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Abstract

Emissions from transportation have been growing for as long as records have been kept.
Urgent measures must be taken to stop this growth. This research aims to take a further
step towards the decarbonisation of urban transport. It consists of carrying out a Cost-
Benefit Analysis (CBA) of different options for renewing the fleet of city buses in a
medium-sized Spanish city. A comparison of zero-emission technologies is made to see
which one achieves better values in the CBA. It is concluded that retrofitting old-diesel
buses to electrical ones is the most appropriated option given the results of the CBA.

Resumen

Las emisiones del transporte han crecido desde que se tienen registros. Se deben tomar
medidas urgentes para detener este crecimiento. Esta investigacion pretende dar un
paso mas hacia la descarbonizacion del transporte urbano. Consiste en la realizacion
de un Andlisis Coste-Beneficio (ACB) de diferentes opciones para la renovacion de la
flota de autobuses urbanos en una ciudad espafiola de tamafio medio. Se realiza una
comparacion de tecnologias de cero emisiones para ver cudl de ellas alcanza mejores
valores en el ACB. Se concluye que la reconversion de los antiguos autobuses de

gasoéleo en eléctricos es la opcion mas adecuada dados los resultados del ACB.

Resum

Les emissions del transport han anat creixent des de que es tenen registres. Cal adoptar
mesures urgents per a detenir aquest creixement. Aquesta recerca pretén fer un pas
més cap a la descarbonitzacié del transport urba. Consisteix a dur a terme una Analisi
de Cost-Benefici (ACB) de diferents opcions per a la renovacio de la flota d'autobusos
urbans en una ciutat espanyola de grandaria mitjana. Es fa una comparacio de les
tecnologies d'emissié zero per veure quins s'aconsegueixen millors valors en la ACB.
S'ha arribat a la conclusié que la adaptacié dels autobusos vells de gasoil a eléctrics és

I'opcié més apropiada donats els resultats del ACB.

Keywords

City bus, retrofit, circular economy, decarbonisation of transport, batteries.
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1. Introduction. Scientific relevance of the topic to research.

Since 2011, when the European Commission published the Roadmap 2050, member
states and regional governments have started to work to achieve this goal: zero
emissions by 2050 and a 55% reduction in 2030. Although it is true that the objective is

very ambitious, year after year steps are taken to achieve it.

Of all the most pollutant sectors, transport has been the only one that has increased the
emissions since 1990, were the carbon footprints of transport were more than 950Mt of
CO:z. In the following years there has been a 27% of increase reaching the peak of
emissions in 2008. This increase has been especially significant in land transport of

goods, maritime and air.

This paper wants to contribute to the decarbonisation of urban road transport. To reach
this objective, we will study how to apply measures to city buses, which, as will be
explained in the following sections, is one of the main causes of pollution in 21%-century
cities, due to the consumption of non-renewable resources. This process will help to
meet the EU objectives mentioned in the first paragraph of this section. To this end, we
propose to electrify the city bus fleet but using the circular economy: bus retrofitting, from
diesel to electric.

Furthermore, we will see how these measures can save significant amounts of money to

the municipal coffers.

The specific measure which will be covered in this study is regarding the public transport
of a city: the city bus fleets. And to do this we will compare the different alternatives for
the public bus fleet through a cost-benefit analysis: the appropriate tool to assist political

decision-making.

It should be borne in mind that buses are the most widespread public mode of transport,
where in many cities it is the most recurrent. Particularly in small and medium-sized
cities, where mass rapid transit infrastructure is not possible due to the high cost of the

infrastructure or that the city's subsoil does not allow this underground work (Gallotti &

Barthelemy, 2015).
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During the 4 years of the bachelor’s degree, through different subjects, we have studied
the environmental impact of the different logistics activities, mainly transport. Also, we
have studied Cost-Benefit Analysis methodology applied to transportation projects. In
this research | focus on one of the main negative externalities that logistics produce:
emissions from transport. And what is more important, to find a way to achieve

decarbonization of city buses in a shorter time.

As a student placement in Leclanché SA (European battery manufacturer), | have been
able to work in this field at first hand, and to learn about the current trends for the
decarbonisation of transport.

This research originates from a real need of the company to know the viability of
developing a retrofit project for city buses. In addition to this, there are no previous
studies that prove the viability of a retrofit project for urban buses as a decarbonisation
option.

After this Introduction, the work is structured in the following sections: Section 2 contains
the Theoretical Framework, a review of the existing literature. In Section 3 the objectives
and their respective hypothesis. In section 4 the methodology used, and the analysis
carried out. Finally, section 5 presents the results of the research and the final

conclusions and recommendations in section 6 and 7.

