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Introduction

This technical note applies a carbon reduction lens to the overall programme and to the four
transformational programme options. It draws together an overview of the work undertaken to
understand the carbon reduction implications of investment in Let’'s Get Wellington Moving (LGWM). ;(L

Prior to the public engagement at the end of 2021, a range of tools and approaches were used to
consider the impact on carbon reduction that might be expected from the LGWM investment propbsa
The multi criteria assessment of the four options was informed by initial transport modelling oytputs,
together with qualitative tools to provide a fuller picture. They included the Climate Assessm@
Transport Investment, a qualitative tool used to assess the level of climate positive and ¢li egative
elements within a programme, and a Comparative Cities analysis which compares Welli%ﬂ to 15 other
cities with comparable populations, densities and in some cases topography, that h invested in mass
rapid transit (MRT). %

*
Further work has now been completed, incorporating refinements to the appr@&}to transport modelling
to further reflect the transformational nature of the programme.! This report ils the revised carbon
emissions impacts of the LGWM programme in order to support decisio rs identify their preferred
option for the completion of the MRT and State Highway Improvemer{ ombined Indicative Business

Case — the Transformational Programme. s\o

Background
LGWAM is an initiative between Wellington City Council, &%}Wellington Regional Council and Waka
Kotahi New Zealand Transport Agency, together with n@ henua partners Taranaki Whanui ki Te

Upoko o Te lka and Ngati Toa. LGWM seeks to delj investment that supports Wellington’s

aspirations for how the city and region looks, f functions.

The LGWM programme’s geographical sc nds from Ngauranga Gorge to Miramar in the east,
including connections to the central city, p gional hospital and international airport, and a number of
core multi-modal corridors connecting central city with suburbs to the north, south, east and west.
However, the programme is set withj der city and regional context when it comes to trips, networks,
land use and outcomes. \

Our vision is: “A great harbo ity, accessible to all, with attractive places, shared streets, and efficient

local and regional journey§
The following objectiv weightings have been agreed for the LGWM programme:
e Carbon €missians and mode shift: 40% - Reduces carbon emissions and increases mode shift by
reducin&ance on private vehicles
o Li ility: 20% - Enhances urban amenity and enables urban development outcomes
° %’ety: 15% - Improves safety for all users
@\ Access: 15% - Provides more efficient and reliable access for users

Q‘ e Resilience: 10% - Is adaptable to disruptions and future uncertainty

Y Information about the approach to transport modelling is contained in the Preferred Option Report — Modelling
Appendix.
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While all the above objectives are critical for the programme, the significant relative weighting given to
carbon emissions and mode shift signals the importance of this objective to LGWM partners in the
context of a climate emergency and national, regional, and local carbon reduction targets.

The LGWM programme comprises: %L

e a 3-year programme of early bus priority and active mode improvements (including Golden
Thorndon Quay & Hutt Road);

o City Streets — rolling out bus reliability and active mode improvements in the central %{\d on

key routes to suburbs; and
e a Transformational Programme of larger elements that will help shape future OWE, transform
our city and significantly change how we get around, including MRT. 6

*
The key differences between the four programme options within the Transformq" | Programme are

identified in Table 1 below @.

Table 1: Summary of the differences between the four options for@;WM Transformational
Programme

' Option 2 | Option 4

Grade separated Grade separate\
L 2

Grade separated  At-grade

Mt Victoria - -

Tunnel New tunnel New tusn{()\ Existing tunnel Existing tunnel
MRT City to Light rail, via 5@1 [blrg(rjar;sn, Light rail, via Light rail, via
South Cambridge Tce 9 Cambridge Tce Taranaki St

ce
MRT East Enhanced bu\@ Bus rapid transit, Enhanced bus, via Enhanced bus, via
new tunnel via new tunnel Hataitai bus tunnel Hataitai bus tunnel

For greater detail abou bansformational Programme options as well as the wider LGWM
programme, please§ the LGWM Programme Affordable Short List Options Report.?

