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PREFACE TOCSCRHPOR® THE FUDNURBEGOGONWE' BUS FLEE

In the interests of transparency, this preface summarises a helpful exchange beGreater Wellington
(Andrew Cooper, Programme Director, Bus Services Transformation) and the authors (Lucia Sobiecki & Assoc
Prof Ralph Chapman) 6fK S CdziidzNBE 2 F 2 §t it hyIa2pQat. gza Cft SSi

Events following the report being sent to the Sustainable Transport Ctieentf GWRC were:

T 11 May: presentation by the report’s authors to Si
1 17 May: Andrew Cooper (GWRC) provides letter with comment on the report

1 19-24 May: Concurrence reached on comments below, of GWRGalmdcki & Champan.
Key points raised by GWR@nd{ 26 A SO1 A YR [/ Kareasfolibusda NBaLRy aSa

1. The report’s first scenario (the “do nothing’ scel
Scenario 1isincluded asago2 0 KAy 3 2 NJ W6 dzi royopidvide 4 baselitrd atrinstQ 4 OSy |
which other scenarios may be assessed. Our report notes that although this scenario was provided by
GWRC, thisigotD2 w/ Q& LINB&aSydGfe LINBFSNNBR aO0OSyl NA?2

2. The report should acknowledge that trialling electric buses #ithintention of adopting them is in fact
GW’ s s tThisastaekgowledged in Section 4.1 of the report, and by Scenario 2 (which is based on
D2w/ Qa &GN} G$S380 gKAOK akKz2ga | GNI¥yarAdazy G2 |+ Fd
environmental/health outcomes of different transition options to a fully electric bus fleet. Scenario 2
is compared to Scenarios 3 & 4 which involve more hybrids in the transition to fully electric. The latter
involve higher costs but better environmental/health outcomes.

3. The report should acknowledge the biggest savings yr€ddictions come from getting people out of
cars, which requires efficient public transpokVe endorse this, but believe the further gains from
greater use of lowcarbon bus technologies shouldhbe overlooked.

4, Buses are responsible for only ~1% of the region’ c
GHGs! ANBSR> odzi Of AYF(GS OKIFIy3aS A& Fy dzNBSyd YI GdGdSNT
where policy decisions can havevierage: GWRC cannot persuade individual car users to cut
emissions. Its focus should be where it has the most clout.

5. The report acknowledges that costs matter, but does not demonstrate or place into context the
economics of the scenariofi dzNJ NI Liiddelivbilk retdgaising cost factors, was to make
transparent the environmental and health dimensions of the bus upgrade options.

6. Wrightspeed, though exciting, is not a proven technology in bugés.agree and have already noted
this in our report we are working with performance claims that are as yet unproven, so there is an
element of uncertainty in the profiles for Scenario 4.

7. The report refers to exemplar cities that are bigger, more polluted and have national policies / external
funding to backteir ambition.Wellington is small, but, as with many other cities, parts of the city
centre are vulnerable to air pollution from diesel engines. Central government funding to help
improve air quality and cut carbon emissions is warranted.

! n shortened form except where quoted.



8. GW notes thathat the statement (foot p.19) of the report is in fact where GW siescognising both
environmental, health and liveability goalad cost constraints.Yes, the question is the weight put on
cost vs other factors, in choosing among bus fleet options.

9. WBW will be explicitly valuing the emissions profile (both greenhouse gases and harmful pollutants) of
each fleet tendered in its forthcoming RFT for bus services. This will directly incentivise a lower
emissions fleet and contribute to the selectionpf ef erred tenderers. This is
has not been ackn dNeweangteawareithat GWR&hagpalpiatyrannounced
this. We are delighted that this is the case.

100 Wel | i ngton’s weak road pavements constrain depl oyt
significantly lighter. Replacing Euro 3 and 4 diesels with battery electrics from 2020 would constrain bus
sizes and raise costé/e recognise this issue but apptimistic that an option may emerge that
optimises within the weight, performance and cost constraints.

11. Al'l gains after the 2018 repl acemeWeaagreefoutol d di esel
underline the need to set out explicitlytheopt2 Yy 4 Q SY PANRY YSyYy Gl f Kk KSFHf GK STF

12. The report works off limited data on emissions of high capacity buses: GW can assist @fettisnot
KI S GKS NB&az2dNDSa (2 FdzNIKSNI SEGSYR (GKS NBLRZNIQa
publish data onthe emissions impacts of using high capacity buses.

13. The report relies (in places) on data from the published PwC report but more up to date data are now
available e.g. COPERT data on bus emissiarsreport worked off the most recent data available
from GWRC in January 2016. We would encourage GWRC to rapidly publish updates on bus emissions
(including fleet implications) so that public understanding of environmental and health effects can be
as informed as possible.

26 May 2016
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SUMMARY

The Greater Wellington Regional Council (GWRC) sets the direction for public transport in the Wellington region. The
GWRC aims to increase pigltransport patronage in Wellington through a number of improvements to the

network, including introducing a new bus network and Bus Rapid Transit in Wellington city, and upgrading

Wel | i ngt o nThesGWR@ contricts dues bperators to thimbus rvices in the Wellington region dts

behalf. The GWRCaks not own the busesand thereforeits role is toset expectations and conditions for the bus

fleet, and‘compensatébus operators for their capital investmerithe type of bus used to upgrade Wé i ngt on’ s b
fleet will influence Wellington's GHG emissions, air ¢
to take into account when considering the desirability
GWRC’ s strategy for upgrading Wellington’s bus fleet s

commitment © mitigating climate change and its concern for public healtid it should, among other thingse
consistentwitt he GWRC’ s &« | d aonmammiet méhratn gt o ‘ act rdaswallitsardasofe GHG en
i nf |l (GWRE,L015a)

This reportfirst provides a brief picture of the bus fleet strategies that have bestopted by a range of leading
internationalcities, whichare already trialling or adopting clean bus technologies. These cities are implementing
ambitious plans to clean up their bdleets in response to increasingly stringent GHG emissiorctieduand air
quality targets. V&Il ahead of Wellington, some of these cite® already trialling battery electric buses and
operating sizeable hybrid bus fleets. Wellington can learn frioes¢ cities if it wants to be @nternationally

competitive, progressive and sustainable city.

This report goes on to discuagange of bus technologies that could be used in Wellingtbis includes modern

diesel buses, biofuel buses, hybrid technaésg hydrogen fuel cell buses, trolley buses and battery electric buses.

There is a strong casem a health and environmental perspectjfer Wellington toaim to have a fully electric bus

fleet in the future. Thi s wspimprode air quality, ceducemeipelluiiongndon’ s GH

positively influencée he | i veability of the city and the health and

This report compares h e GWR C’' s reglacemers strategypwitla number of other upgrade opdins,
including a scenario incorpating Wrightspeed hybrid technology.h e  Gs\MRré€ht strategy is not ambitious. It
is particularly concerning that the GWR@r on replacinghe oldest diesel buses artle trolley buses in the fleet

with modern diesébuses with the exception of 10 hybrid dieselectric busesThe GWRC has not given an explicit

datef or We |l | i n gbeilngfully glectiay Bhis €olle reetin that it is a long time before significant emission
reductions are made, adversely affec ng Wel | i ngt on’ s raitigatibnitarggts andir quadtyein i t s ¢
the city.

The GWRC could have afarmoreamhito st r at egy . plindo replséR &l'ofgshe eldest didased buses

and trolley buses with hybrid buses would be a considerable improvement on their current strategy. They could also

be trialling battery &ctric buses with the intention aidoptingthem as soon as possibld&he GWRC' s str at e
needs to be not only economical but also give proper c

public health, the environment,andle | | i ngt on’ s | iveability and i mage as a






1. INTRODUCTION

Climate change isnequivocallybeing driven by human activitieshe Intergovernmental Panel on Climate
ChanggIPCChas stated that thé continued enission of greenhouse gasedl cause further warming and long
lasting changes in all components of the climate system, increasing the likelihood of severe, pervasive and
irreversible i mpact s(IPCG,R2014aepo5dheaeduction of graemheugesgasq Giiss)
emissions is vital for mitigating the impacts of climate chahy@01Q transport was resporible for
approximately 23 percent of total energglated global carbon dioxide (g@missiongIPCC, 2014bThe

transport sector is therefore a key area of focusdbmate mitigation.

Transport is also a major source of air pollution in urban centres. Air pollution is a significantibsadtin

many cities around the world. It increases the risk of stroke, heart disease, lung cancer, and both chronic and
acute respiratory diseas€®Vorld Health Organization, 2014he World Health Orgamiion (WHO) has

estimated that outdoor air pollution caused 3.7 million premature deaths worldwide in poA2ld Health
Organization, 2014 here is growing evidence that air pollution contributes to an even more diverse set of
diseases. For example recent study byargols et al. hashown thatprenatal eyosure to air pollution can

lead to behavioural problems in childréMargolis et al., 2016 Reducing local harmful emissions from the

transport sector is vital for improving air quality and public health.

Encouragingeople to leave their cars at home in favour ofitakpublic transport is a significant way of

lowering GHG emissiomsd reducing air pollutionThese benefits can be both direct and indirect, as public
transport quality can influence urban development patte(Bsiley, Mokhtarian, & Little, 2008; Litman, 2011)

To encourage more people to use theaguires public transport systems te kefficient. An efficient public
transport system can not only reduce transport emissions and improve air qualityabaiso alleviate traffic
congestion, decrease the number of road accidents, reduce energy consumption and dependence on oil, and
reducenoise pollution. Further, cities can also make themselves more desirable, resilient and internationally

competitive as places to live and work by providing an efficient public transport network.

While public transport is less carbdmtensive than car treel, it can also be a significant source of GHG
emissions and air pollution. Tmeaj or ity of the world’ s bus fleets st
contribute a considerable amount to GHG emissions. These buses are also a significarmfsaivalution,
particularly in urban centres where they operate in higher concentrations. City authorities have the power to
reduce GHG emissions and improve air dquaklirough incorporatindow and zeraemission buses to city

fleets. The adoption ofnnovative technologies such as hybrid, electric and hydrogen fuel cell buses shows a
clear commitment to mitigating climate change and improving public health. The number of citiexdaiee

world investing irclean bus technologies is growing, withdég cities already trialling and adopting low and

zero emission buses.

Transport is a major source GHGemissions and air pollution in Wellingtohhe transport sector contributed
approxmat el y 37 per cen tstotlfgros#/enissions fgie 2012/20128 fopanciah yedGWRC,
2015a) It is therefore vital that Wellington focuses on reducing transgonissions in order to mitigate climate

change. While air quality is generally good in Wellington, research indicates that air quality stameards



violated in wind sheltered areax the city which have high traffic densities and steep road gradigstsner,
Randal, & Howde€hapman, 2013) As mor e and more people come to |live
becomes increasingly vital for both health reasons and for quality oBlfeéeducing local harmful emissions

from the transport sector, Wellingtocouldimprove air quaty, public health, and city liveability.