2. Theoretical framework.

In this section, we will expose the set of research, theories, and concepts on which this
paper is based. To do this, firstly the impact of the emissions of transport will be analysed.
It will be followed by the emissions of the different typologies of fuels used in buses. With
all this we will conclude what type of fuels will be the most appropriate for this study.
Secondly, we will explain what a Cost-Benefit Analysis (CBA) is and why we are going
to use it in this project. We will see some examples of how CBA have been used in other
sectors and the importance of this methodology to analyse the viability of a project with

different alternatives.
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2.1Emissions

Figure 1 shows how CO:2 transport emissions in Europe increased from 1990 to a peak
in 2007. They then steadily reduced until 2014 largely due to the global financial crisis of
2008. To date, 2020, emissions have increased with respect to the low point reached in
2014. The goal of reaching zero greenhouse gas emissions by 2050 seems unattainable.
The graph shows the reduction that would have to be made to reach the target.

Figure 1. GHG in Europe. Historical data and forecasting according to decarbonization target

1400

Greenhouse gas emissions (Mt CO2e)
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Source: Transport & Environment. 2020 (Poliscanova et al., 2020)
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As we can see on the figure 2, transport is the only sector that has increased its
emissions since 1990. This means that while there have been improvements in other
sectors over the last few years to reduce emissions, the opposite has happened in
transport. To reach the 0-emission target, quick and effective decisions will have to be

taken in the transport sector to reach the target in time.

Figure 2. GHG emissions in Europe per sector indexed at 1990 level.
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Specially aviation which emissions levels have more than doubled (figure 3). On road
transport the worst evolution has been experienced by Light Commercial vehicles with

more than 56% increase.
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Figure 3. Only trains on track to meeting a 55% reduction in emissions by 2030

220

=) ’

%200 /

< /

8180 \_/\./

sal

= 160

2 Y TN

Y 140 /,- VA

> 4 i

ﬁno // 4’\ ~

et 1 >

R

2 100

e N

g ‘\ I~

S 60 Nl S~

~ N_]

2 40 ~N_L Pt

w

R o) N

< 20 e

=

<0 \\.
S D HODDORDBAD DO DD DS
B M AR RN R R S ¢ V- SR I SIS S
KRG G RSN SINFIN GNP RS g g

@ cars @ LightDutytrucks @ Heavy DutyVehicles @ 2-Wheelers
@ Trains @ Aviation (Dom.+Int.) @ Navigation (Dom. + Int.)

. Decarbonisation targets (-55% 2030, -100% 2050)

Source: Transport & Environment. (Poliscanova et al., 2020)

To handle it, on 2013, the European Climate Foundation published the report “From
Roadmaps to Reality: A framework for power sector decarbonisation in Europe” it sets
out how European energy policies can be improved to achieve decarbonisation (Acke
Dries et al., 2013).

Urban passenger mobility must take major steps to achieve the objectives of

decarbonisation.

10
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In the following figure (4) we can see how there are only two technologies capable of
achieving zero emissions: Battery Electric Vehicle (BEV) and Fuel Cell Electric Vehicle
(FCEV).

Figure 4. Emissions comparison

gl

{mg/km) {mg/km)
Diesel (euro 6) 74 (306,4) 0,03 (1,8) 15
Diesel {suro 5) 1374 (876,6) 0,14 (1,8) 15
Diesel (suro 4) 221,6 (712,7) 19,4 (36,6) 49.8
Gasoline 16,6 (48.2) 0,71 11,1} 143
58(12.2) 0,03 (0,0 13,1
0,6 0 13,1
0 0 13,1
GNC (bifuel) 16,8 (48,9) 0(1,1) 14,3
GLP (bifuel) 18,4 (48.9) 0(1,1) 14,3
FCEV ] 0 13,1

(*) Only emissions by exhaust pipe.
(**) Itincludes exhaust emissions and vehicle component wear (frens, tires) and paving.
Type-approval values for vehicles are bold. The rest are the emission values of the Catalan guide for factors of issuance of the Generalitat

based on the methodology of the European Environment Agency EMEP/EEA derived from numerous experimental vehicle measurements.

Source: Eficiéncia energética en gestio6 de flotes. Generalitat de Catalunya - Institut Catala d’Energia (Morer Forns et al., 2015).

Although hybrid technology has very low values, we must emphasize that the objective
is zero emissions, so with this technology we cannot achieve the target.

So, to achieve full decarbonisation the local government must acquire one of these two
technologies.

However, we must take in account that for a transportation entity is not feasible in the
short term or immediately to completely replace existing conventional vehicle fleets by
zero emissions ones due to existing fleets assets value.

Anyway, the major problem of the cities councils is how the end up with the existing
diesel bus fleets which they acquired in the years 2010 - 2020 and which have not yet
reached the end of their useful life. A possible solution to all this is to replace the bus
fleet in a staggered manner, and easily adapt to the technological changes as frequent
as they are in zero-emissions vehicles.

We must also bear in mind that each of these technologies has drawbacks.

11
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As hydrogen production and distribution network it is not yet sufficiently developed to be
implemented for a large-scale fleet vehicles (Thorne et al., 2019), this research will not
analyse this option as an alternative.