Why is redu arbon emissions and increasing mode shift away from private

vehicles s n important objective for LGWM?
At the na evel, the government has declared a climate change emergency, and has committed to
urgent@etion on reducing emissions. Enactment of the Climate Change Response (Zero Carbon)

nt Act in 2019 has set a target for NZ to achieve net zero emissions by 2050 (for carbon
emissions) and the government is currently developing an emissions reduction plan (ERP) that
set out the policies and actions needed to meet this target.

2 Transport is responsible for around 43 percent of total domestic carbon dioxide (CO2) emissions, and
20 percent of total greenhouse gas (GHG) emissions®. Therefore, transport emissions need to fall
significantly, and quickly, to achieve our emissions reductions commitments and targets.

2 Available at: https://lgwm.nz/all-projects/mass-rapid-transit/related-documents/
3 Emissions Reduction Plan discussion document 2021 - MfE
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The government’s draft ERP includes three focus areas for reducing transport emissions by 2035, the

first of those being ‘Reducing reliance on cars and supporting people to walk, cycle and use public

transport’ with an associated target: Reduce vehicle kilometres travelled (VKT) by cars and light vehicles

by 20 per cent by 2035 through providing better travel options, particularly in our largest cities. A key

action identified in the draft ERP within this focus area is to ‘progress Let's Get Wellington Moving, (L
including the delivery of bus priority measures and the planning of mass rapid transit’. The final ERPA %
due to be released in May. @

At the regional level, the Wellington Regional Land Transport Plan 2021 targets seek a 35% rﬁtion in
transport-generated emissions, alongside a 40% increase in the mode share of public trans@ d

active modes, by 2031 ?
Wellington City Council has adopted Te Atakura — First to Zero, a blueprint to makeQm ton City a
zero-carbon capital by 2050. As part of this, WCC has committed to a 57% reduc emissions by
2030. Both councils have declared a climate emergency to reflect the urgenc problem

in the Welllngton region, accounting for 40% of all emissions in the regi 48% of emissions in
Wellington city*. Between 2001 and 2019, total transport emissions r 14%, with road emissions
from petrol and diesel use increasing by 8 percent.® The current does not put the city or region
on track to meet any of these emissions targets. © K

Action is needed now to meet these carbon commitments. Transport is th; st source of emissions

Figure 1: Doing nothing — the problem does not just %1 : Wellington region VKT’
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4 LGWM Programme Report

5 Wellington Region Greenhouse Gas Inventory 2020

6 Emissions Reduction Plan discussion document 2021 - MfE

" Data from Wellington Transport Strategic Model, Wellington Analytics Unit.
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Figure 1 above shows that, under the do-minimum scenario, regional VKT for light vehicles is projected
to increase by more than 55% from 2.8 to 4.4 billion kms from 2021 to 2074. For heavy vehicles, regional
VKT is projected to more than double from 180 million to 375 million kms over the same period.®

mode shift away from a reliance on private vehicles. As identified in the draft ERP, a focus only on
reducing carbon emissions does not account for the ongoing impact of fossil fuel powered vehicles
New Zealand vehicle fleet, or the impact that congestion has on producing emissions. New Zealants
vehicle fleet is comparatively old and turns over comparatively slowly. \

Figure 1 shows why the LGWM objective seeks both to reduce carbon emissions directly and to increa%L

We cannot rely on the transition to electric vehicles and decarbonising the vehicle fleet -ghi Gﬁ not be
fast enough, even with current incentives.®

Figure 2: Doing nothing — light vehicle emissions drop, but not fast enoughlooo
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Figure 2 above sho %across time, CO2 emissions per km from light vehicles are projected to
decrease due tQ a Mj efficiency improvements and electrification. However, this doesn’t start to
accelerate until r around 2030. This is not fast enough to meet Wellington City’s commitments,
Wellington’s al commitments, or New Zealand’s national commitments.

,b"o

%
%

Q.

8 Results are based on interpolation of 2013, 2036, and 2046 results from the Wellington Transport Strategic Model
and assumes 0.5% annual VKT growth post 2046.

® lbid

10 Data from Wellington Transport Strategic Model, Wellington Analytics Unit.
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Figure 3: Doing nothing — heavy vehicle emissions are on a slow decline!!
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Figure 3 above highlights the slow expected decline f@on emissions per km from heavy vehicles.