TheGreater Wellington Regional Council (GWRC) sets the direction for public transport in the Wellington region

and ams to create an efficient and reliable system that is both financially and environmentalgiralse. The

GWRC is planning to incregsablic transport patronage through a number of improvements We l | i ngt on’ s
public transport network. This includegtioducinga new bus network and Bus Rapid Transit in Wellington city,

and upgradi ng WEGWRC,r2@ldbphe GWRChcontacts Bue opdrators to run the bus services

in the Wellington region on itbehalf. Therefore, the GWRC sets conditions for the bus fleet that bus operators
providkeThe main health and environment al benefits of Well
shifting people out of cars and onto publiansport. However, hetype ofbusu s ed t o upgrade Wel I i
fleet willaffectWe | | i ngt on’ s GHG e mpadicularty maseasatimiiaveaaihigh cpnednttation i o n

of buses

The type of bus will also affenbise levels in the cityyhich is important when considering the desirability of the

urban centre as a place to live andwofkh e GWRC’' s strategy for upgrading We|
i mportant message r egar toisustginabililyeclinmte changaitipation anc lsmmi t me n't
concern for the health and wafectsWel Inigng@tfoWed |i magenansd

¢

considered grogressive and sustainablecitp p | ac e where talent wants to |iwv

Paul Catlghan.

This report will first provide a brief picture tife bus fleet strategies that have been adopteditigrnational

cities that are leading the clean bus revolution, and what Wellington can draw from their examipteis

followed by a brief anabis of a range of bus technologies that could potentially be adopted in Wellington.
Finally, this report evaluates the GWRC’'s current bus

options, and offers some recommendations.

The purpose of tis report is to provide the GWRAd interested members of the publidth an analysis that
adds to the information already availabléaims to assist the GWRE&form a strategy for upgrading

Wel l ington’s bus f | e eutalsolealthy andsenvinoomentallynsusyainable.o n o mi c a |



2. THE NTERNATIONAL PICTURE

2.1. INTRODUCTION

The majority of bus fleets ithe world operate using diesel as it is consideadtbrdableand reliable However,
rapidly increasing knowledge abatlte health and environmental impact dfeselbus emissions is leading to
more and morecities investing irclear bus technologie$ In Eurge 10 cities are trialling electrims
technologies as part of the Zero Emission Urbas Bystem (ZeEUS) programmihisorogramme, which was
launched by the European Comuin in 2013, aims to test electitiwis technologies and facilitate their market
uptake in Europ€ZeEUS, 201). Twentysixcities around the world have signed the C40 Clean®Bagdaration
whichcommits them to collectively roll out over 45,000 uH@w emission buses by 2020. These citiesfofinlg
Cape Town, Buenos Aires, London, San Francisco and fpoesent over 165 million urban dwellers across 20
countries. The C40 Clean Bus Declaration aims to give bus manufacturers clear signals about the market
potential for low and zero emission bus technologies. It calls on bus manufacturers to suppanbitions to
decarbonise public transport by providing sustainable and cost effective bus of@d@sCities Climate
Leadership Group, 2013} is clear that cleabus technologies are being increasingly taken upitiess seek to
reduce their emisions and improve air qualitfhe following cities are examples of world leaders whieomes

to the adoption of clean bus technologies. These cities have been selected based on their high level of ambition

and the availability of information regarding their bus strategies.

2.2.CITIES LEADING THEEEN BUS REVOLUTION

LONDON

London haset a target to reduce its G@missions by 60 percent of 1990 levels by 2(M&yor of London,

2015) Transport accounts for21pec e nt o f ,lemigsiched Buses an@ c@aches make up 6 percent of
London’ s teamissiongl@amsport iGrQondon, 2014)ransport is the main contributor to air

pollution in the city(Mayor of London, 2010Nearly 9,500 people die prematurely in London each year due to
air pollution(Walton et al. 2015) Londonbreached theEuropean Uniorannuallegal limits for nitrogen ibxide
(NQ) just one week into 201@v/aughan, 2016)Transport for London (TfL) manages the approximately 8,500
buses that operate in the city. TfL have retrofitted many of the buses within the fleet with témimo reduce
harmful emissionsand have accelerated the ralut of Euro VI buses, retiring the oldest, most polluting buses in
the fleet(Transport fo London, 2014)The fleet includes 1,300 hybritiesetelectricbuses which is set to
increase to 1,700 by the end of 20Tkhese hybrid bses have facedomeoperational issues, in particular the
new Routemastestyle hybrid buseswhichhave been criticisef operating mostly on diesel due to battery
malfunctions(Booth, 2015; Edwards, 2013)L is &o trialling the use of biodiesel on some routes, and piloting
hydrogen fuel cell buseandsingle and doublelecker electric battry buses. There are projecténbe 70 all
electric buses operating in the fleet by the end of 2@Ifnsport for London, 2014)fL have std that by

2+ Clean refers to bus t e c-lomanissiogs. Ehis indutea hybrig bus tdchrnolegies, fully a n d
electric buses, and buses that operate using biof(@#0 Cities Climate Leadership Group, 2015)

ul



2020 all 300 singtdecker buses operating in central London will be zero emission (either electycoygen)

and all3,000 doubledecker buses will be hybri@ransport for London, 2014Jhese measures are expected to

significantly reduce the tapipe emissionsofdndon’ s bus fl eet.

PARIS

Paris has set a target teduce its GH@missions by 30 percent of 2004 levels by 2020, and by 75 percent by
2050(Council of Paris, 2012)ransport is a mjor source of GHG emissions and air pollutioRamis(Council of
Paris, 2012)The public transport operator for the Paris region is the Régie Autonome des Transports Parisiens
(RAP). The RATP operate 4,500 buses in the Paris r&jigrercent of which are currently diesel buses. The
RATP is aiming for its entire fleet of busebe powered by electricity anbiogas by 2025. This bus fleet will be
made up of aproximately 80 percet battery electricbuses and 20 percent biogas bugBATP, 2014Yhe RATP
will purchase 550 hybrid buses by r#16 as a transition step to a fully electric and biogas fleet. They are also
currently undertaking elecic bus trials and preparing theius depots for electric bus¢RATP, 2014Yhe RATP

is planning for a majadeployment of electric and biogas buses betme2017 and 2025. This strategy is
expected toreducethe R A T P’ an footprint by 50 percent, and significantly reduce air pollution in the city
(RATP, 2014)

COPENHAGEN

Copenhagen aimt® be the first carbon neutral capital city in the world by 2qZ%e City of Copenhagen, 2012)
Transportis responsiblef&@ 2 per cent o f ,emigsonscTihd city operatesoappaokima@iD

buses, most of which are currently diesebpenhagen is planning on making its public transport network carbon

neutral by 2025The City of Copdragen, 2012)In order to meet this goal Copenhagen is introducing new

biogas buses on the city’s busiest bus route. The cit
2017(Marsh, 2015 The city islso investigting different battery electribus technologies, and @irrently

undertakingtwo separate battery electribus trials to establish the most appropriate technology for the city

(Rychla, 2015)

STOCKHOLM

Stockholm s climate target i s t o (StoekhancSad, GHZhee mi ssi ons
transport sector is responsible for aroud@® percemt o f GHGemissiohsy Buses accountdiaund two

percent of transpar GHGemissiongStockholm Stad, 2012)5tockholm operates just over 2000 buses on its

network, many of which are powered by ethanol and biogas. The @iynisig to have 75 percent of all the

buses in its fleet powered by renewable fuels by the end of 2016, and 90 percent by 2020. Stockholm wants the

entire bus fleet to be free from fossil fuels by 20@ockholm Stad, 2012)Vhile the city is focusing on

converting more ofts buses to renewable fueld,is also currently trialling eightybrid electric buses with quick

charging stationgVattenfall, 2014)



VANCOUVER

Vancouver is aiming to be ord the greenest cities in the worlity of Vancouver, 20154} wants to derive

100 percent of the energy used in the city from renewable sources by 2050, and it is timéigce GHG

emissions by 80 percent below 2007 levels by 2@ty of Vancouver, 2015dRoad transport accounts for
approximately 37 per centiong(City&f damcowver,\2@lbbyancodver oparatesGHG e mi
approximately 1500 buses, 262 of which are electric trolley buses and 205-eieskic hybrid buses.

Vancouver has operated trolley buses for60ryea and t hey continue to play a cel
transit network. It is the second largest and most modern trolagfleet in North America, with the overhead

wires spanning 315 km through Vancouy€ranslink, 2016)Vancouver plans on expanding the trolley bus

network and converting the remaind@ion-electric bus routes to other renewable fuel sources. This will not only

reduce carbon emissions but will significantly improve local air qu&ity of Vancouver, 2015b)

SAN FRANCISCO

SanFransic 0’ s c | i mitigdtientargdt ia to geduce emissions by 25 percent below 1990 levels by 2017,

40 percent by 2025, and 80 percent by 2¢5@an Francisco Department of the Environment, 20I8nsport
accountsfomppr oxi mately 43 percent (%ahFr&aisto Depadanmestbfshe o’ s GHG
Environment, 2013)San Francisco is aiming to have a GHG emission free bus fleet bisaaZarancisco

Municipal Transportation, 2013%an Francisco epates the largest trolley bus fleet in North America, with over

300 trolley buses in service, including articulated models. The city is investing in new trolley buses to replace

older models. San Francisco has also converted 100 percent of its 150thdissgko run on biodiesel, which is
sourced from the city’s waste cooking otelectricOusems ci ty i
a transition step taa fully electric flee(San Francisco Department of the Environment, 2018 city currently

operates approximately 170 hybrid biodiesdéctric buse¢San Francisco Municipal Transportation, 2015)

2.3. CONCLUSION

Many cties around the world are implementirggmbitious plans to clean up their bus fleets in response to
increasingly stringent GHG emission reduction and air qualiyets. The cities discussed above are all world

leaders but they are certainly not alone in their efforts to decarbonise their publicp@m systems. It is clear

that cities thatare committedto cleaning up their bus fleetsre ateady trialling or adpting clean bus

technologies, and have plans in placdugher adopt theseechnologies as soon as possibléese cities are

drivingthe development of clean bus technologies, helping to lower their prices and improve their reliability.

The cities discussed above offer a useful model for Wellington. Theyraselyahead of Wellington, with for

example London and San Francisco already operating sizeable hybrid bus fleets. Their goals are more ambitious,
often reflecting more ambitious ate or nationalgoals.These cities have explicit strategesdthey are

undertakingclean budrials with the intention of fulfilling these strategies.



Learning opportunities for Wellington arise in particular frdme following:

1 San Franciscealready convertedits entire diesel fleet of 1500 buses to biodiesel; already operates 170
hybrid biodieseklectric buses; aims for its entire bus fleette GHG emission free by 2020

1 Stockholm-aimsfor 75 percent of its buses toperate on renewable fuels ly the end of 2016

1 London-already operates 1,3Dhybrid dieseklectric busesthat is set to increase to 1,708y the end
of 2018 aims to have 300 zero emission buses in the fleet by 2020

1 Paris—aimsto include 550 hybrid bses into its fleet by mi@016; planninga major deployment of

electric and biogas buses by Z)2

While every city has particular issues and goads|lington carearn from these cities if it wants to be an
internationally competitive, progressive and sustable city.In particular Wellington carconsider howits level

of ambition in respecto the adoption of clean bus technolpgompares to thesevorld-leadingcities.