As well a sudden proliferation of electric vehicles will impose a significant load on the
existing power grid, having economic and environmental consequences (Santos et al.,
2016). Even so, an overloaded electricity network seems to be only a problem in
countries or cities with an energy deficit (e.g., Eastern European cities with a high
dependence on thermal energy and those emerging economies that have seen a very
rapid increase in population in recent years). It seems that in Western Europe today it is
not a big issue.

It must be considered that energy consumption in electric vehicles depends on several
factors, and these must be taken in consideration when choosing this type of vehicle.
There are three main factors: ambient temperature, as the temperature decreases, the
energy consumption increases; parameters correlated to the route type, in city, the
energy consumption is more important because of the frequent stop and start driving;
and the driving style, the energy consumption is reduced when privileging a calm driving

style with smooth pedal motions and constant moderate speed (Younes et al., 2013).

2.2Cost-Benefit Analysis

To correctly analyse which bus option is the most suitable, we will carry out a Cost-
Benefit analysis. The application of the CBA methodology is decisive for the economic
assessment of the viability of certain projects. The aim of it is to provide a consistent
procedure for evaluating decisions in terms of their consequences (Dreze & Stern, 1987).
Furthermore, the purpose of a cost-benefit analysis is to be a way of deciding what
society prefers. Where only one option can be chosen from a series of options, CBA
should inform the decision maker as to which option is socially most preferred (Ajit K.
Dasgupta & D. W. Pearce, 1972). Then we can conclude that Cost-benefit analysis is
the best suited methodology to decide which project should be executed, due to is the
key economic tool used everywhere for analysing problems of social choice (Mishan,
2007).

The objective of CBA is to maximize the profitability of public resources. Therefore, it

allows to decide the preference in comparison with:
12
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- Diverse alternatives

- Diverse alternatives and alternative of doing nothing (current situation)

A cost-benefit analysis proceeds in four stages. Firstly, the identification of cost and
benefits and their relevance in the project. Secondly, the valuing of the cost and benefits.
Thirdly comparison of the costs and benefits that add up over the life of a project, with
the appropriate discount rate. And finally, comparison of the project with the alternatives

and the project selection (Nas, 2016).

Government departments and agencies must do a CBA in projects that requires high
investment. For instance, in water supply and sanitation (Hutton et al., 2007), to build a
high-speed rail (Inglada-Lopez de Sabando & Coto-Millan, 2002), to implement a Medical
Emergency Team (Bonafide et al., 2014) or to build a new nuclear power plant (Kennedy,
2007).

Also, CBA methodology has been widely used for evaluation of transport projects due to
it allows to allocate scarce resources in a more efficient way (Mackie & Nellthorp, 2001).

For instance, Feng et al. (2016) made a CBA of Hybrid Electric Mining Trucks. This study
analysed the feasibility of making hybrid mining trucks via retrofitting them. To perform
that retrofit, implies additional costs, such as the added battery ESS (Energy Storage
System) and the load capacity loss due to the additional weight of the ESS. Anyway, it
brings better fuel efficiency, reduced truck operation cost, and a reduction in emissions.

Furthermore, the fast-declining battery cost ensures one year of payback time.

In maritime transport, some studies have also been carried out using this methodology.
Glykas et al. (2010) done a cost—benefit analysis for the installation of solar hybrid power
on merchant marine vessels. The researchers conclude that the installation of
Photovoltaic systems on merchant vessels highly depends on the annual average
increase of the fuel oil. The higher the increase, the smaller the payback period of the

investment.

Despite all of the above, there are not many articles that conduct a CBA of sustainable
technologies to fleet of city buses, and the ones that are found are those of Gerbec et

al., Lajunen and Noel & McCormack.

13
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Gerbec et al. (2015) analysed the alternative propulsion systems (CNG and Hydraulic
hybrid) and compare the performance in terms of costs and benefits with diesel buses in
the public transport of Ljubljana, Slovenia. It concludes that the reliability of the analysis
strongly depends on the data applied or on their forecasting. So, the results show how
in the future the public transport company shall consider the variability in the performance

of technological solutions.

Besides that, Lajunen (2014) also carry out a cost-benefit analysis, but in this case
comparing hybrid and electric city buses. This research conclude that the capital and
energy storage system costs are the most critical factors for hybrid and electric city
buses. Even though hybrid and electric powertrain technology can clearly improve the
energy efficiency, it depends also on the operation route and schedule. However, it is
difficult to implement without any financial incentives or supporting legislation such as

requirements of pollution free zones.

Noel & McCormack (2014) in the journal Applied Energy, published a very remarkable
article in this field, a cost-benefit analysis using an electric bus compared to a traditional
diesel bus. This analysis was innovative because it focused on public fleet vehicles. And
it comes to a clear conclusion: the incorporation of heavy electric vehicles into the public
vehicle fleet is not only a reasonable option, but an imperative. The net present value of
electric vehicles provided during the service life will greatly reduce the upfront cost of
purchasing electric vehicles. In short, electric buses can save thousands of dollars for
each public seat during the entire life cycle, while avoiding external factors in health and
the environment, and encouraging the further popularization of electric vehicles and the

growth of renewable energy.