Transport investment, and the denser urban f enables have an important role to play in
reducing carbon emissions. Not only does i t in infrastructure for active modes and for zero-
emissions public transport reduce emissio can stimulate a change in urban form to greater

density living, which further reduces deman®=6r private motor vehicle use — electric or fossil-fuel
powered.

Reducing the amount of travel th pIe do in fossil-fuelled vehicles is key. The greatest opportunity
for transport emission reductlo comes from our large cities where population densities provide
economies of scale for publi sport and people are likely to have more choice. By improving public
transport, walking and cy ptions and managing demand we also realise much wider benefits such
as travel choice and a ility, better health and safety, and less congestion, which all improve the
liveability of Wellingt

What’s the r@of LGWM in contributing to carbon reduction and mode shift
goals?

The LG rogramme sits alongside a much broader regional investment programme to significantly
impr blic transport and active modes, and shape urban form. Examples include: Te Ara Tupua,
e‘c many more active mode trips between our two largest cities; the regional rail programme, with

lated opportunities for more intensive transit-oriented development around stations; and other
@or land use transport integration projects like RiverLink, Access Kenepuru and the Eastern Porirua
regeneration programme. Together these projects and other programmes are expected to cumulatively
influence mode shift and emissions for the region.

Wellingtonians are already high users of public transport compared to other New Zealand cities,
particularly for commuter trips to central Wellington city. Our regional rail network, relatively contained
urban form and strong central employment hub in the Wellington CBD contribute significantly to this. The

11 Data from Wellington Transport Strategic Model, Wellington Analytics Unit.
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Wellington region has the highest mode share for public transport, walking and cycling for all trips
compared with other cities in New Zealand,'? and these modes account for over half of trips to the CBD
during the morning peak.t?

This context needs to be acknowledged when we look at the role of LGWM in reducing emissions, and (L
the expected level of mode shift and VKT reductions from the programme. Achieving a significant %
increase in public transport and active mode share will be challenging starting from a high base, o%
investment needs to be transformative in a way that shapes future land use. As our population gr

need even more people in the region to live in locations close to the things they need, so theyy\é:etravel
shorter distances and can choose active modes or public transport for more trips, seven day@ ek.

e

The MRT component of the LGWM transformational programme will provide the catalyst??lgnificant
urban development and intensification along key corridors to the south and east of centre. The

programme options have been developed with scenarios exploring the addition o en 16,000 and
21,000 new homes in locations along the MRT corridor where people can liv @cess a wide range
of jobs, services and facilities without needing a car.

The mode of MRT is important: light rail-based MRT is more likely to de, reater density than bus-
based MRT. This is explored in more detail in other LGWM reports 14

Achieving this level of intensification will rely heavily on other as |ke land use policies and urban
development mechanisms, and supporting infrastructure b ided — like three waters and other
social infrastructure.

Travel demand management and congestion pricing*® (b

To unlock the full carbon reduction benefits of M infrastructure investment, we will also need to
consider travel demand management tools. M programme is investigating the potential for road
pricing measures, like a congestion charg caling up our travel behaviour change programmes.

Analysis suggests that a congestion ch@e could be expected to provide further reductions in VKT and
associated carbon emissions.

More planning and detailed desj zx'required to inform further transport modelling to quantify the impact

that road pricing measures rther travel behaviour change would have on the reduction of carbon
emissions. Priced travel management, like congestion charging, would be implemented in a
similar way no matter ansformational Programme option may be advanced, therefore, this factor

is not a point of differghtiation between the programme options. It is already clear, however, that a high-
quality, high-ca ac'm&xtensive public transport network and active modes networks are necessary
precursors to t@\p ementation of road pricing measures

Our app to assessing the carbon reduction and mode shift contribution of
the L programme
T. n analysis work completed as part of the IBC has sought to understand the potential impact of

investment on emissions at both a programme level and comparatively across the four options in

transformational programme
2 The carbon emissions that arise over the whole of life of land transport infrastructure projects can be
categorised into the following:

12 Keeping Cities Moving 2019, Waka Kotahi NZ Transport Agency

13 Wellington RLTP Annual Monitoring report 2021

¥ LGWM Programme Affordable Short List Options Report, Ibid.; Urban Development Summary Report, October
2021, available at: https://lgwm.nz/all-projects/mass-rapid-transit/related-documents/
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e Construction emissions — those associated with construction materials and construction activities
that occur over the duration of the construction. Together these are often referred to as embodied
emissions.

e Operational emissions — those associated with the materials and activities required to operate (L
and maintain the infrastructure over its service life %

e Enabled emissions — emitted by the vehicles using the infrastructure / transport network oh@
service life. For this project, where vehicle use reduces due to mode shift (for exampl shi
from private vehicles to public transport or cycling/walking), the reduction in vehicle e&’ﬁs}ons
has been calculated (i.e. the vehicle emissions that have been avoided by the m% ift).

Emissions will reduce over time as the fuel efficiency of the vehicle fleet changes. Q

Methodology for the estimation of carbon emissions . O
Transport modelling underpins our analysis 6'\

Transport modelling for the preferred option decision has focused on tv@gramme options from the
LGWM Programme Affordable Short List Options Report as ‘bookendgN Option 1 as the highest cost
with the largest infrastructure footprint, and Option 4 as the low ith smallest infrastructure
footprint. Two land use scenarios have also been identified — ¢ d intensified.

It assumes the same level of population and e ent growth along the MRT corridor as the
Do Minimum, which is informed by recent reqi opulation projections; it does not include any

e The core land use scenario provides the base re:%Its orted for the LGWM programme option.
additional growth generated / enabled b%tr sport investment.

e The intensified land use scenario was~¢feated to test the impact of high density residential and
commercial development occurringfalong the MRT corridor, assuming up to 26,000 additional
dwellings. It should be considered asa ‘what if’ scenario rather than an attempt to predict the

% the infrastructure improvements.

level of intensification stimula
The carbon impacts from this upd modelling work are presented in this technical note. It should be
noted that these are still just scenarios and present plausible outcomes that could be achieved given a

particular set of assumptié
For the intensified lan cenario, it was assumed that the population of the Wellington region would
be the same in 2046 ssumed under the Do Minimum land use scenario. The main difference is that
the population %’stn on (i.e. where new growth would be located within the region) would change in

response to th narios, focussing growth along the MRT corridor. *°

This appr i5 considered best practice in order to understand the contribution that the programme
itself ¢ nerate, particularly in relation to carbon emissions, compared to a Do Minimum scenario.

ItN @epted, however, that the intensification scenario assumes the future population redistribution
@ s without further intervention. Another plausible future scenario could be one where the

sformational programme increases the overall growth rate for the Wellington region, with this
additional growth being focussed on the MRT corridor. It is proposed that the detailed business case
(DBC) explore these scenarios further.

15 An additional 200,000 people living in the region by 2046 — Source: LGWM Programme report
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Both the modelling approach and the qualitative tools provide useful insight but do all have limitations
when it comes to understanding a large and complex transformative investment like LGWM. These are
discussed in the Limitations section below.

Embodied emissions %L
oA

The embodied carbon analysis prepared for the LGWM programme was a high-level comparison
between programme options using quantity estimates of concrete and steel: the materials that h
most embodied carbon.

the volumes of concrete and steel on each individual project within the programme optio r
calculated. The emissions associated with the raw materials, manufacture and transpgyt of these
materials were calculated by applying an emissions factor (tons of CO2 emitted p \%e of concrete,
for example). Emission factors were developed by the design team based on |6 ppliers’
Environmental Product Declarations and assumptions about transport dista d mode (for example,
concrete was assumed to be transported by road from local plants in Well':g ). Using these emissions

The design team estimators provided early bill of quantities estimates of materials volun'%go which
e

factors, an estimate of the total emissions embodied in each option wa ed by assuming that the
embodied concrete and steel emissions would make up approximatel&‘-| % of the total project
emissions, and that 30% of the total emissions would be attribut b@ el use during construction.