3. BUS TECHNOLOGY OPTSB6QAR UPGRADING WEIGINON" S BUS FLEE

3.1.INTRODUCTION

TheGWRC sets the direction for public transport in Wellingfme main benefits of public transport come from
encouraging more people to leave their cars at home and take public tranggetGWRC is planning to

increase public transport patronage througmau mber of | mprovements to Wellingt
network. This includes introducing a new bus network and Bus Rapid T{R3ijn Wellington city, and

upgradi ng Wel I(GWRLt2014bTse GWRG had been eonsidering its replacement strategy for

both trolley buses andsfleatiaemhyecas e ;mfastiuagiure\@Wssdciatedrwght on’ s b

operating Wellington’' s ¢smernitiftleyareitabs mantaineslqsparroes f urt her

)

Wel lington’s bus fleet. Many of the diesel buses in t
years(GWRC, 2014bAt time of writing, he GWRG set to release tenderfor new bus operating contracts for
the Wellington region in mi2016(GWRC, 2016c)here isa range of bus technologgs that could be used to

progressively improv&Vve | | i ngt on’ s existing bus fleet.

The following discussion provides a biiedication of the different factorghat need to be takennto account in

relatont o t he sGWR€Cegy for upgrading Wellington’s bus f1l ect
transport strategies infl uence rthdrensmgationosach asfcast, Wel | i n
environmental and health impacts, and noise pollutidithough these ar¢he main factors to be takeimto

account, it is not an exhaustive list of issues associated with the different bus optiaaseport will then

presenta brief analysis of a range of bus technologies timatld potentially be used toupgradde | | i ngt on’ s
current bus fleet. This includesodern diesel buses, biofuel buses, hybrid technoladigdrogen fuel cell

buses, trolley buses and battery etdc buses.

32Z2WELLI NGWIOERPSGBLICTRANSPORT STRATEGIES

The GWRC has a numbemaéler public transport plans that influencethe pt i ons f or upgrading \
bus fleet.In particular, the Wellington Regional Public Transport Plad ZBIPlan) includes twainitiatives that

directyaf f ect Wel | i mhgft oat si b u &WRdnen a giniplartus hedtwoik Wellington

city,andthes econd i s t he c¢ o uBR®nthe Veellingtbnacity publec transportrsgf@WRG

2014b) The new bus network will have more frequent services than the current network, and will be available to

more people. It will havéess service duplicatigmwith fewer busesperatingon the Golden Mile. BRShould

enable faster journey times through the Golden Mile and to the southern and eastern sul@aWRC, 2014b)

These changes to theetwork directlyaffectt he f ut ure of Wel l ington’'s bus fl ee

WELLI NGTON’' NENEOWRK BUS

The GWRC reviewed Wellington city’'s present bus net wo
inefficient. Many services were duplicated and undmroversupplied in some areas. The GWRC has developed

a new more simplifiechetwork that will result in 75 percerdf Wellington city residents being within 1 km of a

high frequency bus route, compared to 45 percentrrently. The GWRC plans on introducing thevigus



network in Wellington city by January 200@WRC, 2014blror the purpose of thieeport, it is assumed that the

new network willindeedbe more efficient than the current netwrk, and will encourage more people to use

public transport. I't is therefore critical tThat Wel |l i
point is of particular concern when conw®oidtedentheng Wel | i

current network whichdo not all align witlthe new design.

BUS RAPIDRIANSIT

In 2012 the GWR@®@Vellington City Council and the New Zealand Transport Agency (B@TAjissioned the

Public Transport Spine Study (Spine Study) with the aimtalbleshing the best option for a highuality public
transport spine through Wellington city. The Spine Study compared Bus Priority, Bus Rapid Transit and Light Rail
and found that Bus Rapid Transit (BRT) offered the higtetdienefits. The Regional Trsport Committee

decided after public consultation to adopt BRT as the public transport strategy for central Wellington. There has
been significant debate about the Spine Study findiaugd the decision to addBRT. Mny public transport
advocates continuéo push for Light Rail and the GWRC has sddaidedthat while Light Rail is too expensive

for now it is still a possibility in the futur@orbes, 2015b)n the meantimethe actual BRT design is still being
determined. The route depends on improvements at the Basin Reserve, a duplicated Mt Victoria tunnel and the
widening of Wellington Road and &hine Stree{(GWRC, 2016blt is unclear when BRT is likely to be

implemented.

The ultimate objectivef BRT is to create a flexible, efficient, and exféective public transport system

Wel lington’s current bus services for the most part u
congestion.The speed of bus services is further redubgdhe time vehicles have to spend at bus stops for

passengers to board and pay the fare, and pull back into traffic. The Golden Mile in particular has become a

choke point for public transport in central WellingtddR Ttypically involves a combinatiorf dedicated bus

lanes, bus priority at intersections, higlapacity buses, and streamlined ticketing systems. The GWRC has stated
that BRT wil|l be ‘tai(GWRE2016ated | Wenlgltiomg tso m aa a rodv triocandss
difficult to implementa transformational, fully demarcated rapid transit system with dedicated buesldor the

whole length of the transport spinénstead, the GWRC have indicated that thei# be targeted bus lanes with

limited priority at some intersections. This has lecctmcern andlebate about whether the new systewill go

far enough orcan esen be called BRIDominion Post, 2015)

The main i mpact BRT lusaptioosns thetéhéckessitatgdheanirddsction af highr e b
capacity buses into the fleet. In order for the BRT system designed for Wellingtoreftebgve, it requires the
core spine routes to operate higbapacity busesuch as doublelecker or articulated buse3hiswould reduce

the number of vehicles in the central city, and on the Golden Mile in particular, enabling a fasterfrequent
service. The GWRC plangeplacemany ofthe trolley buses and older diesel buseghe fleet with high

capacity veltles. The requirement for higtapacity buses to operate on the core reatin Wellington has

implications for whichbus technolgiescouldbe used taupgrade the fleet.
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3.3. FURTHER CONSRAHEIONS

The opti ons {tore bushleet dre not grtlydimitedsby Wider transport strategjteut alsdy cost,

healthand environmental impactgnd noise pollution.

cog

The GWRC has to takadraccour the cost d each different bus tealblogy. The GWRC contracts services to

providers, such as NZ Bus, who directly bear the capital costs of bus purchagesraajinfrastructure. The

contracted services also cover operating cestsr maintenance, drivers and fuélhere are alsindirect

( ' e xn eosts whichthe councilneeds totake into account, and whichrre not easily quantifieduch as thee

associated witlihe health and environmental impact of emissions, and noise pollution. While this report will

provide a brief indication of the sts of each option, an idepth investigation into the costs is outside the scope
ofthisstudyl t i s worth noting that the costs associated wit
significantly depnding on whethecurrent buses in the fleet areonverted to clean temnology orreplaced with

new vehicles.

HEALTH ADNENVIRONMENTAL IMPACT

It is vitalto take into account the health and environmental implications of each bus technolbgymain

health and environmeral benefits of public transpotome flom encouragingpeople to leave their cars at

home in favour of taking public transporThis will reduce emissioas well agraffic congestion. In this regard,

it isimportant for Wellington to havan efficient bushetwork, regardless of which type of bus operates on that
network.Howevert he type of bus used t owillbagegannapdceonWell Il i mgtt om”’ s

level of GHG emissions and air pollution.

Reducing GHG emissions is vital for mitigating climate chaimg&Vellington City Council (WCIgsseta

’

climate mitigationtarget thatis likely tobe affectedby Wel | i ngt on’ s future bus fl eet
Wel |l i ngton city 0perc&HGm 200iilevetsiby2029, aldypy 88 percent by POBLC,

2013) The former target is likely to be relaxed as 30 petds now unattainable by 2020, but the 2050 target is

likely to be retainedThe GWRC has not set ar@te mitigation targetbut hasstated that it will act to reduce

GHG emissions across all its areas of influence, including its own ope(@MARC, 2015a)he GWRC is

currently developing an emission reduction target for its own operatibnswe understandhe bus fleet will

not come under that target. This is particularly concerning givenitipact the bus fleet will have on emissions

and Wel | iagegsacsustaisablé ciellington can reduce its GHG emission®tlgh incorporating low

and zeroemission buses into its bus fleet.

The type of buses used in Wellingt oB8dmsbubtechnolbgiee et wi | |
produce local harmful emissions, such as particulate ma@af), nitrogenoxides (NG), hydrocarbons (HC) and

carbon monoxide (CO). These air pollutants are a major health issue, incrieesiigk of stroke, heart disease,

lung cancer and both chronic andute respiratory disease@Vorld Health Organization, 2014)hrnerand

colleaguesave undertakemesearch thasuggests thatvhile air quality in Weington is generally goodhere

11



are problematic areas. Air quality simulations indicate that air quality standardstfogen dioxide NO,) are
violated in wind sheltered road sections or street canyamsich have high traffic ehsities and steep road
gradients(Uhrner et al., 2013)Uhrnerand colleagueargue thatbecausdrolley buses have a positive impact on
air quality, theyshould only be replaced with comparably low emissions vehicles. Furttesr suggest that in
order to improve air quality within central Wellington, existing diesel buses thaEarelV standard and below

should be replaced with better performing vehiclgshrner et al., 2013)

The strategy that th&WRC adoptorupgrad i ng Wel | i ngt on’' sanlmpatant hessage wi | | al
regarding the council’s commitment to climate change
of Wel | i n g twiliaffestWellingt ti ozne’ nss halpingtg eefinevhetherthe city is considered a

progressive and sustainable place to live and work.

NOISEPOLLUTION

The GWRC has to take into account the impact different bus technologies will have on noise pollution in
Wellington. Noise levels are gasured in decibels, which is based on a logarithmic scale. This means that a small
increase in the number of decibels can correspond to a large increase in total Bxjmesure to high levels of
noise can lead to hearing loss and a range of-aoditory health effects such as annoyance, sleep disturbance,
cardiovascular disease, and impairment of cognitive performance in chi{Besner et al., 2014Noise

pollution can also have aadverseeffect on amenity and property valu¢slunns, Varghese, & Adli, 2015)oise
pollution can be difficult to evaluate as it varies significantly in differenttiona. Buses caneba majorsource

of noise pollution, particularly in relatively dense urban areas where buses operate in higher concentrations
(Nunns et al., 2015Buses can thereforaffect public health, and have a consideraisigpacton amenity and
property valuesThey can also deter visitors to the city cenfflis may be an increasingigportant issueas

Wel | i ngt on’ s CBD Heotncbus techeotogids are significantly guieferythan diesel buses. The
GWRC can reduce noise pollutiamnd its impact on CBD resideitsough incorporating electric bus

technologies into its bs fleet.

3.4.BUS REPLACEMENT OMISO

In light of the above, a rage of different bus technology optionisbriefly set outbelowand summarised in
Table 1 (section 3.5), forupgradide | | i ngt on’ s HEachbuseprtis considered Witke spéctto

its ability to operatehe new bus network and BRT, cost, emissions profilejrmpéct on noisgollution.