14
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2.3Government Franchises

Public administrations are in charge of managing the urban transport service through
concessions. The Spanish concession system implies that private bus companies
interested in operating in a city compete with each other by offering better conditions to
users (like cheaper ticket fares, more frequencies or a higher quality service) in order to
obtain an administrative permit to operate in each city. Through this concession, the
company obtains the right to provide the service as a monopolist, in exchange for
maintaining the conditions it bid to win. Furthermore, concession contracts must be
limited in time. It does not set the maximum number of years of a concession, but cannot
exceed the time considered reasonable for the concessionaire to recoup the investments
made. In any case, as urban buses is an operation of a service, the concession contract
may not exceed 25 years. (Law 9/2017, of 8 November, on Public Sector Contracts,
transposing into Spanish law the European Parliament and Council Directives
2014/23/EU and 2014/24/EU, of 26 February 2014). A contract term of 7 to 12 years is
recommended. This is a reasonable term that allows the authority to improve contractual
clauses in successive tenders. It promotes competition compared to long-term contracts,

as companies face competition more frequently (Global Green Growth Institute, 2018).

It is noted that, as a general rule, in large cities there is only one public city bus operator,
while in small cities the service is provided by a private company. A small city usually
has between 13 and 25 lines of buses, with a length less than 400 km. A medium-sized
city has between 400 and 1000 km. The big cities have more than 100 lines with more
than 1000 km of length. The line length is taken as the sum of the lengths between the
line headings in both directions (Monzén et al., 2020).

This system allows to ensure bus transport between points with a lower number of
passengers that would not be of commercial interest to the companies. By grouping
profitable and unprofitable routes under the same concession, the winning company can
use the profits of the profitable routes to cover the losses of the unprofitable ones. The
specifications for the concession also state which type of bus have to be used and the

money earmarked for the purchase of new vehicles.

15
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2.4Conclusions

Transport is the biggest polluter, and it has only got worse in recent decades. And urban
passenger road transport is not an exception. In order to meet the objectives set by the
European Commission, wide strides must be made in a short period of time. Electrifying
the venhicle fleet seems to be the most appropriate solution to achieve the objective set
out at the beginning of this paper: zero emissions by 2050 and 55% reduction in 2030.
That is why we will focus on rechargeable energy storage (batteries). Hydrogen fuel cells
are the only other option that ensures zero emissions, but as concluded in the study of
Thorne et al. (2019), as the technology is not widely used, it is difficult to apply on a large

scale. So electric is the most suitable option despite its limitations.

Previous literature finds that the cost-benefit of using electric buses is positive despite
the fact that public subsidies are sometimes needed to sustain it. Even so, the positive
externalities that the electric vehicles generate, help the net present value to be higher.
Moreover, the concession system allows these technologies to be used even though the

initial cost is higher.

But to achieve this in time, it is unfeasible for most municipalities to purchase new electric
buses and dispose of their entire old bus fleet, considering that have not reached the
end of their useful lives. Therefore, bus retrofitting seems to be a good option given the

existing constraints.

That is why this study will consider these two options: buying a new electric bus or
retrofitting an old bus to an electric one. After a careful examination of the existing
literature, we conclude that this comparison has not been conducted by anyone before,

so it's an original contribution to the body of knowledge.

The literature on sustainable alternatives is scarce, particularly for city bus fleet we have
found a few contributions analysing electrical option. Therefore, this study contributes to
the existing literature by being the first analysis that includes not only the electric option

but also the retrofit.

Following this conclusion, a table of the most significant literature used in this section is

presented.

16
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Table 1. Relevant literature

Author

Year

Contribution

Feng et al.

2016

Feasibility of making hybrid mining trucks via retrofitting
them. It implies additional costs (the battery and the load
capacity loss). Anyway, it brings better fuel efficiency,

reduced truck operation cost, and a reduction in emissions.

Gerbec et al.

2015

Compared CNG and hybrid propulsion systems in terms of
costs and benefits with the actual diesel buses in the public

transport of Ljubljana

Glykas et al.

2010

CBA for the installation of Photovoltaic systems on
merchant vessels conclude that highly depends on the

annual average increase of the fuel oil.

Lajunen

2014

Comparing hybrid and electric city buses conclude that the
capital and energy storage system costs are the most
critical factors. However, it is difficult to implement without

any financial incentives or supporting legislation.

Noel & McCormack 2014

Electric bus compared to a traditional diesel bus. Electric
buses can save thousands of dollars during the entire life
cycle, while avoiding external factors in health and the

environment.

