An Roinn Iompair,
Turasoéireachta agus Spairt
Department of Transport,
Tourism and Sport

Sustainable Mobility Policy Review




Contents

Context and questions for CONSIAEIAtioN .........c...eceecieieeeeeeeeeeetee ettt eae s ese b se e ebesaenens 1
1 OVEIVIBW ..ttt sttt ettt ettt st st bbbttt et et st sttt b et st ettt ae e be st st sttt asaeaa 2
2 INEFOAUCTION ..ttt sttt et sttt bbbttt et 5
3 Profile of Ireland’s urban bus flEt ..ottt eeeees 13
4 Assessment of alternative fuels and technologies..........eeeiereeeeeeceeeee e 22
5 ECONOMIC EVAIUALION ...ttt sttt sttt sttt s 35
6 Most appropriate fuelling options for different locations..........ccceeeeeeeceeeceeeeceeeeeeeeee 46
7 CONCIUSIONS ...ttt ettt sttt ettt sttt ettt ettt st sttt ettt st eaens 57
Appendix 1: Qualitative assessment of alternative fuels/technologies...........coeeeeveveecrecvenne. 62
Appendix 2: Certified emissions from a biomethane fuelled bus...........c.ooueeeeereeeeeecereereeeenene 84
Appendix 3: RegIONal CItIES’ ANAIYSIS ....vovevevererereeeeeeeetetereteteee et s s s se et seasaen 85
Appendix 4: Experiences with alternative fuels in some selected cities........coovvivevvivvevenenene. 87
ACTONYIMNIS.c.veveeerceecereteteeteereearesressessessesseeseessessessessessessessasssessossessessassensessesssssessessensensensessesssessossensensensensessessees 95