DIESEL

Diesel buses are a provereliabletechnology that is already used extensively in Wellingidesel buses can be
used flexiblywithin the exstingroad network, and wilbe able to operate the new Wellington city bus network.
Highcapacitydieseldouble-decker or articulateduses are used extensivetyerseas, and could be used to

operatethe new BRT network.
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Dieselbuses cosbetween NZ$300,000 ar150,000 per vehicle depending on the model and cap#hitynns

et al., 2015; PwC, 2014his is significantly cheaper than other bus technolodiesvever, desel buses cost
more to maintain than other technologies due to the compéggine components of diesel engingawC, 2014)
Diesel is more expensive than other fuel sourcesl misedssues around energy security and oil price volatility
(Nunns et al., 2015Y he introduction of a carbon ta®r the strengthening of the existing emissions trading
schemeis likelyfollowing the Paris Agreemeiaind this willraise theeffectivecost of diesel significantly in the
future. Standard diesel busesill not require any nevinfrastructural investment to operate in Wellingt¢®wC,
2014) It is unclear whether highapacity doubledecker or articulated buses would require infrastructural
investment to operate on the core routes of the new network. In order for doulglekersto operatewith
flexibility on all of thenew network, significant investment woultikely be required for road strengthening and

tunnel enlargementgForbes, 2015a; Hunt, 2016)

Dieselbuses havédar greateradverseenvironmental and health impacts thanher cleaner bus technologies,

contributing to bothGHG emissions arar pollution Stricter European guidelines have meant that modern

diesel engines are considersynificantlyclearer than older engineddowever there has been increasing

concern on the part of health authorities such as the WHO about fine particulate emissions from diesel, and

even modern diesel buses cannot técknolagiestis hadeeno tailpipe c | ean’
emissions. The continued use of diesel buses in Wellington will adversely affect air quality in the city and

Wel | i ngtGHG emissibnd.hal GWRC’' s st r atbteangsionsddoes coveendote thannugt C O
emissions from théus fleet. However, bus emissions are a signifieaea thatthe GWRC can directly influence.
Acontinued use of diesel buses would sugghlst the GWRG@vas not takingts commitment to climatehange

mitigation seriouslyand couldnegatively affeciWe | | i n gt o n liveable,sostaigable @ity a

The noise level of modern diesel busebasveenapproximately 65 and 77 decibs] which is significantly

noisier than other bus technologies such as hybrid and electric {dsems et al., 2015; PwC, 2)1Diesel

buses are particularly noisy when accelerating, which is especially problematic in urban areas where buses are
frequently stopping and subsequently accelerat{fgvC, 2014)The continueduse of desel buses coulbave an
adverse effect on local amenity apdoperty values in Wellington, affecting an increasing number of residents as

the population of central Wellington grows.

BIOFUES

Biofuels are liquid or gaseous fuels that are produced frasmbiss—- matter derived fom plants or animals.
There isa range obiofuels thatcan be used to operateusesincluding biodiesel, biogas, ethanol and renewable
synthetic diese(RSD)These are all established reliable public transport fuels with thepiae of RSD which is

an emerging technologfDonovan, 2012)

Biodiesel is produced from nemineral oil sources, such as tallow and wastgetable oil and is usually blended
with mineral diesel. Lower blends such as-B%0 (5-20 percent biodiesel blended with mineral diesel) can be
used in most heavy duty diesel engines whereas B100 (100 percent biodiesel) requires specialised engines

(Donovan, 2012)Biogas is gas made from renewable resourceslandfill gasin order to operate using biogas
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buses requirespecialised enging®onovan, 2012)Fthanol is a pure alcohol made from iars biomass
sourcesEthanol sourced from a renewable feedstaslsometimes distinguished as bioetharidke biogas,
ethanol requires buses to hawpecialised enging®onovan, 2012)RSD is produced frovarious biomass

sources such as woody waste and is fully substitutable for fossil di@sebvan, 2012)

The advantage of lower blends loibdiesel and RSD is that they can be used in standard diesel buses. This means
they offer the same flexibility as diesel, and can be used &ratp the new network and BR$tandard capacity
biogas and ethanol busedfer similar flexibilityto diesel lusesand could be used to operate the new network.

It is not clear whethehigh-capacity busethat operate using these fuels are availafdad theefore whether

they couldbe used to implement BRT.

The cost of biofuel busetdiffers depending on the pricof fuel and the requirement for specialised enginks.

lower blends of biodiesel can be used in standard diesel buses, the costs are the same as for diesels with the
exception of fuel. Lower blends of biodiesel are currently slightly more expensivertimemal diesel per litre
(Donovan, 2012)Biogas buses are likely to have higher overall mainteaeosts than diessldue to ther

specialied engina. The fuel can be significantly cheaper than diesel depending on the availability of surplus
landfill gas or a specific biogas projébobnovan, 2012)Ethanol buses also have higher maintenacasts than
dieselandthe fuel costs slightly moréhan diesel As RSD can be used in standard diesel buses, the costs are the
same for diesel with the exception of fuel. RSD is currently mumie expensive to produce than diesel

howeverthis may change as the technology develops further.

The availability of biofuslis a significant constraint aheir adoption in WellingtonBiodiesel is currently only

produced in New Zdand onasmallscal&. Ener gy i s currently coséructing |
biodiesel productiorfacility, whichshould be completed in 2016. The biodiesel will be produced from animal fat

and used cooking oil, and will be available as T@et biodiesel blended with ordinary dieg@ Energy, 2015a)

In the short term Z will only be supplying biodiesel to the Auckland, Waikad the Bay of Plenty regions;

however depending on demand, the company would like to supply biodiesel to the whole of New Zgaland

Energy, 2015b) Thi s may result in biodiesebkbubfeetimtige madiumor e vi a
term. Bi ogas i s pr od ulleyeadd Saverstrgden llahdfillapgveéver this is alrebaypupey to V a
generate electricitfBioenergy Association of New Zealand, 2015% notclear whether there are any

unexploited sources of biogas in the Wellington regigthanol is also only produced in New Zealand on a small

scale by Fonterra from whey, a-pyoduct of the dairy industryDonovan, 2012Research is currently being

undertaken on the potential to produce RSD from renewable sources of wood in Newmd&dadavever itwill

not be available ilNew Zealand in the shibterm (Donovan, 2012)

Biofuelsare generally considered a renewable alternative to fossisfueheycan help reduce GHG emissions

and improve energy security. The overall performance of different biofuels in reducing GHG emissions can vary
significantly It depends on the type of crop and land that is used, as wélbasfeedstock production and fuel
processing are carried out. When forest or grassland is converted to farmland for the produchimfuefis, it

can result in a net increase of GHG emissions rather than a decrease. Thdifehmleleof a biofuel needs to
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be evaluated to establish whe#r it leads toa net decrease in emissionss with GHG emissions, the overall
performance of different biofuels in reducing local harmful emissionsatsovary significantlyFor example,
biodiesel can produce 10 to 50 percent less particulate mattantstandard diesel, depending on the biodiesel
to diesel blendPaulson, 2010 here is veryftile difference between biofuehnd diesel buses in terms of their

impact onnoise pollution.

It is apparenfrom the alove discussion that convertinge | | i sibgstfleento biofuels would require
overcoming anumber of consaints, particularly concerningupply. In the longerm, the GHG emission
reductions offered by biofuels may be considered insufficient in comparison to cleaner technologilesr,Fu

biofuels offerlittle in the way of educed noise pollion.

HYBRIDDECHNOLOGIES

Hybrid buses are being trialled in many cities around the world, and larger fleets already operate in a number of
cities such as London and San Francisco. Hybrid buses have faced a number of operational issues; however their
technology has matured significantly in recent years and they are becoming increasingly r@iahdean,

2012) Hybrid buses generalbpmbine a electric motor{and battery or capacitor) with an internal combustion
engine.Hybrid buses also typically use regenerativakbrg, which transforms kinetic energy from braking into

electrical energy.

Hybrid buses would have similar flexibility on Wellit on’ s curr ent r o aMlig-capacizwor k as
hybrid buses arbeing trialled overseas, with larger fleets operating in a small number of ditisgherefore

likely that hybrid buses coulde used to operate both the new Wellington city bus network and BRT.

Hybrid dieseklectric buses cost approximate§Z$600,00@ NZ$800,000 per vehicle depending on model and
capacity(GWRC, 2014a; Nunns et al., 20T5)ee may be further costs if buses require battery replacements.
Hybrid buses do not require the development of supporting infrastructure. The fuel efficiency of hybrid buses
varies significanthput most are considerably more efficient thatandard diesebuses(Donovan, 2012)Hybrid

busescost slightly more than diesel busesmaintain(Nunns et al., 2015)

Conventional hybrid diesd@lectric busesypicallyproduce up to 25 percent less emissions than dieseébus
(Nunns et al., 2015However, other hybrid technologies offer signifitdg greater emission reductions. NZ Bus
have recently announced that they will be convertinguemtoer of their buses to usé/rightspeedRamge-

Extended Electric Powertratechnology(NZ Bus, 2016JheWrightspeed powertrain uses an electric motor to
drive the wteels, powered by a small bank of batteries (with a range of 40km). The batteries can be charged
from the grid or by using the eboard turbine engine, which can operate using diesel, compressed natural gas
(CNG), tjuid natural gas (LNG), liquid propan®@l, or biogadNZ Bus have estimated that their converted
buses will only need to operate usihgdrocarbonfuel between0 and 17 percent of the timgFulljames, 2016)
This could result in an 83 to 100 percent reduction in emissions in comparison to standard dieselfbuses.

achieved, hiswould be aconsiderable improvement oconventional hybrid buses.
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The impact hybrid buses have on air pollution and noise pollution can be significantly improved if the buses can
operate on their electric battery alone whilst travel
exposure to local harmful emissis and noiseMany cities are treating hybrid buses as a transition step to

converting their fleets to fully electric buses. It is likely thagyttwill not bea longterm solution because their

emission reduction margin is insufficient in the long term.

HYDROGEN FUEL CELL

Hydrogen fuel cell (HFC) buses are an gimgrtechnology that operatesing hydrogen. HFC technology is being
trialled in a number of locations around theorld; however, they still face a number ofost and performance
barriers. The dvantage of HFC busessthat they can be operated like diesel busdhey have a range of 360

450 kilometres and can be refuelled in less than 10 min(BeEsmovan, 2012)HFC buses can be completely
flexible withinan existing road network provided refuelling stations are accessiliiey could be used to

operate Wellington’ s new network and potentially BRT.

The current cost of HFC buses islmibitive. They are estimated to cost approximately NZ$2.7 million per
vehicle, h addition to the capital cosif hydrogen fuel stationéPwC, 2014)This bus purchase cost is far more
expensive than other bugchnologies. In the long term, as the technology develops and the prices come down,

HFC buses have significant potentiévertheless, they face intense competition from battery electric buses.