Source: Own elaboration

17
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3. Research questions

The municipalities must constantly make decisions regarding the city bus fleet in their
cities. Especially when choosing the transport operator's and the purchase of the buses.
If zero emissions are to be achieved, each local government must make the appropriate
decisions despite the fact that it may be the case that the most environmentally
sustainable option is the most expensive option in monetary terms. This paper is going
to be analysed which option is the most suitable among the options offering zero
emissions. The analysis will be focused on a medium-sized Spanish city, that could be
the case for many European cities.

The option of buying diesel buses is not analysed in this research because it is not
consistent with the emission reduction targets.

The replacement of the ongoing fleet that has arrived at the end of his useful life is a
concern that all city councils must decide each certain of time. Each typology of vehicles
gives some advantages and disadvantages. In the case of Diesel buses, that are most
often, are supposed to depreciate in 10 years. Since the concession period is usually
shorter than the depreciation period, it is assumed that the buses will also be used in the
next concession period. The municipality can oblige the next concessionaire to buy the
buses from the previous concessionaire when taking over the concession, at a cost
reflecting the depreciation period. Or the same concessionaire wins the tender for
several consecutive periods. It is also often that the owner of the buses is the city council
and the transport operators run the use of these buses. In any case, the city council, is

faced with a dilemma. Which type of vehicle should choose when renewing the fleet?

On one hand, the life of the diesel could be extended, by spending money on a new
diesel traction system. When this is over or not possible, there is the option to buy new
diesel buses. On the other hand, there is an environmentally sustainable but expensive

solution: switch to electric bus.

Furthermore, it should be noted that there was a massive change in all municipalities
and governments that started from the Paris agreements in November 2016. The
announcement of the New European Green Deal in 2019 with the new Emissions
regulations that entered in 1st Jan 2020 which made the industry and governments to
stop thinking on progressive emissions reductions in new vehicles (Euro V and Euro VI

norms entered in 2008 and 2012 respectively) and switch to a zero emissions mindset.
18
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Not forgetting the historical sanctions on Volkswagen Dieselgate (it should be recalled

that claims for moral damages due to emission fraud are still pending (Fuentes, 2020)).

Indeed, there are more alternatives to these options, such as Natural Gas Vehicle include
compressed natural gas (CNG) and liquefied natural gas (LNG), liquefied petroleum gas
(LPG), Biodiesel vehicles and all the hybrid and bi-fuel ones.

But in this paper, as mentioned previously, we are going to focus on battery electric bus
as it is the only technology, apart from hydrogen, that guarantees zero emissions. And
not only that, but we are also going to add a new and unusual option: retrofitting from
diesel to electric.

The proposal is going to be raised is innovative; few cities have dared to take this step.
Perhaps because of a lack of knowledge about it or a lack of confidence in the solution.

As we have seen above, in the works written so far, there is none that evaluates the
viability of making a retrofit project as an alternative to the decarbonisation of the city bus
fleet. Although they focus on alternative fuels, the option of retrofitting buses from diesel
to electric is not considered despite being a real alternative for the adaptation of the fleet.

That is why in this paper a CBA is going to be developed for comparing the two following
options for a medium-sized Spanish city:
Project 1. Retrofitting the buses: from diesel to electric

Project 2. Buy new electric buses.

So, in the next section we will answer the following question:

Which is the best option from the point of view of cost-benefit analysis?

As more than one alternative is evaluated, the decision rule is the following:
- If one of the projects had a positive NPV, the project with the highest NPV
would be selected.
- If no alternative had a positive NPV, the best alternative in terms of economic
efficiency would be to remain in the situation, not to carry out the project.

Continue with old diesel fleet.

After that analysis, we will answer the second question:

Bus retrofitting is a sustainable and efficient solution for bring the bus fleet up to date?
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4. Methodology

4.1 Preliminary considerations. CBA structure.

To carry out this research, we will follow the steps mentioned in section 2.2 of how to

perform a Cost-Benefit Analysis:

I.  Objectives.
[I.  Alternatives.
[ll.  Identification of cost and benefits.
IV.  Valuing the cost and benefits.
V.  Comparison of the costs and benefits that add up over the life of a project, with
the appropriate discount rate.

VI.  Comparison of the project with the alternatives and the project selection.

It"s worth mentioning that this methodology is recommended by the European Union to

analyse the feasibility of public projects (Sartori, 2014).

Firstly, define the objectives of the project, considering that the project is addressed to a
city council. Furthermore, the consequences of the improvements should be considered,
as well as the changes that the project will produce. The objective of this CBA
corresponds to the decarbonisation targets set by the EU, as explained in the section
2.1.

Then, as mentioned in the previous section, specify the set of alternatives to the

implementation of the project:

Project 1. Retrofitting the buses: from diesel to electric

Project 2. Buy new electric buses.

