 in the long
term [28], pricing emissions performance into RTAs should reduce economic distortions associated
with declining CO2 emissions.

Regarding upfront investment or infrastructure costs, a clear majority (79%) of respondents rate
these costs as “rather high” to “very high”. Our validation workshop confirmed experts’ concerns
and the potential need for a detailed cost-benefit analysis. All experts broadly agreed on the overall
installation features of the system (allowance surrender terminals, possibly devices to identify cars
and ensure that the correct CO2 account is used for surrendering, RTA terminals for the secondary
market) as well as the necessary network and computing capacity to calculate the reference value.
Likewise, they identified one-off transaction costs that a vehicle owner would incur. With further
design details, these costs could become clearer.

It is, however, important to bear in mind that both infrastructure and transactions costs will be
greatly exceeded by the revenues accruing from selling RTAs on the primary market. The concrete
number of allowances put up for sale would be determined by each member state, but those revenues
should be considerable and are likely to exceed the investment and transaction costs by several
multiples. Note that acquiring RTAs on the primary market would mean paying the market price for
the RTA plus the surcharge assessed by the individual EAF. Depending on the level of free allocation
and sales of RTAs on the primary market, member states could gain several billion Euros that should
be used to promote and expand public transport facilities, shift transport modalities, or subsidize
the purchase of ZEVs. Such measures may meet enhanced public acceptance as incentives to drive
less, drive more efficiently and cleanly accrue from C&S. The economic impacts, albeit not quantified,



Sustainability 2020, 12, 7594 20 of 31

may therefore help to bolster the decarbonization of the road transport sector, a point that experts
highlighted during the workshop.

As several studies have shown [26,75], there is a considerable potential accruing from eco-driving
that, on average, may amount to 10% of total fuel consumption [75]. This points to a significant
potential for absolute emission reductions that can be bought at low cost by introducing the incentives
from C&S. Adding another 10 to 18% that might accrue from modal shifts to public transport [6] and
cycling, almost 30% of road transport emissions could be reduced under a C&S cap at relatively low
costs. In this sense, the policy prototype would support similar policy measures already in place
(Table 3) or in planning (Table 4).

5.3. Social Impacts and Concerns

Our experts raised concerns about the social impacts of a C&S system. These concerns group
broadly into three categories: fairness, mobility needs, and impact on low-income groups.

5.3.1. Policy Fairness

It is important to underline that C&S fully aligns with the polluter-pays principle, where those who
pollute more pay more. Emitting more CO2 than one’s fair share and, for this reason, paying more for
emission rights (RTAs), even if the costs rise exponentially, can be considered fair under polluter-pays.

Another aspect of fairness that comes up in the debate over “climate justice” relates to the fact
that the climate crisis is caused mainly by CO2 emissions [95], yet it affects emitters and non-emitters
alike. In other words, everyone suffers under climate change, even those not contributing directly to
the causes, which in our case means those who do not drive. Furthermore, accounting for the costs of
damage caused by CO2 emissions is hampered by the considerable uncertainty involved in quantifying
the risks introduced by climate change [28]. Against this background, a system that makes drivers pay
for the CO2 they emit and creates revenues for the state, seems to be fair provided the state uses these
revenues to alleviate the damaging consequences of CO2 emissions from road transport in a manner
that benefits all.

Lastly, it is important to recognize that the consequence of a declining emissions cap will be the same
for all: first, non-essential rides may need to be offset by alternative modes of transport, until switching
to ZEVs becomes a cost-effective option. Perverse incentives in the transition period (expanded driving
to determine a more generous individual CO2 budget) cannot be excluded. Such incentives will,
however, briefly be compensated for by a declining cap and could be addressed by national allocation
rules to control the free share of allocations.

5.3.2. Mobility Needs

Our panel of experts raised concerns about the policy’s impact on individual mobility needs,
including basic mobility to generate income by commuting between work and home. However, through
the determination of individual caps or CO2 budgets during the transition period, the policy should
be able to adapt to individual needs. Prior to the full implementation of C&S, information will be
collected to determine the individual CO2 budget of each vehicle and its driver. This calibration
period allows the different mobility needs of consumers in urban and rural areas to be taken into
account in setting individual CO2 budgets, which are meant to reflect individual needs. Table 11 details
five example cases.