HFC busegroduce o harmfulemissionsiuring operation ard if the hydrogen is produced from renewable
electricity thentheir GHG emissions are very IgRwC, 2014)interms of noise pollution, HFC buga®duce
approximately 60 to 70 decibels, which is far quieter than diesel b{ise€, 2014)

ELECTRIC TROLLEY

Trolley buses aralready used in Wellingtoand area proven technologySan Francisco and Vancouver are
upgrading their existing trolley bus fleets, and a number of other cities in the world are inyéstiew trolley
bus networksTrolley buses are powed byelectricity delivered byverhead cables. The reliance of trolley

buses on an overhead network of cables limits their flexibMg | | i ngt on’ s new bus net wor k
include the existing trolley bus networla order to maintain trolleypuses as part of the new network there

would have to be a significant extension to the trolley bus power supply and overhead nd@MWRC, 2014b)

The new network could be reviseatincorporate theexisting overhead cablebBowever this could reduce its

efficiency. Higkcapacity articulatedrolley buses are used oversedovidedthere wasthe necessary

infrastructuralinvestment,they could potentially be used in Wellington on ¢l BRT network.

The trolley bus fleet was refreshed from 2007 to 2009, and the buses have an estirataiinglife of

between 5 and 10 years. A modern trolley bus is estimated to cost NZ$700,000 per (egrigharable to

hybrid dieselelectric buses)Hybrid trolley buses that are equipped with a battery or diesel motor could help
overcome their flexibility limitation. A trolley bus with an added diesel engine is estimated to cost approximately
$800,000 per vehicléPwC, 2014)The work to upgrade the current network and required electricity

infrastructure is estimated to cost approximately NZ$52 million (PWC, 204#)is particularly costly when
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taking into account that there are only 60 trolley buses out of a fleet of 515 buses operathrg\Wellington
region There has been some debate around the accuracyettsts presented by the council for upgrading the
current network(Neilson, 2015)Upgrading and extending the trolley bus network to match the new network
and fulfil the requirements of BRT would require signifidamestment thatis likely to be cost prohibitivét is

not clear how much it would cosd maintain only part of the cuent trolley busnetwork as part of a revised

new network.There are also costs associated with maintaining the trolley overhead net@wsk.the period
2008/9-2012/13 the annual cost of maintenance and renewals for the overhead network ranged frdm $3.
million to $5.6 million(GWRC, 2014bln terms of fuel, trolleys arsignificantlycheaper to run than diesel buses

due to the lower price of electricity compared to diesel.

The GKbemissions profile of trolley busekepends on the proportion of the electricity thatgenerated from

renewable sources. In Nedealandaround75to 80 percent of electricity is generated by renewable sources,

and the government has set atargetfor@er cent of New Zeal andffomremeWablet r i ci t
sources by 2028Mlinistry of Economic Development, 201T)olley buses daot produce any harmful taibipe

emissions.

The noise level of trolley buses gproximately between 60 and0 decibe(PwC, 2014)This is far quieter than

diesel busesThe overhead wires required for trolley buses do have an adwéss@limpact on thestreetscape

BATTERY ELECTRIC

Electric battery powereduses are an emging technologyhat is being trialledextensivelyoverseas, although
their reliability is unproven in the longetm. They generallyequire their batteries tde charged overnight or for
short intervals along bus routes which have dedicated chargingsinfreture. The main area of concern
regarding batteryelectricbuses are the time it takes foheir batteries to recharge and battery lifeboth of
which can limit bus flexibility and rangeatBery technology is improving quickind significant progreshas

already been made in relaticto charging times and battery life.

Battery electriduses that are charged overnight are designed to operate all day without needing to be
recharged. This gives them flexibility on the existing road network and means they could be used to implement
the newWellingtoncity bus networkHigh-capacity batteryelectricbuses are only beginning to be trialled
overseas and are unlikely to be available in the short téflowever, m the longterm they could be used to

operate the BRT network. Tipgssengecapaity of battery electridouses is slightly less than their diesel

counterparts due to the additionateight of the batteryPwC, 2014)

Battery electric buseare estimated tacostapproximatelyNZ$0.9 tdb1.1 millionper vehicle, ad they may also
require a battery replacement during their lifetinfBlunns et al., 2015; PwC, 201%his is significantly more
expensive than diesel busdBattery electridbuses also requireomecapital investment in recharging stations.
Recharging st&ins along bus routes would require more investment than recharging stations at bus depots

(PwC, 2014 Battery electridouses are less expensive to maintain than diesel buses due to fewer moving parts,
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and costless tooperate,as electricity is cheaper than diesklthey are recharged overnight when elgicity

demand is lower, their running costse evenlower.

Like trolley luses, the GHG emission profileelectric buses depersbn the proportion of theelectricity that is
generated fom renewable sources. They do not produai-pipe emissionsThe noise level of battery electric

buses ismpproximatelybetween60 and70 decibet (PwC, 2014)This is far quieter than diesel buses.

3.5.SUMMARY OF BUS REEGEMENT OPTIONS

Table 1 belowprovides a simplified summary of the advantages and disadvantages of each bus technology.

Operational . Local harmful
P GHG emissions .
costs emissions

Bus type Capital costs

Diesel (Euro VI

Biodieset

Hybrid**

Hydrogen fuel
cell

Electric trolley

Battery electric

Tablel Summary of main advantages and disadvantages of each bus technology

* Biodiesel was selected ouf the range 6 biofuels as iappears to havéhe most potential to be adopted by
We | | i rbgstfleemlt isassumed that it idawer biodiesé-dieselblend such as B5B20

** Hybrid technologies differ significantly. For the purpose of this table, it is asstivaethey offer a considerable
reduction in GHG emissions, and that thadliverse impact in terms ¢dcal harmful emissionand noiseis reduced
by their ability to operatesolely on eletricity in built up locations

***  This assumes investment in charging stations at bus depots rather than along bus redies g infrastructural
costs

3.6. CONCLUSION

The discussion above demonstrateat there isa range @ bus technologies that could potentially lbsed to

upgrade Wellington’s bus fleet.

The advantage of modern diesel buses is they have the lowest capital cost and are the most reliable technology.
They couldbe used to operate botthe new Wellington city bus network and BRT. However, they also produce

the highestemissions, whiclwould have considerable health and environmental implications for Wellington.
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The carbon emission implications are of pewtar concern, given thergencyof carbon emissions reductions,
WCC’' s emission r eductdommitméntdorregece emissonsdacroshies ar&aduR C’ s
influence.Diesel bgesalsohave the highest level afoise pollution, whichaffectslocal amenity anagnay affect

property values.

Biofuelsface significant constraints dheir adoption in Wdlngton, particularlyconcerningsecuring fuel supply.
Biofuels produce less GHG emissiansl local harmful emissiortan diesé with the level of reduction
depending on theviofuel. In the long term, biofuels may not offer sufficient reductions in emissions in
comparison to electric technologies. Furtheiofuels offer very little improvemenh regardto noise pollution.
Biodiesel could be used to improve the emission irea#f diesel andhybrid dieselelectric buses in the fleet

however this is no& long term solution.

The advantage of hybrid technologies is that they have as much flexibility as diesebbtiaes more efficient.
The emission reductions offered bylnd technologies differs significantly but all are a considerable
improvement on standard diesel buses. In particulghiid technologies that can operate solely on electricity in
built up areascan significantly reduce their impact in terms of air ptdin and noise. However, as hybrid buses
still produce emissions, many cities are treating them only as a transition step towards a fully electric fleet,

rather than as a longerm solution.

The principabbstacle facing fully electric bus technologiethisir high capital costddFC buses are still very

much an emerging technology and are cuthgprohibitively expensive. In the lortgrm they have significant

potential as they offer complete flexibility on the road netwpakd unlike batteryelectricbusesthey are not

limited by battery life and recharge times. Trolley buses already operate in Wellitgiarever,their lack of

flexibility means they could not be used to operate the new bus network and BRT without aigniificestment.

Battery eletric buses arealsoan emerging telenology, and are currently significantly more expensive than

diesel and hybrid technologies. While thase far nore flexible than trolley buses, they are still limited by

battery life and recharge time3he advantage ddll of thesefully electric bus technologiestisat they offer the

most environmental and health benefits as they produce no local harmful emissions, arldtkeyHG

emi ssions due to New Zeal and’ s hi ghnoleglesarealsoddr quietern e wa b |

than diesel buses, whicliould havepositive benefits for loal amenity and property values.

It is clear that from an environmental and health perspective Wellington should aim to have a fully electric bus
fleetinthe future Thi s woul d reduce Wellington's GHG emissions

Wel l ington’s commitment to mitigating climate change.
pollution, positively affecting the liveability of the cityahdhe heal t h and wel |l being of W
However, cost considerations need to be taken into account as an immediate shiftlly electric bus fleet

would be very costly. The next section of this report addresses transition options.
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4. WELLINGTORUS REPLACEMENAR

4.1. INTRODUCTION

The GWRC has been considering its replacement strateg
bus fleet for a number of yearH.is clear from the previousection of this report that there is a range of bus

technol ogies that could be used to upgrade Wellington

In 2014 the GWRC commissioned PwC to undertake ebeosffit analysis evaluating a range of diéfet bus
options for upgradingVelling o n ' s PwG, 20iL4J Subsequently the GWRC decided that it would not
renew the trolley bus contracts in 2017he GWRC stated that this was due to the magnitude of current and
future costs required tmperate the trolley bus network, and because it would not allow the introduction of the
new network(GWRC, 2014blnstead,the GWRC decided it would replace trolley buses, as wallder diesel
buses in the fleet, witthybriddiesetelectric buses. This would be a transition step to getting a fully electric bus
fleet in the future(GWRC, 2014bHybrid busesvould allow the GWR® implement the new network and
reduce emissions from the fle¢GWRC, 2014b)

In 2015 the GWR@pdated this plan, deciding instead replacethe trolleyand older diesel buses witmodern
dieselbuses, with the exception of temybrid double-deckerbuses(GWRC, 2015blt is unclear why the GWRC
hasdecided to replace the majority of the older diesels and trolleys with modersell busesas opposed to
hybrids as originally planneftheGWRQas set an aspirational gdfalr Wellington to be thdirst region in New
Zealand with an aklectric bus fleet when the technology is more mature and affordéBM/RC, 2015b)

However, when this occussill be a matter of judgement.

This section of the report first gives a breakdowinoWe | | i nhgt on region’s current bu:
outline of the GWRC's bus replacement plan as well a
fleet. The implicatbns of each replacement strategye then discussed in relatido implementing the new

network and BRT, and from the viewpoint of cost, emissions and noise pollution.

4.2. WELLINGTON REQN ' CEYRRENT BUS FLEET

Wel |l i ngton r egi onmmisethlbdbusdslineotat The majonityeohthelflget iscrmdeotip

diesel buses of mixed age and mixed Europ&and emission standards. Euro emission standards for vehicles
define the acceptable levels of exhaust emissions for vehicles solthwithEU. These standards range from

Euro | standard to Euro VI standaEuro | standard buses are the oldest and most polluting of the Euro standard
buses. Euro VI standard buses are the newest and cleanest of the Euro standard’bedé=et also contains 41
pre-Euro emission standard buses, and 60 trolley bu2e8 ofthe 515 buses operate Wellington city,

including all of the trolley buses.