The third stage requires the identification of the social Costs and Benefits of the project
and its economic evaluation. This process is one of the most important stages in
analysing the social profitability of a project. That is why it is necessary to observe all the
connections between markets, and how individuals (economic agents) change their
behaviour by changing incentives (or prices). It is important to note that this is about
social costs and benefits, as opposed to a financial analysis that only considers monetary

revenues and costs.
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Time is also a key variable, so the discount rate should be chosen. One of the most
important features of CBA is that it must consider the time frame in which the costs and
benefits of a project occur. So, we make the following operation: the social discount rate
(r). The r measures the rate at which a society is willing to shift from present

consumption to future consumption.

Cn

Co=—n
T A +n)n

Where:

Cn = Estimated future capital
Co = Present capital

n = number of periods

It should be noted here that this is not the market interest rate, where only the cost of
capital used in the project is reflected. Instead, it is the opportunity cost of the funds used

in the project.

When:
r is high, the present is valued more
r is low, the future is valued more

After choosing the discount rate, the profitability of the projects should then be studied.

The following formula is used for this analysis:

- Net Present Value (NPV): is the difference between the current value of

social benefits and the current value of social costs.
NPV = Zn: Be— G
& (1+nr)t
Where:
B; = Social Benefits in each period
C; = Social Costs in each period

r = discount rate

t = period
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In an investment, whether public or private, it depends on when the Costs and Benefits
are produced. That is why it is very important to choose an appropriate discount rate (r).
For instance, society perceives that the damage that climate change can generate in 50
years' time is worth less because it is so far away. However, the cost of reducing
emissions today seems to us to be worth more because they are closer in time.

Therefore, governments tend to be more concerned with short-term problems because

society value them more.

Once the results are obtained, the project is compared with the alternatives. Generally,
the alternative that generates the highest NPV is chosen, if at least one of the alternatives
has a positive NPV. Otherwise, if all the alternatives are negative, the closest alternative
to 0 NPV will be chosen.

Finally, the decision or recommendation must be issued. However, given that NPVs are
expected values, the project with the highest NPV may not be the best option, given the

uncertainty in some of the study variables (Layard & Glaister, 1994).

Despite all the above, this methodology also has weaknesses and present some
problematics to decision makers (Beukers et al., 2012). The most remarkable one is that
CBA is extremely sensitive to the values used in the different alternatives. A significant
error in any of them can cause a bias in the results or even go to the point of changing
the result from negative to positive or vice versa (Jones et al., 2014). But because this
research uses mobility data, this work does not largely present this problem. As on one
hand passenger number data provided by the bus tender is used, and on the other hand
the costs of the technology are actual data provided by a company working on it.

4.2 CBA process.

For this research we will consider a medium-sized Spanish city, which can be considered
a population of approximately 700,000 inhabitants.

Three different types of buses are mainly used in cities: Short (10 meters of length),
Standard (12 meters of length) and Articulated (18 meters of length). In this research we

will focus just on standard buses, due to is the most used type of bus in cities.
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4.2.1 Variable definition

Following the previous works of Gerbec (2015), Lajunen (2014) and Noel (2014)

mentioned on section 2.2, the costs and benefits to be considered are the following:

Table 2. Definition of variables and data sources

Variable definition Value Source Link
Cost of diesel bus 255000 € Tender of city buses in Zaragoza link
Cost electric bus 698 792 € Zaragoza City Council link
Cost of retrofit 259 320 € Leclanché SA

Cost replace batteries 180 200€ Leclanché SA

Average journey per year 60 000 km  Tender of city buses in Zaragoza link
Lifespan retrofit 8 years Leclanché SA

Lifespan new electric 16 years Leclanché SA

ITV 1° inspection 61.03 € Revisions de vehicles, S.A. link
Taxes (IEDMT and IVTM) N/A BOE: IEDMT&IVTM

Insurance 0.07 €/km Dwarsverband - TIB link
Fuel price 1.189 € DieseloGasolina.com link
Maintenance diesel 0.16 €/km Dwarsverband link
Maintenance electric 0.08 €/km Leclanché SA

Energy price 0.08 €/km PROFIELECTRA S.L. link
Consumption diesel 0.45 I/km Teknologian tutkimuskeskus link
Consumption electric 0.8 kWh/km  Sustainable Bus link
Total fleet Journeys per year 90 000 000 Tender of city buses in Zaragoza link
Fleet 352 Avanza link
Average price per ticket 0.62 € Tender of city buses in Zaragoza link
Residual value bus 20% Observatorio costes viajeros link
European Fund for new 15000 € Instituto para la Diversificacion 'y link

electric

Source: Own elaboration

4.2.2 Social Benefits

Ahorro de la Energia

Firstly, for the benefits, is considered the direct revenues per user, as established in the

concession specifications. In both projects we consider the same revenues. It's

calculated in the following table:
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Table 3. Total benefit per bus

Journeys per year total fleet 90 000 000 journeys

Fleet 352 buses
Average journeys per bus 255 682 journeys
Average price per ticket 0,62 EUR
Benefit per bus 158 523 EUR

Source: Own elaboration based on data of Table 2.