RS 1 ] A ToL TR 97



List of Figures

Figure 2.1: Ireland’s transport CO, emissions per Mode in 2017 ... eeveeereeeeeereeeeereneeeerereesesesnnes 6
Figure 2.2: Percentage of alternatively fuelled buses as a proportion of the overall (EU) fleet....... 8
Figure 3.1: Dublin Bus depot I0CAtiONS .......ouoveeeeeeeeeeeeeeeeeteteee ettt se e ne 16
Figure 3.2: Dublin Bus Passengers 2010-2018 ... eeeieereeeeereeeeereeeseeseeeseesesesaesessesesessessesenes 17
Figure 3.3: Bus Eireann Regional City fleet passenger numbers, 2007-2018.......ccocovevvvereerererrrene. 18
Figure 3.4: Bus Eireann Regional City passenger numbers, 2007-2018 .......voeoveeeeeeeerereereeereeseeeens 18
Figure 3.5: Passenger use on Dublin Bus, 2017 (average percentage of passengers per time
TIEEIVAL) ettt ettt ettt et s et et s s et et saees et saeesesesaessestsssasentsssasentsssasentssssentssessenssssssens 19
Figure 3.6: Passenger flow pattern of Bus Eireann Regional City Services in 2017 (average
percentage of passengers per time iNtErval).........ceeeeeeeeeeeeeeeererereereeeseesenenes 21
Figure 5.1: Graphic representation of Well-to-Wheel analysis.........ccoeueveveecereereceereeeeeeereceeeenne 37
Figure 5.2: Modelled emissions for the current Dublin Bus fleet compared to a diesel Euro VI
ONIY EQUIVAIENT FIEET ...ttt be bbb snebennen 42
Figure 6.1: Estimated WTW GHG and tailpipe NOx emissions for a double deck bus on the
LOWCVP Urban BUS tESt CYCIE...uuniiieceeeeeceeeteceetereestetee st benee 51
Figure 6.2 Estimated WTW GHG and tailpipe NOx emissions for a double deck bus on the
Millbrook London Transport Bus t&St CYCIE ...t 52
Figure 6.3: COPERT modelled CO2 emissions under three different congestion levels for the 6
alternatively fuelled 2023 bus fleet composition SCENArIOS........ccveevereveeerecveierereeerene. 54
Figure 7.1: Acquisition, operation and fuel costs per bus for each of the alternative fuel-types
relative to the baseline of a Euro VI double deck diesel bus...........ccoeveeeeereceinreieeenne, 61
List of Tables
Table 2.1: Estimated emissions from different Euro Class double deck diesel buses....................... 7
Table 2.2:  Number of alternatively fuelled buses in operation during 2016 from a selection of
NAJOT CIEIES.c.veneetietereteeteteeeteeceereeee e eere e e e ese e e e e s e sessesessessesensessesensesssensensesensensesensesssensensans 9
Table 3.1: Number of Dublin Bus buses per Euro class standard ..........cccoeveeveeeevveneceenrceeenne 14
Table 3.2:  Number of Bus Eireann buses per Euro class Standard..........oeeeeeeeeeeeeeseeeseeeseeeseeeseeesenns 14
Table 3.3:  Number of Go-Ahead buses per Euro class standard............ccoeeveeeeereeereerenereereneeeenene 14
Table 3.4:  Number of buses at each Bus Eireann regional City depot...........veeereeeereeeeeerereereenns 15
Table 3.5:  Average daily flow of Dublin Bus passengers, 2017 .......eeereeenrereeeerereeeereseserenne 19
Table 3.6:  Average weekly flow of Bus Eireann passengers by city services and day of week ... 20
Table 4.1: Assessment summary of Euro VI diesel bus performance in the existing PSO bus
FIEELES ettt ettt et e bbb et b ena b et esae b e b easrtebeneetesensetenan 23
Table 4.2: Assessment summary of electric urban buses compared to a Euro VI diesel
EUUIVAIENT... oeeeeeeeeeeetee ettt ettt ebe ettt e s s b ss s esess s s essesesessaseseseasesessneseneas 24
Table 4.3: Assessment summary of diesel hybrid urban buses compared to a Euro VI diesel
EUUIVAIENT ...ttt ettt et eb et e s b ss s ese s s b eseesesessasesessasesensneseneas 26
Table 4.4: Assessment summary of CNG urban buses compared to a Euro VI diesel equivalent....
...................................................................................................................................................... 27
Table 4.5: Assessment summary of biomethane fuelled urban buses compared to a Euro VI
AIESE] EQUIVAIENT ...ttt be s ess s s essesessessesessessesssesnessasonnessanon 29
Table 4.6: Assessment summary of biofuelled urban buses compared to a Euro VI diesel

EUUIVAIENT ...ttt ettt ettt et et ess b e a et s essessese s essesessessesensenssensan 31



Table 4.7:

Table 5.1:
Table 5.2:

Table 5.3:

Table 6.1:

Table 7.1:

Assessment summary of hydrogen-fuelled urban buses compared to a Euro VI diesel

EUUIVAIENT ...ttt ettt ettt b e e b e s b e s ese b e s essese s essesessessesensensesensan 34
Qualitative assessment of alternative fuels for buses relative to diesel........................ 36
Summary of scenarios examined, including comparative baseline case designated
S ettt ettt et b b et et ebebe R e A bbbttt e b e ke b e beseasas s as et et et etabaseseseaen 40
Percentage difference in emission levels of a range of scenarios compared to the
DASEIINE CASE.. ...ttt ettt e sttt se e s st e et e e e e s ne e sanans 43

Percentage difference in COPERT modelled CO2 emissions under three different
congestion levels for the 6 alternatively fuelled 2023 bus fleet composition

SCEINANIOS. . ceveeveeereereeereerereeseeseseeseeseseseesessesasessesssessessesessessesensessesessessesensessesensessesessessesensessesensn 53
Suitability evaluation of various alternative fuels/technologies for the PSO urban bus
fleet relative to a Euro VI diesel equiValent ... 60



Context and questions for consideration

This background paper is one of a number of papers that have been prepared by the Department
of Transport, Tourism and Sport to inform a public consultation on Ireland’s sustainable mobility
policy. The review work arises from a commitment in the Programme for a Partnership
Government® to review public transport policy “to ensure services are sustainable into the future
and are meeting the needs of a modern economy”. The public consultation is designed to give
stakeholders, interested parties and the general public the opportunity to reflect on the
information and analysis in the papers, to share their views, and to contribute to the development
of a Sustainable Mobility Policy Statement.