*For a summary of the PwC r ep oofits main lirhitationd,iseed\gpenddalnd a di scussi
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Thegraphbelow provides a breakdavn of Wellington(Wgtn)region s bus f | e'et b y bus type.

Wgtn Region's current bus fleet

Total 515
Euro V/IVI 113
Euro IV 21
o)
S Euroll 115
S Euroll
3 uro 37

Euro | IS 128
Pre-Euro 1IN 41
Trolley I 60

0 100 200 300 400 500 600
Number of Buses

4.3.WELLINGTON REGIBUNS FLEEREPLACEMENT SCENARIO

The GWRC has provided twulicative replacement scenarios for Wellingtore g i basrflée The first

scenarioprovided by the GWR(Scenario ljsclearlyd b u s i n e s s lacesientpknas it dssumes that

the new Wellington city bus network and BRT ac¢introduced and that there are no changes to bus emission
standards.The second scenarprovided by the GWR(Scenario 2)nvolves replacing the trolley buses and older

diesel buses in the fleet with modern diesel buses, with the exceptionnofiyérid deselelectric buses.

Scenario 2s in line with tke strategy thatthecWRC announced in December 2015 f ol
bus fleet(GWRC, 2015b) Thi s report provides three further strate
fleet (Scenario 3, Scenario 4 and Scenari®®.enar i o 3 replicates tai&theGWRC' s i n
trolley buses and older diesel buses with conventional hybrid digleetric busesScenario 4 is the same as

Scenario 3 except that it assumes the adoptioMtsiightspeedhybrid technolagy rather than conventional

hybrid dieselelectric busesas this technology offers fgreater reductions in emissiofScenario 5 is a °
case’ scenario in which the current bus fleet is repl
hybrid technology altogetheiScenaris 3, 4 and 5 are famore ambitiousthat he GWRC' s i ndi cati ve

adoptinglow emission and ero emission busefar more quickly.

All five scenarios are outlined below.

“The figures for Wellington region’s bus fleet were provide
Wel |l ington City's bus fleet, please see Appendix 2.

® These scenarios were provided by B8/RC via personal communication.

® This scenario has been included in | ght of NZ Bus's recen
proportion of their fleet to operate using Wrightspeed electric powertrdiNZ Bus, 2016However, Scenario 4 cannot be
equated with NZ Bus’' s dthatthey plasto cofivartrthe traNey buBaes ® Whightspeed st at e
technology, but their intention regarding diesels is unclear. Scenario 4 involves reg@Hoife trolley buses, plus pre
Euro, Euro | and Euro Il diesel buses in the fleet with Wrightspgledd technology.
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SCENRIO 1
Scenaridl (provided by the GWR@pssumes that:

1 the new Wellington city bus network and BRT are not implemented

1 there are no changes to the maximum age of buses or bus emission standards
i trolley buses are retired from the fleet by 2018 and replaced with modern diessds
1 older diesel buses are progressivelyleeed with modern diesel buses.

SCENARIO 2
Scenario Zprovided by the GWR&hd in line with the December 2015 announcemegsumes that:

1 the newWellington citybus network and BRT are implemented
i1 there willbe a new maximum age for buses and new stricter bus emission standards

i trolley buses andPreEuro, Euro | and Euro Il standard diesel buses are retired from the fleet by 2018 and

replaced withmodern diesel busewvith the exception of 1@onventionalhybrid doubledecker buses

9 Euro lll to Euro VI buses are phasedfooin 2023and replaced wittbattery electricbuses

i1 there are fewer total bges in the fleet than Scenariadile to the incorporation of higleapacity vehicles
into the fleet”

SCENARIO 3
Scenario &ssumes that

1 thenew bus network and BRT are implemented

i1 there will be a new maximum age for busasl newstricter bus emission standards

1 trolley buses and P+Euro, Euro | and Euro |l standard diesel buses are retired from the fleet by 2918 a
replaced withconventionahybriddiesetelectric buses

i1 Euro lll to Euro VI buses are phasedfooin 2020and replaced with battery electric buses

i1 there is the same total number of buses as Scenadaeto the incorporation of higlcapacity vehiclemto
the fleet.

SCENARIO 4

Scenario 4 has the samassumptions as Scenario 3, with the exception Waitghtspeedhybrid busesrather
than conventional hybridliesetelectricbuses replace trolley buses and REeuro, Euro | and Euro 1l standard
diesel buses.

SENARIO 5
Scenario 5 assumes that:

i1 the new bus network and BRT are implemented
1 there will be a new maximum age for buses and rstficter bus emission standards

i trolley buses and PrEuro, Euro | and Euro Il standard diesel buses are retired from the fleet by 2018 and

replaced withbattery electric buses

i1 Euro lll to Euro VI buses are phasedfoatn 2020and replaced with battery electric buses

i1 there is the samedtal number of buses as Scenario 2 due to the incorporation oftéglacity vehicles into
the fleet.

" The GWRC have indicated that in this scenario the Wellington region bus fleet will incorporate 2dagsgity vehicles

(168 singledeckers and 47 doubléeckers)including 10 hybrid doubldecker buses.
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The following graphs indicate the bus fleet configurasitor each of the scenariadescribed abovéor the
Wellington regioruntil 20328 Thegraphs daot distinguish between standard and highpacity buses

however, each oEcenarios 25 hasthe same number of highapacity vehicle$

Scenario 1 Wgtn Region bus fleet configuration

600
H Battery electric
» 500 y
2 m Conventional hybrid
2 400
“ I I I m Euro VIVI
(@]
5 300 Euro IV
o]
£ 200 = Euro Ill
Z I
100 I I I I I mEuro Il
l mEU |
225233323888 8R8¢8¢Y mpekuo
O O O O O O O O O O O o o o o o o o
AN N AN AN &N &N &N N AN &N NN NN NN NN .TrO”ey

Scenario 2 Wgtn Region bus fleet configuration
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m Battery electric
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@ m Conventional hybrid
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— m Euro VIVI
o
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Q0
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zZ
100 mEuroll
. HEENEN =Euro |
2953228380 38ENER88 Y  wPreEuwo
O O O O O O O O O O O O O O O O O O
AN AN AN AN AN AN AN NN N &N NN N N N N N
H Trolley
Year

8 The bus fleet configuteons for each scenario for Wellingtdiity can be found in Appendix 2.

° While it is known how many total higtapacity vehicles will operate in the fleet for both scenarios, it could not be

established for the purposes of this report how many higipadty buses are already operating in the fleet and their
retirement profile.
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4.4, IMPLICATIONSF THE REPLACEMEREMSARIOS

Thebus replacemenscenarios outlined abovet h e G WR &énarios and the three alternatiesmd more

ambitious scenarios have different implications for Wellington. The following discussion reviews the five

scenarios in relation to their impact on implementing Wellingn’ s new bus network and BR
emissions and noise pollution.

IMPLEMENTIN®/ELLINGTONS MNSBHSNETWORK ANBUS RAPID TRANSIT

The main benefits of public transport come from encouraging more people to leave their cars at home and take

public transport.In order to increase public transport patronage, the GWRC is implementing the new Wellington
city bus network and BRT. It is therefore vital t hat

implementation of the new networkrad BRTScenario 1 assumes that the new network and BRhaire
implemented. Scenarios 2 assume that the new network and BRT are implemented. Modern diesel buses,
hybrid technologies, and battery electric buses all have the flexibility to operatbendw networkln terms of
high-capaciy vehicles for the BRT routatiesel andconventionalhybrid highcapaciy vehicles are already
available High-capacity vehicles that operate fully on electric batteries or use advanced hybrid technslaty

as dfered byWrightspeed may not be available in the short term.

COST

The costs associated with each bus technology differ significantly. They include bus purchase costs,
infrastructure costs, maintenance costs, driver costs and fuel costs. Thepatbee not easily quantified

indirect costs-those associatewith the health and environmental impact of emissions, and noise pollution.

The scenarios above all assume that new buses are purchased to replace the current fleet; however, significant

savirgs could be made if current buses in the fleet can be converted to operate using clean technologies.

Scenario 1 assumes that the new network and BRT are not implemented. This would result in a range of costs for
Wellington due to the continuation of the current inefficient network. Scenario 1 is the most affordable in terms

of capital costs as it require® infrastructural investment, and modern diesel buses have the lowest purchase
price. However, this scenario has higher operational costs than the other scenarios. The operation of a full fleet
of diesel buses would impose significant health and enviremal costs because of emissions. Diesel bates

have the highest level of noise pollution, adversely affecting local amenity and property values.

Scenario 2 requires more capital investment than Scenario 1 due to its investment in 10 hybrid vel#0Es3, i

and battery electric buses and their associated infrastructure from 2023. This scenario would be more affordable
operationally than Scenario 1, particularly once battery electric buses are incorporated into the fleet. In the

short term, Scenario B only marginally &tter than Scenario 1 in regatd health, environmental and noise

related costs. In the long term, once more of the fleet is operated from electricity, these costs will significantly

reduce.
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Scenaris 3 and 4 require more capital inggment than Scenario 2 due to the replacement of all older diesel
buses and trolley buses with hybrids in 2018, and the pliasé battery electric buses and their associated
infrastructure from 2020. Scenario 3 is more affordable operationally thana8oe2 and offers a moderate
reduction in emissios. Scenaridt is farbetter than Scenario 3 in this regardfferingsubstantial operational

savings and a significant reduction in emission and noise related Costs.

Scenario 5 requires even more capitatéstment than Scenario 3 and 4 due to the replacement of all older
diesel buses and trolley buses with fully electric battery powered buses from 2018. This scenario is operationally

cheaper than the other scenarios, and lihs least emission and noiseleged costs.

EMISSIONS

The type of bus used to upgrade Wellington’s bus fl ee
pollution. Reducing GHG emissions is vital for mitigating climate change. Reducing local harmful emissions
improves ai quality and public health. The followisgries ofgraphs indicate théail-pipe emissions profile for

each of the bus replacemestenarios for Wellington regiori.The emissions showimclude particlate matter

(PMy), nitrogen oxidegNOy) and carbordioxide (C(;}).l2 It is important that these graphs should be considered
indicative only as thellave a number of limitationdhe values used to calculate the emissions weken from

the PwC (2014) reporBwC made a number of assumptions to calcuIa’[e.".stialﬂlﬁagure:;l.3 The graphs only indicate

the tailpipe emissions of each bus technology. Electric trolley buses and battery buses do not proepipe tail
emissions. However, it is important to acknowledge that the GHG emission profile of electric busagasol
depends on the proportion of electricity that is produced from renewable sources. In New Zeatandd 75 to

80 percent of electricity is generated by renewable sources, and the government has set a target for 90 percent
of New Ze al watolk generatet feom renewable sources by 20R%e renewable proportion could

reach higher levels, possibly even around 100 percent, by 2030 with appropriate central government incentives.
The graphs use emission values (in g/km or kg/km) for eachelshadlogy and multiply this by the number of

each type of bus in the fleet. This means that the graphs assume that all vehicles travel an equal dis&nce.
graphs are also based on all the buses in the fleet being standard capacity. The emissionsf frigfileapacity

buses could not be established for thisadysis. However, it is expectdlaat high-capacitydiesel and hybrid

buses have slightly higher emissions than standard capacity buses, but would perfofitasitn better per

passenger.