The mobility needs of people living in rural areas or those in urban areas with long commuting
distances are not neglected by our policy. In fact, by making suitable choices, drivers can end up driving
more and paying less. This is shown in Table 12, depicting five example drivers. Driver #4 logs twice as
many kilometers per year as driver #1 but does so in a vehicle with twice the fuel efficiency. Column L
shows the overall cost paid by each—driver #4 pays 81.55 € less than driver #1. The comparison of
driver #3 to driver #5 is more dramatic—the gas-guzzler (#3) pays 734.84 €more to drive a quarter of
the mileage of the gas-frugal driver (#5).
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Table 11. Determination of individual CO2 budget.

Car Owner
(Driver)

Annual Mileage
in Transition

Period per Car

Average Liters
per 100 km Fuel

CO2
Emissions per
Liter in t CO2

Total Annual Emissions
in t CO2 = Individual

CO2 Budget

1 25,795 15 diesel 0.00264 10.215
2 12,556 11 diesel 0.00264 3.646
3 41,203 10 petrol 0.00233 9.600
4 19,564 7 petrol 0.00233 3.191
5 9952 8 petrol 0.00233 1.855

total 28.507

Source: Authors.

5.3.3. Impact on Low-Income Groups

It is important to note that C&S is not a system to overcome social inequalities created by other
policies or failure of welfare distribution. It does not interfere with mobility patterns that exist
due to current income distribution. It is in line with the Tinbergen rule [96], meant to reduce CO2

emissions from the road transport sector in an effective, efficient and socially acceptable manner.
However, this does not prevent the design of certain elements [97], such as the national allocation
rules, to address specific hardship cases—e.g., low income people living in rural areas without public
transport but with long commuting needs served by an old, relatively inefficient fuel consuming car.
Allocation allowance policies can further be shaped to provide a level playing field for poorer and
wealthier segments of the population.

5.4. Mitigating Measures

To mitigate negative social impacts and boost the acceptability of a C&S system, we developed the
concept of a “designated RTA”, or dRTA. Table 13 illustrates the idea. The annual mileage (column (col)
A) of five cars with different average fuel consumption (col B) results in the total annual emissions shown
in column E, taking into account the CO2 content (col D) of the respective fuel (col C), either diesel or
petrol. The number in column E sets the individual CO2 budget. Column F represents the effect of a
reduction in the overall cap—and hence the individual CO2 budget or cap—of 10%. Multiplying column
E by the cap effect gives the number of allowances available for allocation (col G). In the example shown,
80% are to be allocated for free (col H), yielding a free allowance (col I) together with the allowances that
need to be bought on the primary market (col J), namely the market run by the state.

Column K shows the idea of “designated” RTAs. A set of allowances that would have been sold
on the primary market (grey shading in rows 1–3) are designated for sale on the secondary market
(rows 4–5), where individual drivers buy and sell RTAs. In accordance with relevant national rules,
these designated RTAs are given to vehicle owners over and above their individual CO2 budgets (see
row 4 and 5), but only for sale on the secondary market. There are no additional costs for the buyers
(those in row 1–3), but revenues that would have gone to the state from the primary market instead go
to the recipients of the dRTAs. These recipients are only permitted to sell dRTAs, so designated RTAs
cannot be used for surrendering, and the dRTAs would have to be sold within 18 months. As dRTAs
originate from the CO2 budgets of individual vehicles, national policy may elect to designate RTAs
on the basis of EAF thresholds to create a Robin Hood effect. This could be used to alleviate social
hardships, offset costs accruing from a decreasing cap or in general to increase the social acceptance of
the system by helping to reduce economic inequalities.
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Table 12. Driving more, paying less.

[A] [B] [C] [D] [E] [F] [G] [H] [I] [J] [K] [L]

Input Input2 [A]/100 × [B] Input 3 [B]–[D] [E]3 [C] × 0.00233 Input 4 [G] × ([F] + [H]) input 5 input 6 [K] + [I]

mileage per
year(km)

individual
liters per
100 km

annual fuel
use (liters) Ref. value

Deviation
from Ref.

value (signed)
EAF value

CO2 emissions
in t CO2 in case

of petrol

assumed
RTA market

price

total RTA cost
(with EAF)

fuel
price/liter

total fuel
costs

total fuel costs
including
CO2 costs

1 10,000 10 1000 8 2 8 2.33 10 41.94 1.50 1500 1541.94
2 20,000 7 1400 8 −1 −1 3.26 10 29.36 1.50 2100 2129.36
3 10,000 16 1600 8 8 512 3.73 10 1946.02 1.50 2400 4346.02
4 20,000 5 1000 8 −3 −27 2.33 10 −39.61 1.50 1500 1460.39
5 40,000 6 2400 8 −2 −8 5.59 10 11.18 1.50 3600 3611.18

Source: Authors.