Sustainable Mobility can be described as linking people and places in a sustainable way by
supporting:
= comfortable and affordable journeys to and from work, home, school, college, shops and
leisure;
= travelling by cleaner and greener; and
= ashift away from the private car to greater use of active travel (walking and cycling) and
public transport (e.g. bus, rail, tram).

All elements of sustainable mobility (public transport, cycling, walking) are being considered in the
policy review. Each background paper includes a number of questions to generate ideas about
the extent to which the present approach to sustainable mobility is working well, the areas which
are not, and future priorities.

This paper consists of a qualitative and quantitative appraisal of a range of alternative fuel options
available for Ireland’s Public Service Obligation (PSO) urban bus fleet. The questions below are
included as a guide. Participants in the public consultation are not confined to answering the
suggested questions and are invited to offer any other contribution they wish to make. It is
recommended that submissions are confined to circa 2,500 words or less.

51 What challenges and issues need to be considered in relation to transitioning the
PSO urban bus fleet to alternative fuels and technologies?

5.2 Based on the additional investment costs associated with alternatively fuelled
vehicles and their associated infrastructure, should bus fare structures be modified?

53 Are there international best practice examples around the use of alternative fuels in
urban bus fleets that could be applied in an Irish context?




1 Overview

1.1 Structure of the paper

Section 2:

Section 3:

Section 4:

Section 5:

Section 6:

Introduction provides a background of Ireland’s requirements to meet European
targets for greenhouse gas emissions. These targets represent a significant challenge
for the transport sector. The Section describes the public transport emissions profile
in Ireland. It also looks at the European and National policies which aim to encourage
the transition towards a lower emitting transport sector.

Profile of the urban bus fleet describes the Dublin Bus, Bus Eireann and Go-Ahead
bus fleets that are currently in operation in Dublin, Cork, Galway, Limerick and
Waterford. It describes the fleet size, Euro Class profile and renewal rates of the
buses in operation. The Section also gives information on the passenger numbers and
passenger flow of the services.

Assessment of alternative fuels and technologies includes an evaluation of low-
emitting fuels and technologies across a number of criteria including carbon dioxide
(CO,) emissions, air quality emissions, infrastructural requirements, fuel supply
limitations, costs and their ability to contribute to targets. The alternative
fuels/technologies that are evaluated are: full electrification, diesel-electric hybrid,
compressed natural gas, biogas/biomethane, biodiesel, bioethanol, hydrotreated
vegetable oil and hydrogen.

Economic evaluation describes the analysis that was conducted to assess the costs
and benefits associated with the introduction of alternative fuels/technologies into
the bus network. The analysis comprises two components, a qualitative comparison
of the different fuel types under a number of criteria and a modeled quantitative
examination of these fuels to compare their phased introduction into an existing
fleet. The quantitative analysis includes a calculation of Well-to-Wheel vs. tailpipe
emissions analysis as well as the EU standard vehicle emissions calculator COPERT
(Calculation of Air Pollutant Emissions from Road Transport).

Most appropriate fuelling options for different locations considers the suitability of
the alternative fuels/technologies for both present and future passengers as well as
the capacity to maintain a degree of flexibility for route alterations or expansions.
The Section also looks at the effect of congestion and the effect of driving style on
alternative fuels and technologies. Although this paper is focused on transitioning
the urban bus fleet, a short discussion is provided on location specific considerations
for transitioning town service fleets.



1.2 Purpose of background paper

The Public Service Obligation (PSO) bus fleet forms the backbone of Irish public transport
provision with over 178 million passenger journeys in 2018 on bus services alone. Continued
investment in public and sustainable transport networks has supported an increase of over 58
million journeys on subsidised public transport compared to 2013. This expansion of public
transport has helped mitigate against transport emissions in Ireland.