1% Scenario 4 is based on the purchase of new hybrid vehicles, which operate using Wrightspeed powertrain technology. If
current buses in the fleet are converted to using thishiemlogy, this could significantly reduce the capital costs associated
with this option. NZ Bus has stated that they plan on converting a significant proportion of their current bus fleet to
operate using Wrightspeed hybrid technolo@Z Bus, 2016)

™ The emissions for Wellingtdn A (bés@eet have also been calculated and can be found in Appendix 4.

12 Hydrocarbon (HC) and carbon monoxide (CO) emissions have also beerterildiia graphs for WellingtoreBion can
be found inAppendix 3 and for Wellingtonit¢ in Appendix 4.

3 The values taken from the PwC report can be found in Appendix 5, as well as a brief summary of some of the assumptions
used by PwC in their calculations.
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WELLINGTON BEONNOx EMISSIONS
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WELLINGTON BEONCQ, EMISSIONS
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Scenario 3 Wgtn Region bus fleet,@@issions kg/km
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Itis clear from the graphabove that the retirement of the oldest diesel buses in the flea$ the most

significant impact on PMand NQ emission levels, regardless of whiohs technology replaces them. Scenarios

2 to 5 are therefore considerably better than Scenario 1, as they remove the oldest diesel buses from the fleet
by 2018 rather than phasing them out more gradualigenario 3 offers a moderatenprovement on Scenario 2,

with Scenario 4 and 5 better still.

Scenario 1 results in a slight increase of @®issions in Wellington region in 2018 due to the removal of the
trolley buses. C&emissions decrease slightiytil 2025 whileolder diesel buses are removed from the fleet and
replaced with more efficient maern diesel buse<CQ emissionlevels remain approximately the sarfrem

2025as the fleet continues to operate solely from diesel. Scenario 2 is an impeweon Scenario 1 as €O
emissions decrease slightly from 2018, and more significantly from 2023 with the introduction of fully electric
buses. Scenario 3 is a significanprovement on Scenario 2. g@missions drop more quickly in Scenario 3 than
in Senario 2 due to the inclusion of a higher number of hybrid buses in the fleet from 2018 and the faster
incorporation of battery electric buses into the fle&cenaris4 and 5 are considerably better again. In

particular, Scenario 5 offers an emissiorefiaus fleet by 2030.

NOISEPOLLUTION

Noise pollution from buses can have a significant effect on amenity and property values. This is particularly a
problem in areas with high bus movements. Diesel buses have a high level of noise pdtykiad.

techrnologies are quieter than diesel buses, and could significantly reduce their impact on noise pollution if they
can operate solely on electricity in built up areBgectric bus technologies are significantly quieter than diesel

buses.

Scenario 1 will resuin the highest level of noise pollution due to the entire fleemprisingof diesel buses.

Scenario 2 offers only a slight improvement on Scenario 1 in the short term. In the long term, Scenario 2 reduces
noise pollution as it incorporates battery eleictbuses into the fleet. Scenario 3 is an improvement on Scenario

2 as it includes a higher proportion of hybrid dieskdctric buses, and incorporates battery electric buses more
quickly into the fleet. Scenario 4 is even better daehe ability ofWrightspeedhybrid buses to operatsolely

on electricityin built up areas. Scenario 5 is better again.

4.5. DISCUSSION

The GWRC has been considering its stratofypars.Ther upgr ad
have provided twadndicative scenaosfor replacing the curmet bus fleet, which havbeen compared in this

report with three alternative, more ambitious, scenarios.

Scenario 1 is a business as wusual’ scenawWRCdo whi ch ca
adopt, given the GWRC's own public transport aspirat:i
and BRT, as well as reduce emissions. Scenarmfarisnorerealistic strategy for th&WRQo adopt. The
combination ofous technologies cabe used to operate theew network and BRT. féquires more capital

investment than Scenario 1 biitis more affordableoperationally, especially in the lortgrm. In terms of
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emissions, Scenario 2 represents an improvement on Scenario tb dine eatier retirement of older diesel
buses in the fleet, the inclusion of 10 hybrid bsi$eto the fleet, and the phasia of electricbattery buses from
2023.Scenario 2 will reduce noise pollution, especiallthe long term. The main problemith Scenario 2s

that it will not considerably reduce G@missions until théate 2020s.

Scenariod f f er s a more ambitious str atléekgScentrm@heupgr adi ng We
combination of bus technologies can be used to operate the new networlB&IiScenario 3equires more

capital investment than Scenario 2 but isma affordable operationally. Scenarig@rforms betterthan

Scenario 2 in terms of emissiodse to the earlier retirement of diesel buses, the higher proportion of hybrid

buses inthe fleet, and the earlier and quier phasein of battery electridusesit is considerably bettethan

Scenario 2 in terms of Ge@missims as it makes substantigductions from 2018Scenarid will reduce noise

pollution more quickly than Scenario 2.

Scenario 4 igery similar to Scenario 3. However, tineorporation ofWrightspeedhybrid buses into the fleet
instead ofconventimal hybrid busesesults in greater benefits in terms of operatial costs, emissions and
noise pollution. If buses in the current fleet are converted to Wrightspeed hybrid technology, this could

significantly reduce the capital costs associated with this option.

Scenam 5 is the most ambitious @l the strategiesas it adopts fully electric battery powered buses from 2018
bypassing hybrid technologies altogether. It would require significantly more capital investment than the other
options but would be the most affordable operationally, and result in the greatshiction in emissions and

noise pollution. Scenario 5 offers an emission free bus fleet by 2030.

The GWRC's strategy, asqnotambitiousel Begatireneedt oflthe oldest diesed busesin 2 ,
2018 has the most impact in terms of lobarmful emissions. Howevehé¢ gradual phasén of battery electric

buses means that it is a long time before air quality is owpd further and significant G@mission reductions

are made Scenarios 3, 4 and 5 are fall more ambitious. They all reqeimore capital investmenbut offer

substantialbenefits n relation to operation, healtand theenvironment and noise levels.
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5. CONCLUSION AND RECOBMMDATIONS

Wel lington’s bus fl eet i s ripdldtion. The redaction af @HGoemissBsG e mi s s i

vital for mitigatingclimate changean urgent matterAir pollution is a significant health issue, increasing the risk
of stroke, heart disease, lung cancer, and both chronic and acute respiratory diseases. Many cities around the
world are implementing ambitious plans to clean up their bus fleets in respinisereasingly stringent GHG
emission reduction and air quality targets. Wellington can learn from these cities if it wants to be an
internationally competitive, progressive and sustainable city. In particular, Wellington should consider how its

level ofambition compares to these wor@ading cities in respect to the adoption of clean bus technology.

Thisreporthas outined r ange of bus technologies that could be wu
bus fleet. It is clear thafrom an envionmental and health perspectiv&yellington should aim to have a fully
electric bus fleet in the future. This would reduce W
regarding Wellington’s commi t mentmproeeaimjualifygndteduceg c | i ma
noi se pollution, positively affecting the liveability
citizens. The principal obstacle facing fully electric bus techiedag their lgh capital cost shifting

immedatelyto a fully electridous fleet could be very costligven though the GWRC does not directly bear the

capital costs of fleet upgrades, girategy for transitioning to a fully electric bus fldets to be economical while

still reducing emissions agiickly as possible.

The GWRC has been considering its replacement plan fo

the GWRC decided that it would replace the trolley buses and older diesel buses in the fleet with dliedern
buses, withthe exception of ten hybrid doubldecker busedn the long term, the GWRC aifior Wellingtonto

have the first fullyelectricbus fleet in the country. Their decision not to renew the trolley bus contract has been
very controversialln part, this may b because it seenmunterintuitive to aim to have a fully electric bus fleet

in the future, whilst removing the only fully electric buses that currently operate in the fleet. Howawvbe i

scheme othe Wellington region, the trolley buses are only aahproportion of the fleet. It is therefore
understandableghatt he GWRC may wi sh t o f ocu sustlestrathenthanovi ng t

spending a significant amount of money on upgrading only 60 buses and their associated infrastructure.

The nain health and environmental benedio f  t h es st@&iddy €dme from its removal thfe oldest, most
polluting diesel buses from the fleet by 2018. This will have the most impact on improviggddity in the city.

It is concerning that the GWRC pldaageplace all of the trolley buses and older diesel buses with diesel reliant
bus options, as this could lock in exsions for a considerable perioditime. The GWRC has not given a specific
datefor when the fleet will become fully electri@. h e G W&icative scenario (Scenario 2) suggests that in
2032 over half the fleet will still be made up of diesel buses. sttasegycannotbe considered ambitious and is

far behind the goals being sby leading international cities.

If the GWRC doasishto be ambitious therit shouldconsiderafreshits earlierplanto replaceall the trolley
buses and older diesel buses with hybrid bugeem a health and environmental perspectivisistvould be a

considerable improvement oits current strategy. In paicular, hybrid technologies that can operdta the
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majority of the timewithout using their diesel combustion or turbine engioffer substantial benefitsdybrid
buses require more capital investment than modern diesel buses but offer a range ajsavir the long term.
The cost of replacing all the buses in the current fleet with battery electriedosy be seen as too costly in the
shorter term.However, the GWRC could be trialling battery electric buses now with the intention of adopting

them assoon as possible.

An environmentally sustainable upgrade of f&ellingtonbus fleet is only part of the changes that need to be
made todeliver an effectivand environmentally sounttansportationstrategy for the Wellington
region.Nonetheless, it is an important paithe GWRC could have a far more ambitiand explicitstrategy for
upgradingthe bus fleet, one that is more in line with the strategies of leading international ctiesthe urgen
need for rapid climate actiatn The GWRC’ s setecomomieatpyt alsogieedhmopet weighbto the

impactwhichthe busfleet has on publitealth, the environment,antVe | | i ngt on’ s | i veabi

progressive, sustainable city.
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APPENDICES

APPENDIX.TTHE PWC 2014 REPORT

The GWRC commissioned PwC to undertake abmwfit analysis evaluating a range of different bus options
for upgrading’ s (M) 2014)n gPtwoChbesefittdmabis ifcludee@ dvaluation of$u
purchase costs, infrastructure costs, maintenance costs, driver costs, fueltoostsavingsind emissions for
each of the bus options. The report also included a wider economic evaluation afuzonttifiable

considerations such as how the bus fleentributes to national and local transport initiatives, wider

environmental impacts, noise and visual pollution and cost risks. The report found that most options provided

positive net benefits relative t o rtermixdfteobegdnddiesel opt i on

buses. The baseline option had the highest cost of the options due the current and future costs of upgrading and

maintaining the power supply required to operate the trolley bus network. The report found that the greatest

environmental benefits come from replacing the oldest diesel buses in the fleet, regardless of which bus option

replaces them. The options that do not involve investment in supporting infrastructure (full diesel and hybrid

buses) provide large, positive ne¢nefits as they are cheaper, and have significant environmental benefits due

to the replacement of the older diesels. The cheapest option would be to introduce modern diesel buses but this

was the worst performing option in regards to reducing emissions.