In summary: \Q

e MRT vehicles are heavy: large amounts of carbo\Qtensive materials are required for
foundations, regardless of mode. ’\@'
I

e The programme options with tunnels h ‘@iggest overall embodied emissions because of
3& s and the earthworks involved.

the quantity of materials involved in t

e The estimates are considered indic at this stage but are broadly consistent with estimates
derived for other major constructi@n projects. Please see the Limitations and Assumptions
section below for further in about the assumptions made to enable estimation.

Operational emissions \

The main operational emi i@gor bus rapid transit and light rail transit — the two forms of MRT
considered within LGWM e those emissions associated with the electricity required to run the
system. Based on expériénce with other projects, and given New Zealand’s high proportion of renewable
energy, these are like be only a small part of whole-of-life emissions. Further, as the level of
operational emigsionSis unlikely to materially distinguish between the programme options for MRT they
lated at this point. Operational emissions will be formally calculated and optimised

aring the modelled predicted future traffic flows (with the MRT in place, referred to as the
Qn“programme option” or "do-something"” scenario) against the traffic flows expected without the
programme in place (referred to as the "do-minimum" scenario).

Tﬁx@ential change in enabled emissions attributable to each programme option is calculated by

To estimate the reduction in enabled emissions attributable to LGWM interventions, the VKT outputs
from the Wellington Transport Strategic Model traffic modelling have been used as inputs to the Vehicle
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Emissions Prediction Model (VEPM) which provides a prediction of the emissions profile of New
Zealand’s vehicle fleet over time. 1°

VEPM was developed by Waka Kotahi and Auckland Council to predict emissions from vehicles

about the make-up of the vehicle fleet from the Vehicle Fleet Emission Model provided by the Minist

in the
New Zealand fleet under typical road, traffic and operating conditions. VEPM relies on assumptions %L

Transport. This includes assumptions about how quickly electric vehicles will enter the New Zealgn
vehicle fleet, as well as the level of carbon emissions from vehicles powered by internal combusti

engines. \'

Further information about the limitations of the analysis using VEPM is contained in the v@b

Assumptions section below.

*

Application of the quantified analysis OQ
The following steps have been followed to produce the quantified results beloﬁ&\'

ns and

1. The Wellington Transport Strategic Model produces VKT estimat %.t vehicles only) by:

a. Preferred option Modelling Scenario é
b. Daily AM /interpeak / PM 2 hour peak Q‘\

c. Transport model sector

2. VKT for each sector/scenario extrapolated to using annualisation factors

3. Average network speeds for each sect ‘%g‘\) tracted from Wellington Transport Strategic
]

Model for later use in VEPM to obtai

4. VKT per year interpolated between elled years

n rates— speeds kept consistent across options

5. Emission rates [CO2 e g/kr@/EPM 6.2 applied to VKT [km] to produce outputs in CO2 e

tons?’ \

a. VEPM emissi@{qtes for light vehicles vary by year and speed

b. Light vehia €Y peeds for each Wellington Transport Strategic Model sector applied to get

yearly al/eéxage emission rates for each sector

6. Embodi e??b%ions introduced at 2028, split evenly over construction period

The estimat olumes of embodied carbon emissions are assumed to be emitted at the same
average r oss the period of construction assumed for each programme option. We do not have
suffici il to accurate estimate when construction emissions would in fact be produced.

E’Q@j carbon emissions savings for each programme option are assumed to ramp up across the
ruction period progressively, with 2.5% of the savings achieved each year across the construction
od. Upon opening, enabled emissions savings increase progressively across the first three years of

operation to 100%.

16 More information about VEPM can be accessed at: https://www.nzta.qovt.nz/roads-and-rail/highways-

information-portal/technical-disciplines/air-quality-climate/planning-and-assessment/vehicle-emissions-prediction-

model/

7 VEPM 6.3 was released after this analysis was completed. Analysis during the DBC will use the most up-to-date

version available.
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As noted early, operational emissions have not been quantified at this stage of the analysis because of
insufficient information about the source of energy for MRT. Operational emissions are not expected to
distinguish between programme options.