Under the National Development Plan 2018-2027° (NDP) and the all-of-Government Climate
Action Plan® (2019), Ireland has committed to transition to low emission buses, including electric
buses, for the urban public bus fleet and to cease purchasing diesel-only buses from July 2019.
This commitment, which has now come into effect, will help reduce CO, emissions from the
transport sector, as well as potentially contributing towards renewable energy ambitions and
improving air quality (AQ). Furthermore, a transition towards alternative fuels and technologies, in
this way by the State sector demonstrates a strong leadership role and normalises the use of non-
conventional fuels to broader society.

The purpose of this paper is to set out a qualitative and quantitative evaluation of a range of
alternative fuel and technology options for replacing diesel-only buses in the national fleet. This
information will help inform purchasing decisions and fleet renewal strategies in the medium term
to meet the NDP commitment. The following alternative fuels/technologies are considered:

= full electrification;

= diesel-electric hybrid,;

= compressed natural gas;

=  biomethane;

=  biodiesel;

= bioethanol;

=  hydrotreated vegetable oil; and
=  hydrogen.

The alternatives are compared across a number of criteria, namely: CO, emissions, AQ emissions
(particularly Nitrogen Oxide [NO,] and particulate matter), infrastructural requirements, fuel
supply limitations, vehicle and infrastructure costs, and contribution towards renewable energy
and clean procurement targets. An initial review of the appropriateness of different alternatives in
different locations, as well as the impact of congestion, is also undertaken. The analysis
presented in this paper solely addresses Tank-to-Wheel (TTW) or tailpipe emissions which are
emissions generated during fuel or power consumption.

1.3 Data sources

The European Union (EU) standard vehicle emissions calculator COPERT is employed to assess
CO, and AQ emissions; due to an acknowledged error in the software, modelled emissions from
Compressed Natural Gas (CNG) buses are not included in this paper. Comprehensive comparative
analysis is therefore constrained; nevertheless, use of additional complementary data sources
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yields indicative results. In addition, the Department of Transport, Tourism and Sport (DTTAS)
oversaw a low emission bus trial, monitoring real world driving emissions and fuel economies from
a number of alternative fuels/technologies. This data will act as a meaningful comparator to the
modelled results and also will help inform future purchasing decisions.

1.4 Scope of paper
A variety of PSO bus and coach services operate throughout Ireland, namely:

= Bus Services: Urban bus services in the Greater Dublin Area (GDA) and the cities of Cork,
Limerick, Galway and Waterford, as well as several regional towns;

= Coach Services: Commuter carriage services from the GDA and the regional cities; and

= Coach Services: Stage carriage services linking communities in primarily rural areas.

This paper focuses on PSO fleets associated with the provision of urban bus services in Dublin,
Cork, Galway, Limerick and Waterford. This is consistent with the urban focus outlined in

National Strategic Outcome 4 (Sustainable Mobility) of the NDP. It also reflects the scope of the
BusConnects Programme,

The current provision and potential future expansion of regional town bus services (serving the
towns of Drogheda, Dundalk, Navan, Balbriggan, Athlone and Sligo, with new services envisioned
for Carlow, Kilkenny and Mullingar) is considered in the NDP, subject to operational funding
support, under National Strategic Outcome 3 (Strengthened Rural Economies and Communities).
While the findings of this paper will help further inform future purchase choices for town
services, full analysis of fleet profiles and most appropriate fuelling options for these services is
beyond the scope of this paper. Equally, commuter and stage carriage services are excluded from
this paper due to the marked differences in technology availability and variety in journey routes
undertaken between coaches and buses. Alternative modes of public transport not currently in
operation in Ireland, such as trolley buses and bus rapid transit (BRT) systems, are likewise
excluded.

Acknowledging that transitioning the heavy rail system towards lower-emission alternatives will
also contribute carbon savings from the transport sector, it was determined that rail transport
would not be examined in this paper. A significantly larger share of passenger numbers and a
greater proportion of public transport’s carbon emission profile are associated with urban bus
services and the focus was limited to the PSO bus fleet accordingly. This does not preclude or
undermine the importance of transitioning towards decarbonisation in all public transport modes.