P w C’ sbernefit antlysis has a number of limitations, particularlyeigardto its calculation of the health,

environmental and noise impacts of each bus option. For example, the PwC report has attempted to take into

account the impact of Pl and NG emissions on public healtiklowever,it is not clear to what extent the

monetised values applied to these emissions capture their health impact on society. The report does not include

consideration of CO and HC emissions in its-beskfit analysis. Iftte full health costs to society of diesel

exhaust were realised in the evaluation this could have altered the benefit to cost ratio of the diesel reliant bus

options. PwC also set the price of carbon at $40 per tonne in their evaluation. While $40 petigonn

significantly higher than the market price of carbon as currently charged in New Zealand, it does not truly

represent the full impacts of emissions to society. The carbon price should realistically be set around $100 per

tonne and placed on a risinggjectory(Chapman, 2015 he report also does not take into consideration a

number of wider costs related tthe continued use of fossil fuels, such as how it will affect the WCC and the

GWRC’' s climate miti gat i andwhetleritgseonsidered/deslisiainablgprograssice i ma g e
city. Noise pollution i s o mhdyotfnthe cosbenefilanalysid. Thereper€’' s wi d
itself acknowledges the shortcomings of its own evaluation into noise pollution, and suggests further more

detailed modelling is required to fully ubemfgdr stand th

analysis has a number of other limitatigh®wever the issues discussed above highlight how the report

underestimates the health, environmental, and noise impact of diesel reliant bus technologies.
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APPENDIX 2. WELLINGBNTGTYBUS FLEET

WELLI NGT ON RRENT BUSSFLEET

The figures used in the graph below for Wegton G t vy ' s ¢ leetfazopgosethtathedfgi on’ s f |l eet )
were sourced from the PwQ@14) report.

Wagtn City's current bus fleet
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WELLINGON CTY BUS REPLACEMBENARIOS

The Wellington @ replacement scenarios were infgolated from the regionl data and the iformation
available in the PwQ0Q14) report.

Scenario 1 Wgtn City bus fleet configuration
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APPENDIX.3VELLINGTON REGIONAND CO EMISSIONS

WELLINGTON REGIONBMISSIONS

Scenario 1 Wgtn Region bus flé#€ emissions g/km

1400
e 1200 m Battery electric
a4
S 1000 m Conventional hybrid
(2]
S 800 I I m Euro V/VI
[}
0 Euro IV
‘£ 600
o m Euro 1l
O 400
I mEuro Il
200 I I I I I I mEuro |
0 = -
NN © ™~ 0 O O d N M I 1D © I~ 0 O O 1 m Pre-Euro
o e Hd NN AN NN NN MM
O O O O O O O O O O O O O O O O O O ] Tr0”ey
N AN AN AN AN AN AN AN AN NN AN NN NN NN

Scenario 2 Wgtn Region bus fleet HC emissions g/km

1400
e 1200 m Battery electric
a4
S 1000 m Conventional hybrid
2]
_5 800 m Euro VIVI
2]
2] Euro IV
‘€ 600
o m Euro 1l
O 400
I mEuro Il
110000 ““
0 .
N © i~ 0 O O «« N M - I © -~ 0 O O « m Pre-Euro
o e Hd NN AN AN NN NN MM
o O O O O O O O O O O O O O O O O O ] Tr0||ey
N AN AN AN AN AN AN AN AN NN AN NN NN NNy

48



HC emissions g/km HC emissions g/km

HC emissions g/km

1400

1200

1000

800

600

400

200

1400

1200

1000

800

600

400

200

1400

1200

1000

800

600

400

200

Scenario 3 WgtRegion bus fleet HC emissions g/km

2015
2016 NN

2017 I —
|
|
|
|

2018
2019
2020
2021

2022 'mam

2025

2026 W

2027 mm

2028 mm

2029 mm
2030 =

2031 =

2032 =

H Battery electric
m Conventional hybrid
m Euro VIVI
Euro IV
Euro 11l
m Euro Il
mEuro |
m Pre-Euro

H Trolley

Scenario 4 WgtRegion bus fleet HC emissions g/km

2015 I
2016 |
2017 I ——

2018
2019
2020
2021

2022 ‘==

2025
2026 =
2027 |

2028 |

2029 m

2030 1

2031 1

2032 1

m Battery electric
m Wrightspeed hybrid
m Euro V/VI
Euro IV
Euro Ill
m Euro Il
mEuro |
m Pre-Euro

m Trolley

Scenario 5 WgtRegion bus fleet HC emissions g/km

2015 I
2016 I
2017 N
|
|
|
|

2018
2019
2020
2021

2022 'mm

2024 ==

2023 ==
2025 =

Year

2026 =

49

2027 m

2028 m

2029 m
2030
2031
2032

H Battery electric
m Conventional hybrid
m Euro VIVI
Euro IV
Euro 11l
m Euro Il
mEuro |
m Pre-Euro

m Trolley



WELLINGTOREGION COVHESSIONS
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APPENDIX AVELLINGTONITY BUS FLEET EMCE3$3

WELLINGTON CITY BEMISSIONS

Scenario 1 Wgtn City bus flegel,,emissions g/km

140
c 120 o o m Battery electric
v
> 100 m Conventional hybrid
2]
S 80 m Euro V/VI
7
2] Euro IV
£ 60 i
o Euro Il
s 40
o I [ | N | i mEuro Il
20 i
EEuro |
: IRl d N mnnmnnnn =2
N © ~ 0 O O <« N M < 1D © I~ 0 & O «d
o e Hd NN AN NN NN NN N MM
o O O O O O O O O O O O O O o o O o ] Tr0”ey
N N N N NN AN &N &N &N &N N NN N N N N N

Scenario 2 Wgtn City bus fleéel,,emissions g/km

140
c 120 o o m Battery electric
X
D 100 m Conventional hybrid
(2]
S 80 m Euro V/VI
7}
a Euro IV
g 60
o Euro Il
<t 40
E 'BBEE q mEuro ll
20 | mEuro |
. TEREEEE _
N © I~ 0 O O 1 N M & I © I~ 0 O O «d m Pre-Euro
o d d AN AN AN NN NN NN NN O oM
SRSSRIIQERIRVVERILKLERIRICRIKE  nmTrolley

52



PM,, emissions g/km
N B ()] o]
o o o o

o

140

PM,, emissions g/km
=R
N D ()] o o N
o o o o o o

o

140

120

100

PM,, emissions g/km
o 3 & 8 &

Scenario 3 Wgtlity bus fleePM,,emissions g/km

" EE H Battery electric

m Conventional hybrid

m Euro V/VI
Euro IV
Euro 11l
mEuro Il
| . .
| | mEuro |
| I B B B B I
H Pre-Euro
N O© I~ 0 O O 4 N M < I © ™~ 0 OO0 O 4 «
o Hd d NN AN AN NN NN NN O oM
O O O O O O O O O O O o o o o o o o lTroIIey
AN AN AN AN &N AN &N &N AN AN NN N NN NN NN
Year

Scenario 4 Wgtlity bus fleePM,,emissions g/km

- Em m Battery electric

m Wrightspeed hybrid

m Euro V/VI

Euro IV

Euro 1l

mEuro |l

H N

] HEuro |
| B B B T T R

NN O© I~ 00 OO0 O 4 N M < 1N © I~ 0 OO0 O 4 « m Pre-Euro
I d 4 4 d AN AN AN N N N N N N ANOO OO M

O O O O O O O O O O O O O O O o o o lTroIIey
AN AN AN AN AN &N &N &N &N N NN N N N N N N

Year

Scenario 5 Wgtlity bus fleePM,,emissions g/km

" EE H Battery electric

m Conventional hybrid

m Euro V/VI
Euro IV
Euro 11l
m Euro Il
NN
- mEuro |
H s = -

N O© I~ 0 O O 4 N M < IHh © ™~ 00 600 O 4 « W Pre-Euro

1 4 4 4 AN AN AN N AN AN N N AN N oOO OO ™M

O O O O O O O O O O O O oo o o o o o lTroIIey

AN AN AN AN AN AN N &N &N AN N N N NN N NN

Year

53



WELLINGTON CITY \NEMISSIONS
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WELLINGTON CITY,EMISSIONS
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WELLINGTORITY CO EMISSIONS
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APPENDIX.E=MISSION CALCULATS8ON

The taitpipe emissions of the fleet replacement scenamase calculated using figures from the PwC, 2014

report. The figures used by PwC are based on a number of assumptions, and are thadita@tiveonly.

The Euremission standards for diesel buses cover CON@zand PMemissions. Thegre provided in g/kwh.
In order to convert these values into a marasily comparablérmat of g/lkm, PwC used efficiency values (in
MJ/ 100km) sourced f r onPovkring Publioc Dranspart irsNeW Zedlahd: Oppaqrtonities for

alternative technologieand the standard energy conversion rate of 3.6MJ in 1kWh.

CQ emissions ee not specified in the Euro standard for large vehicles. PwC have assumed that diesel emissions
(kg/CQ) per MJ are 0.07325. This figure was Weallor ced from
Wheels Analysis of Future Automotive Fuels and Roaves in the European ContewC used Donovan’s
efficiency values (in MJ/100km) and the European Commission kg&t@®1J value (0.07325) to convert to kg
CQperkm.PwCassumed based on t he vy ethatthiovllue Bpplredty Buro'Vastdarde por t
vehicles They thereforeadjusted each Euro generation pritmr Euro o be 5% worse antbr Euro VI to b&%

better. Hybrid emssions were calculategsingthe same methodPwC assumes, based on Dono
values, that conventional hylatidieselelectric buses as 30 percent more efficient than Euro V dieBlés.

Wrightspeed hybrid buses are assumed to be 83 percent more efficient than Euro VI diesel buses. This is based

on the conservative end of NZ2es®Biluonly reedeooperatmasing t hat t he

hydrocarbonf u e | 0 to 17 percent of the ti me. I't has not beece

PwC calculated the emissions from electrigigneration but for the purposef thisreport, only tailpipe

emissions were analysed.

~kghm_|
e MR I T T
Pre-Euro 18.2 32.2 1.64 1.25
Euro | 18.00 4.40 32.00 1.44 1.05
Euro Il 15.33 4.22 26.83 0.58 1.01
Euro Il 7.70 2.42 18.33 0.37 0.97
Euro IV 5.25 1.61 12.25 0.07 0.92
Euro V/VI 4.88 0.97 3.97 0.05 0.86
Trolley 0 0 0 0 0
Battery dectric 0 0 0 0 0
Conventional lybrid 3.50 0.30 0.93 0.02 0.62
Wrightspeed hybrid 0.81 0.07 0.22 0.01 0.14

Table 2.Tailpipe emissions by bus and emissi type
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