Table 13. Determination and allocation of dRTA.

[A] [B] [C] [D] [E] [F] [G] [H] [I] [J] [K]

car
annual mileage

in transition
period per car

avg. liters
per 100 km fuel CO2 emissions

per liter in tCO2

total annual emissions
in tCO2 = individual
cap or CO2 budget

cap effect available for
allocation

free
allocation

share

free
allocation

for sale on
primary
market

designated RTA
(for sale on

secondary market)

1 20,000 15 P 0.00264 7.920 0.9 7.128 80% 5.702 1.426 −1.426
2 20,000 11 P 0.00264 5.808 0.9 5.227 80% 4.182 1.045 −1.045
3 20,000 10 D 0.00233 4.660 0.9 4.194 80% 3.355 0.839 −0.839
4 20,000 9 D 0.00233 4.194 0.9 3.775 80% 3.020 0.755 1.65492
5 20,000 8 D 0.00233 3.728 0.9 3.355 80% 2.684 0.671 1.65492

total 100,000 total 26.310 23.679 18.943 4.736 0.000

Source: Authors. Legend: P—petrol, D—diesel.
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Experts in the survey and at the workshop also mentioned the treatment of early movers (buyers
of ZEV during transition period) and new entrants, of changes in life situations after the determination
of individual CO2 budgets or the perverse incentives that may occur in the transition period. All of
these issues can be addressed through national allocation rules, but only at the expense of simplicity,
or in other words, by adding complexity to the system.

Many experts, however, advocated keeping the system simple to facilitate overall acceptance.
However, simplicity comes at a price. The simplest and most transparent implementation that preserves
the inherent incentives is to have all the RTAs sold by the state, meaning none would be given out for
free. Such a design, however, does not allow for social considerations, the mitigation of which may be
indispensable for public acceptance. Hence, we see the main challenge posed by a C&S system to be
striking the right balance between the complexity needed to meet social concerns and the simplicity
needed for operational feasibility.

In this context, it might be worth recalling that the system does not necessarily bring more
complexity to consumers, if the national allocation rules are designed to address the specific features
of the member state concerned. Surrendering CO2 is, to the consumer, like paying for fuel, regardless
of the administrative complexity the competent authorities have to cope with. Taking the current
complexity accruing from determining standards, including the testing of cars, the definition of the slope,
the necessary monitoring and reporting to establish and enforce compliance [5,19,20,25,26,58,98–101],
specific rules on pooling and credits [25,58,102,103] as a benchmark for what competent authorities
could successfully cope with, it is hard to see why national allocation rules could not effectively
address social hardships and specific circumstances prevailing in a given member state. The benefits
of constantly decreasing emissions eventually resulting in the decarbonization of the road transport
sector—an indispensable requirement if net zero GHG emissions are to be met by 2050—may well
justify certain administrative efforts.

5.5. Limitations of This Study and Need for Further Research

As with all stated-preference studies, self-report and selection biases are potential weaknesses
of our study instrument. The questionnaire, however, was constructed to mitigate these biases.
First, it used neutral language from historical decisions and experiences rather than focusing on
options as such. Second, the topics clearly susceptible to bias, especially in the assessment of impacts,
were verified and reliability was validated by applying open-ended questions in different sections to
allow for a test–retest approach. Third, the questions were carefully ordered to avoid bias.

A further limitation is the small number of interviews that limits drawing far-reaching statistical
conclusions. This, however, needs to be considered in light of the fact that the population of
EU road transport policy experts is small. We also took steps to avoid hierarchical bias in the
interviews. Reliability could be enhanced by enlarging sample sizes and investigating the reasoning
behind each investigated category, as well as by extending the study to cover other transport modes.
Design and governance choices could be evaluated against framework conditions to derive potential
complementarity or disruptiveness of applying a cap-and-surrender approach in the individual EU
member states. This would, however, require a harmonized reporting of policy measures and impacts,
which has not yet been established, but which might emerge in the subsequent round of NECPs.
Until such an objective comparison framework is available, expert assessments can serve as a good
proxy to track the workability of a demand-based policy instrument to curb GHG emissions in the
road transport sector.