Bringing embodied and enabled emissions together, carbon emissions are produced during constructi (L
while comparatively small amounts of carbon emissions savings are experienced as benefits from t (%
City Streets active modes projects are delivered progressively across the transformational progra Q
construction period. The ‘peak’ in carbon emissions will be experienced at the end of the constru

period, after which the new transport options stimulate change in travel behaviour, resulting ilyenabled

carbon emissions savings growing across time.

Programme-level carbon emissions estimate for LGWM Q '

The performance of the LGWM programme options modelled is displayed in Figu ?Iow showing the
projected cumulative carbon reduction in kilotons of carbon emissions compare @ do minimum
scenario for the entire Wellington Region.

Figure 4. Carbon emissions ‘payback’ — programme options and I@ scenarios compared

[WTSM Preferred Option Modelling & VEPME6.2 Emission Rates, Core & 'd Landuse, Light Vehicles Only]
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@J\e 5 below displays the same information but displays the y-axis as the percentage of regional
Q—smissions reduced by the LGWM programme options.
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Figure 5: Carbon emissions ‘payback’ in regional emissions percentages — programme options
and land use scenarios compared with a different lens

[WTSM Preferred Option Modelling & VEPM6.2 Emission Rates, Core & Intensified Landuse, Light Vehicles Only]
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Both figures show that, under the core use scenario, Option 4 shifts sufficient journeys to active
modes and zero carbon public tra recover the enabled carbon consumed through construction
by 2045. Options 1 and 2 pay badx] It enabled carbon by 2055, taking longer due to the higher level of
carbon assumed to be require struct the additional infrastructure in these two options.

Under the core land use s aII options perform in a broadly similar way. While Option 4 is
projected to deliver net arbon ahead of Options 1 and 2, we can see that the gap between these
options narrows acro, e as the performance of Options 1 and 2 gradually catch up to Option 4.

On the other h intensified land use potential ‘range’ shows a substantially faster payback period,
along with su ially greater total enabled carbon savings.® In the best-case scenario, payback is
predicted to @chieved in 2033 while in the lower-case scenario, payback is reached in 2036. The
intensifie use projections show the potential to deliver a reduction of more than 700 kilotons CO2e,
or a%e ately 3 — 4% of cumulative regional emissions compared to the Do Minimum scenario.

nsified Land Use Scenario was built around Option 1 and is also considered to be broadly
esentative of the performance of Option 2 in a similar situation. Option 1 is considered to perform
Q—more towards the ‘top’ of the Intensified Land Use Scenario band (most carbon emissions savings) while
Option 2 is considered more likely to perform more towards the ‘bottom’ of the Intensified Land Use
scenario band. We have less confidence about the accuracy of the Intensified Land Use Scenario in
analysing the performance of the other programme options.

18 Modelling assumptions for the Intensified Land Use Scenario are detailed in the Preferred Option Report —
Modelling Appendix (page 9 onwards).
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The above results, along with some additional data points are summarised in Table 2 below.
Table 2: LGWM Option performance across outyears

Land use

. Intensified
Scenario

Option 1/2 Option 4

1.1% 0.5%

Key Q
More carbon ®\\

Break even year
Less carbon \
Timing tradeoffs O

The analysis undertaken for LGW inforced the importance of timing and sequencing for carbon
reduction and supporting mode sh& ay from private vehicles.

The assumptions that underpi %PM and the Vehicle Fleet Emissions Model drive the importance of
timing — because the vehi t contains a growing proportion of low / zero emissions vehicles, and
because this proportions ected to rise continuously, vehicle trips converted to non-car modes are
only beneficial from iCt carbon perspective if they come from someone that would otherwise have
driven a fossil-fuel p%ered vehicle. Electric vehicle trips diverted to public transport have no carbon
benefit — this s the carbon benefit of vehicle trips diverted to public transport in the future declines
as the mode me that the proportion of zero emission vehicles in the fleet rise year on year.

Carbon @ions need to be reduced quickly to support New Zealand to achieve its carbon reduction
commi ts. The various commitments of the three LGWM Partners vary from each other in timing and
[ . Itis not appropriate for this programme-level analysis to make the tradeoff between these
%«ng targets with their differing time commitments and different options for meeting their

mitments.