2 Introduction
2.1 Decarbonising public transport

The Paris Agreement” sets out a global action plan to address climate change by limiting global
warming to below 2°C. Ireland, as a Member State of the EU, is a signatory to this agreement. The
EU has set Member States binding greenhouse gas (GHG) emission reduction targets to limit the
global warming potential across Europe. Ireland is required to deliver a 20% reduction (relative to
2005 levels) in greenhouse gas emissions in the non-Emissions Trading Scheme (ETS)i by 2020.
Post 2020, Ireland will have legally binding non-ETS emissions reduction targets for each year
until 2030 by when national non-ETS emissions should be 30% below their level in 2005. The
30% reduction target is higher than the EU average reduction target of 23%.

These targets are national rather than sectoral in nature; however, as the second-largest
contributor of non-ETS emissions after agriculture”, the transport sector has a critical role to play
in reducing national emission levels.

Moving to a low carbon society represents a significant challenge for the transport sector where
the use of fossil fuels and individual travel patterns are firmly established. Decoupling growing
transport demand, and subsequent emissions, from economic growth is difficult; in fact, the most
recent projections indicate that without additional policy intervention transport sector emissions
are likely to increase by 11% over the period 2018-2030°.

A successful measure which has mitigated against growing transport emissions has been Ireland’s
continued investment in public and sustainable transport networks, leading to an increase of over
58 million journeys on subsidised public transport compared to 2013’. In 2018 alone, public
transport, walking and cycling accounted for approximately 70% of all journeys into Dublin at
peak morning times, a significant increase from 59% of journeys in 2010 (based on Canal Cordon®
findings). Bus services carry the majority of public transport passengers and continue to
demonstrate annual increases in passenger numbers. In 2018, the three largest PSO bus operators
Dublin Bus, Bus Eireann and Go-Ahead Ireland carried 140 million, 35 million and 1.4 million
passengers respectively. Therefore, transitioning to greener, more-efficient buses has the
potential to reduce transport emissions from a growing cohort of public transport passengers.

Encouraging people away from single occupancy private cars towards all forms of public
transport, including light and heavy rail, also contributes to decarbonising the transport sector.
The NDP sets out a commitment to deliver priority public transport programmes including
BusConnects, Luas Green Line Capacity Enhancement, DART Expansion Programme and
MetroLink. These investments will progressively reduce the emission profile of public transport
systems over the longer-term; in the short term, on-going bus fleet renewal represents an
immediate and cost-effective mechanism to secure emission savings in the public fleet.

" Non-ETS emissions arise from sectors outside the Emissions Trading Scheme and include agriculture,
transport, residential, commercial, waste and non-energy intensive industries.



2.2 Public transport emissions profile
221 CO,emissions

Carbon dioxide (CO,) is a greenhouse gas that can have a damaging effect on the climate. From
the most recent (2017) emission inventory by the Sustainable Energy Authority of Ireland (SEAI),
it is estimated that just 3.4% of all transport-derived CO, comes from bus and coach fleets (Figure
2.1). This category also includes other public passenger services such as small service public
sector vehicles (SPSVs - taxi/hackney/limousines). Therefore, converting these fleets to low-
carbon alternatives can only have a limited mitigation impact on national CO, emissions, however
it will undoubtedly begin to promote and normalise the use of non-conventional fuels and
technologies.
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2.2.2  Air pollutant emissions

Certain transport emissions can also have an adverse impact on local air quality. Air quality is an
issue of increasing social concern with a number of pollutants being linked to a range of medical
conditions including strokes, cancer, lung and cardiovascular diseases. In 2014, it is estimated that
across Europe more than 400,000 premature deaths can be attributed to exposure to particulate
matter (PM) with a further 70,000 deaths due to nitrogen dioxide (NO,); in Ireland approximately
1,600 premature deaths have been attributed to fine PM and other air pollutant exposure’.
Furthermore, it is estimated that in Ireland, air pollution is responsible for health-related costs of
over €2 billion per year including the loss of 382,000 workdays per year™®.
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