On the other hand, both surveys and workshops clearly underlined the need for more research.
Most important in this respect is more insight into the potential savings of CO2 that could be
made available in the short term (i.e., without switching to zero emission vehicles) through an
incentive-induced gradual change in behavior. Well-founded findings in this respect might justify
the costs of building the infrastructure of a C&S system, including costs to equip existing vehicles.
The actual infrastructure design, in particular of the necessary equipment for vehicles and filling
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stations, represents another question that has to be addressed before a thorough assessment of costs and
benefits can be assigned to a C&S system. It is clear that introducing a system, such as our prototype,
would necessitate long-term planning.

With such a view in mind, it might be promising to follow suggestions from experts to consider
capturing other pollutants from road transport. Emitting less CO2 will also affect road transport
emissions of different hydrocarbons, volatile organic compounds (VOC), carbon monoxide (CO),
particulate matter (PM) and nitrogen oxides (NOx). While it can, to some extent, be expected that these
pollutants would also decline with reduced CO2 emissions—the optimization of combustion in an
internal combustion engine may result in less CO2, but more NOx. Furthermore, abrasive emissions
from tires, brakes and clutches are not a result of combustion, even if they may decline as a consequence
of less transport services performed with CO2 emissions or in individual cars [5]. In any case, it might
be worth seeking to cover these emissions too, as it would certainly increase the cost–benefit ratio of
the whole approach.

Data protection was mentioned as an issue that would merit further research, too. This applies to
both the protection of consumer data (personal data) and the protection of the data system against
attacks and/or manipulation from outside.

Experts did not mention the possibility of fraud—i.e., providing fuel from clandestine sources,
which may sniff out new “business opportunities”. While fraud is not likely to be fully prevented,
it is unlikely to seriously undermine the system. The probability of its occurrence may depend on the
range of exemptions which are likely, as fuel for military purposes and possibly some other segments
(e.g., police, ambulance) are obvious candidates in this respect. Subject to further investigations,
the potential “leakage” does, however, not appear to reach a scale that could outweigh the benefits in
terms of absolute emission reductions.

6. Conclusions

This paper sought to enhance the toolbox of road transport emission policies by designing
and assessing a downstream, demand-side approach that we label “cap and surrender” (C&S).
Following an assessment of existing road transport policies, we assembled a policy prototype based on
the design-thinking methodology. In a subsequent step, we asked European transport experts to assess
the concept in terms of economic, environmental and social impacts.

A review of existing scientific literature and studies shows that analyzing demand-side policies
closes a gap in existing literature, which has not been discussed so far. We find that a system such as
C&S could fill a gap in current policies. Yet the time required to set up such a system, as well as
the political circumstances, may make this an inopportune time to embark on an implementation
immediately. In the longer term, however, and bearing in mind 2050 targets and beyond, it might be
promising to supplement existing actions and to increase the overall acceptance of pull measures taken
to convince consumers of the need for more sustainable transport patterns.

Regarding the assessment of the policy prototype’s impacts, experts were overwhelmingly positive
on environmental effectiveness, but more cautious in terms of some economic and social impacts.
According to the European Commission, Europe should achieve the net-zero emissions target by 2050.
It is safe to say that this is going to require a significant change in behavior across all European societies
and states. Therefore, confronting people with the need to change behavior by discussing a push
measure, such as C&S, may appear a promising option. Employing such a system in the longer term is
likely to provide a high level of awareness that paves the way for further and possibly more radical
measures and actions to arrive at net-zero in the time that remains.

While C&S represents a stand-alone system, it is not a stand-alone policy. It allows for the
full decarbonization of the road transport sector within a pre-defined time; however, it will only be
successful if embedded in an overall policy strategy that ranges from energy policies to spatial and
urban planning and affects not only the organization of work, but the organization of civil life in a
low carbon economy under democratic conditions. The European Green Deal may be the first step
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in this direction. Achieving net-zero emission is complicated objective to reach. It will necessitate
complex actions that inevitably affect ordinary people. The awareness raising effects of a C&S system,
interacting with a broad share of the society, may help to prepare the ground.
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