E LGWM does not deliver sufficient carbon reductions to entirely meet any of the Partners’ commitments to
reduce carbon emissions — an indication of the significant task to meet these objectives. Investment in
LGWM programme options is also not the only intervention by any of the Partners that seeks to reduce
the production of carbon emissions.

It is not within the scope of the LGWM programme analysis to identify whether investment in any of the
LGWM programme options is a more or less efficient means of reducing New Zealand’s carbon
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emissions than any of the Partners’ other carbon reduction projects (for example, faster electrification of
the bus fleet, further infrastructure support for electric vehicles and / or car sharing; higher subsidies for
the uptake of electric vehicles, etc).

Carbon emissions avoided in Wellington from, for example, investing in less embodied emissions (L
(Options 3 or 4 over Options 1 or 2) are only beneficial to the extent that they are not emitted anywh %
else in New Zealand — the cap on carbon emissions in the Emissions Trading Scheme is likely to Q

more influential than selecting a LGWM programme option on the basis of lower levels of embodi

carbon. This is particularly so given that, if the density enabled by the intensification scenario §

achieved, embodied emissions make up a small proportion of the total enabled emissions s@a

At the IBC stage, there remains significant uncertainty about design considerations that Wgﬁbstamially
e

affect the level of carbon consumed (embodied emissions) and carbon saved (redu nabled
emissions) by LGWM programme options. Regardless of this uncertainty howeve programme
analysis clearly shows increasing the density of Wellington City is more likely er an urban form

that is lower carbon than the alternative of enabling urban growth on greenfi

Advancing a programme option that enables behavioural change soon@er than later — for example
by publicly committing to advancing MRT — will start to deliver enabl ISsions reductions earlier. Our
transport modelling is not able to capture this benefit (for further of these under-counted
benefits, the Economics Technical Report identifies these benefi an economic perspective).
These early benefits will be the subject of further investigatlxn guantification during the DBC phase.

Comparative Cities: What can we Iearmf@@ oking at similar sized cities who
have implemented Mass Rapid Tran%
|

Internationally, cities have experienced m success through the provision of supporting transport
infrastructure. Among the work reviewed byshe€ LGWM programme is analysis undertaken by Wellington
City Council that compares Wellington 5 other cities with comparable populations, densities and in
some cases topography, that have\&d in MRT.

This work found that in cities w, &gnificant investments in active and public transport networks,
including MRT, had been % ar’ mode share was relatively low (all below 60% where cities have
invested in light rail MRT s) and ‘non-car’ mode share relatively high, compared with Wellington
which had a car mode of 72% in 2018.

It is important to no@»at much of the non-car mode share comes from active transport across these
cities. Active moéles, particularly walking trips to Wellington City CBD at peak times also make a
significant ¢ ion to Wellington’s non-car mode share currently. However, looking at the
comparati s with light rail (below), all their public transport mode shares exceed 11% for public
transp %ompared to Wellington’s 4% of all trips.

N
c
&

Programme Level Carbon Considerations for Let’s Get Wellington Moving Page 14



Figure 6: Comparative Cities analysis — Wellington transport mode share compared
internationally

Nantes, France 16% 32% 52% %1/

Dublin, Ireland 21% 22%

Grenoble, France 17% 35%

Erfurt, Germany 17% 47%
Utrecht, Netherlands 16%
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Lausanne, Switzerland

Nice, France

Wellington, New Zealand 8%

3
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One of the comparative city case i as Grenoble, France - where 700km of cycle lanes and 4 light
rail lines/extensions have been c ted since 1987. Grenoble, a city with 47 km of MRT network
achieved a 23% reduction in cﬁon missions between 2005-2018. Wellington achieved only a 7%
reduction over a similar, s ig@ nger, period.

ful additional tool with which to consider what might be possible with
similar sorts of chan nother location — it does not provide a forecast of what will happen. While the
cities identified jn t mparative analysis have all been chosen due to the similarity of their
characteristics ellington, this analysis is only provided as an example of what might be possible
should similasy tment be undertaken in Wellington.