In addition to these annual revenues (applicable for both projects), two additional
revenues must be added in the year zero of project 2 (new electric bus). Firstly, an
incentive from European Regional Development Fund (ERDF) for sustainable mobility
(Instituto para la Diversificacién y Ahorro de la Energia, 2019) and secondly, the residual
cost of the diesel bus, which according to the Ministry of Transport and Infrastructure is
20% of the purchase price (Ministerio de Fomento, 2013) (20% of 255 000€). So total
revenue in year zero for the new electric bus project is calculated in the following table:

Table 4. Additional benefit per bus on year 0 of project 2 (new electric bus)

ERDF incentive per bus 15 000 EUR
Residual cost of diesel bus 51 000 EUR
Additional benefit per bus 66 000 EUR

Source: Own elaboration

In the case of the retrofit (project 1), there is no additional revenue, because according
to the principle of the circular economy, the same old buses will be used to develop this

project.

4.2.3 Social Costs

The operational expenditures (OPEX) of each project should be calculated in order to
proceed with the CBA. For the calculation, we will only focus on the operating costs of
the bus itself, ignoring all other costs, which regardless of the technology will be the
same. As the technology used in the two projects is the same (Battery Electric Buses),

the operating costs are the same for both projects.
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Table 5. Total cost per bus

Average journey 60.000 km/year
Energy price 0,08 eur/kWh
Consumption 0,8 kWh/km
Consumption per year 3840 EUR
Insurance 0,07 eur/km
Total insurance per bus 4 200 EUR
Maintenance 0,08 eur/km
Total maintenance per bus 4 800 EUR
ITv 61 EUR
TOTAL OPEX PER BUS 12.901 EUR

Source: Own elaboration based on data of Table 2.

Then, in the year zero must be added the capital costs (CAPEX), which in the first project
is the cost of doing a retrofit (259 320 €), and in the second is the cost of buying a new
electric bus (698 792 €).

In the case of the new electric bus, an additional cost must be added to year 8 due to
battery replacement. Since the introduction of lithium batteries in vehicles to store
electrical energy for propulsion, the price of batteries has been decreasing and their
performance has been increasing. Nevertheless, up until now it is still one of the most
expensive parts of the electric vehicle. So, the cost of year 8 in project 2 is 180.200€

(battery replacement) plus the yearly OPEX of 12.901€, which gives a total of 193.101€.

4.2.4 Discount rate

For the selection of the social discount rate, we will choose 5% as it is the standard rate
(Sartori, 2014).
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5. Results

Now we proceed to make the table with the annual costs and benefits for each project.
These two data are subtracted to find the annual net benefit. With this we apply the NPV
formula and we have the annual result.

Firstly, for the project 1 (as mentioned on Table 2, 8 years of lifespan)

Table 6. Project 1- Retrofit

Year | Costs Revenue Benefit NPV

0 259.320 € - 259.320 € -259.320 €
1 12.901 € 158.523 € 145.622 € 138.687 €

2 12.901 € 158.523 € 145.622 € 132.083 €

3 12.901 € 158.523 € 145.622 € 125.793 €

4 12.901 € 158.523 € 145.622 € 119.803 €

5 12.901 € 158.523 € 145.622 € 114.098 €

6 12.901 € 158.523 € 145.622 € 108.665 €

7 12.901 € 158.523 € 145.622 € 103.491 €

8 12.901 € 158.523 € 145.622 € 98.562 €

Source: Own elaboration based on data of Table 2, 3 and 4.

With this table, the annual NPVs are added up to get the total Net Present Value of

Project 1, that is 681.864€.
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Following, the table for Project 2,

Table 7. Project 2- New electric

YEAR

© 00 N O OO~ W N BB O

[ S S N S N
aa A W N P O

16

Costs
698.792 €
12.901 €
12.901 €
12.901 €
12.901 €
12.901 €
12.901 €
12.901 €
193.101 €
12.901 €
12.901 €
12.901 €
12.901 €
12.901 €
12.901 €
12.901 €
12.901 €

Revenue
66.000 €

158.523 €
158.523 €
158.523 €
158.523 €
158.523 €
158.523 €
158.523 €
158.523 €
158.523 €
158.523 €
158.523 €
158.523 €
158.523 €
158.523 €
158.523 €
158.523 €

Source: Own elaboration based on data of Table 2, 3 and 4.

Benefit
-632.792 €
145.622 €
145.622 €
145.622 €
145.622 €
145.622 €
145.622 €
145.622 €
-34.578 €
145.622 €
145.622 €
145.622 €
145.622 €
145.622 €
145.622 €
145.622 €
145.622 €

The total Net Present Value of Project 2 is 823.456€.
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- 632.792 €
138.687 €
132.083 €
125.793 €
119.803 €
114.098 €
108.665 €
103.491 €
-23.404 €
93.869 €
89.399 €
85.142 €
81.088 €
77.226 €
73.549 €
70.047 €
66.711 €
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In order to match the timeline of both projects, another retrofit should be added after
finishing the lifespan of the retrofit. So, on year 9 (when the lifespan is over), 259.320€
must be added to the costs of that year in order to have another retrofit and reach a total
of 16 years in Project 1. In this way it can be compared with Project 2 as it would have
the same project lifespan.

Table 8. Project 1- With Two Retrofit

YEAR | Costs Revenue Benefit NPV

0 259.320 € - 259.320 € - 259.320 €
1 12.901 € 158.523 € 145.622 € 138.687 €
2 12.901 € 158.523 € 145.622 € 132.083 €
3 12.901 € 158.523 € 145.622 € 125.793 €
4 12.901 € 158.523 € 145.622 € 119.803 €
5 12.901 € 158.523 € 145.622 € 114.098 €
6 12.901 € 158.523 € 145.622 € 108.665 €
7 12.901 € 158.523 € 145.622 € 103.491 €
8 12.901 € 158.523 € 145.622 € 98.562 €
9 272.221 € 158.523 € -113.698 € -73.291 €
10 12.901 € 158.523 € 145.622 € 89.399 €
11 12.901 € 158.523 € 145.622 € 85.142 €
12 12.901 € 158.523 € 145.622 € 81.088 €
13 12.901 € 158.523 € 145.622 € 77.226 €
14 12.901 € 158.523 € 145.622 € 73.549 €
15 12.901 € 158.523 € 145.622 € 70.047 €
16 12.901 € 158.523 € 145.622 € 66.711 €

Source: Own elaboration based on data of Table 2, 3 and 4.

The total NPV of project 1 adding the second retrofit is 1.151.734€.

Following, a sum up table of the results of both projects.

Table 9. NPV Projects comparison

Project 1

Project 2

Total NPV 1.151.734 EUR

Source: Own elaboration based on data of Table 7 and 8

823.456 EUR

Both projects have positive NPV, but project 1 has higher NPV that project 2.
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6. Conclusions

Within the framework of the decarbonisation of transport, the European Union has set

clear objectives that are important to achieve in order to meet the proposed goals.

Urban mobility occupies an important place within this goal, so this research has
analysed viable alternatives to achieve zero emissions for a medium-sized Spanish city,

which could be the case for many European cities.

The results of this study show that retrofitting the current diesel buses into electric
powered buses is the best option from the point of view of a Cost-Benefit Analysis to
decarbonise the bus fleet. The other option analysed (buying electric buses) shows

worse results: it is more expensive for the municipal coffers.

So, bus retrofit is a sustainable and a cost-effective solution. On one hand, is based on
the concept of circular economy by using the existing bus fleet to extend its life with zero
emissions. On the other hand, the results obtained in the cost-benefit analysis show that

it is the most cost-effective option to completely decarbonise the urban bus fleet.

The question that now arises given these results is: does Spain have the network of

specialised garages to successfully implement this retrofit project on a large scale?

7. Recommendations

Based on the results obtained in the present project, where the available zero-emissions
technologies to renew the city bus fleet were assessed, renewing the fleet by retrofitting
old diesel buses into electrical ones is the best option that municipalities should consider
when faced with the dilemma of which technology to use to make cities zero-emission

from an urban passenger mobility point of view.

As this retrofit project would require garages large enough to change the engine and the
required parts of a 12-metre bus, the second recommendation to come out of this
research is if there are no enough garages available in Spain to perform a retrofit of
urban buses in a large scale and if there aren’t the necessary know-how is available to
carry it out, it is recommended that the State should generate support programmes for

technology development at the national level.
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preparation of the research.
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Actions 42 43 44| 45 46 47 48| 49 50 51 52 53| 1 2 3 4 5 6 7 8 9 10 11 12| 13 14 15 16 17| 18 19 20 21| 22 23 24 25| 26|week

Definig and scope of the project

Scientific relevance of the topic to research - Justify the topic
Search and review of papers

Drafting of the theoretical framework

Writing the Theoretical framework.

Research questions of the hypotheses- objectives

Approach to work methodology

Overhaul: language correction: vocabulary, grammar, spelling, etc.
Delivery of the first report to the tutor (29/12/2020)

Report of the first quarter (12/01/2021)

Write the methodology

Perform the cost-benefit analysis

Delivery the interim report to the tutor (03/03/2021)

Report of the second quarter (10/03/2021)

After the assessments of the tutor, make the appropriate changes
Delivery interim report (17/03/2021)

Tribunal of follow-up (24/03/2021)

Rewrite the points highlighted by the tribinal and other corrections
Write the results of the research

Write the final conclusions

Delivery of the final report to the tutor (06/06/2021)

Report of the third quarter (13/06/2021)

After the assessments of the tutor, make the appropriate changes
Final delivery of the project (20/06/2021)

Final presentation (30/06/2021)
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