Comparative analysis i

Mass id I'ransit investment impacts in Auckland

Zealand context, successful rapid transit investments include the 6.2 km dedicated Auckland

rn Busway which opened in 2008 with subsequent very strong patronage growth and mode shift

Q‘a North Shore to the CBD. The patronage on the busway has also significantly exceeded forecast
emands.

Significant investment in upgrading Auckland’s rail system over the 10-year period from 2001-2011
demonstrated the willingness of Aucklanders to change their travel habits and use rail, with patronage

Programme Level Carbon Considerations for Let’s Get Wellington Moving Page 15



increasing from 2.2 million trips million per annum to 9.5 million, a growth of 332 per cent!®. Prior to the
Covid pandemic, Auckland’s rail patronage was regularly approaching 2 million trips per month?°.

Looking at case studies both overseas and at home helps to give us confidence that investment in MRT
can contribute to significant improvements in mode share and carbon emissions outcomes for (L
Wellington. q%

Conclusion

LGWM Transformational Programme performance: carbon emissions reduction and mode shj

The LGWM programme sits alongside a range of initiatives across the region to reduce

emissions by improving transport choice, managing demand, and shaping land use and ugpan form. We
will need all these programmes and projects to cumulatively deliver emissions reducfions if we are to
achieve national, regional and city carbon targets. .\O

Shaping our cities and towns is key to improving the overall efficiency of the@eport system. Meeting
the housing needs of a growing regional population while reducing carbo sions will require a
response both within Wellington City and across the region.

The Wellington Regional Growth Framework expects approxim I@S-thirds of the housing growth
over the next 30 years to occur in existing urban areas throughyi rban renewal and intensification,
and approximately one-third of the growth in greenfield are%ﬂt nding the current urban footprint of
the region. The greater the urban densification enabled &s ulated by the LGWM programme,
together with intensification in and around sub-regional es and around rail stations, the less
greenfield development will be required, and the mg \ sport emissions will be reduced.

&

The LGWM 3-year programme will make trav@%u lic transport and active modes much more
attractive and support mode shift to low-capfo des. However, it is the LGWM Transformational
Programme that will provide the foundatio % a fundamental change to the way urban form develops
in Wellington City, with associated sign@nt and sustained reduction in carbon emissions and other

important co-benefits over the medi ng term. A new MRT system and associated infrastructure
provides an important city shapin alyst for this change.
The more, new housing provj in Wellington City along the MRT corridor, the higher the number of

trips expected to be easil y walking and cycling and public transport given the proximity and
access to the region’slé centre and employment hub, Wellington City CBD.
n

Analysis has shown t der the core land use scenario, the embodied carbon of all of the LGWM
programme optie es a long time to be ‘paid off’ with enabled carbon savings. On the other hand, if
the density for under the intensified land use scenario is achieved, the Transformational
Programme@t e potential to deliver a reduction of over 700 kt CO2e or between 3-4% of regional
emission pared to the Do Minimum scenario. This is a significant contribution to regional emission

i the context of trip making across the wider region where private car is the dominant mode of
, on an annual basis, over 4 billion vehicle kilometres are travelled.

ortunities to reduce the carbon emissions created during the construction phase will be a key
jective for the DBC, as will be identifying specific actions that will support greater urban density to be
delivered along the MRT route as quickly as is feasible.

19 Auckland City Rail Link, Updated Economic Evaluation, 2011
20 AT Metro patronage report web-pax-dec-2021.xlIsx (live.com)
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Option differentiation

The LGWM carbon analysis shows that the degree of urban intensification achieved, followed by the

level of mode shift enabled, is the key differentiator between programme options, rather than the

performance of the programmes themselves. The degree to which the programme options are likely to (L
facilitate the assumptions underpinning the intensified land use scenario is a key factor for considerati

though not the only one:

a. Option 1 is likely to support very high levels of intensification along the southern corridgr withight
rail as the form of MRT and provides for direct public transport journeys and increaseé’éublic
transport capacity to the east to support mode shift to public transport and intens?

b. The bus-based form of MRT proposed in Option 2 is assumed to provide les ity and less
urban development than light rail-based MRT. However, this option includ based MRT
both south and east and is likely to support intensification across both t éreas

c. The lower public transport level of service and capacity limits to the s\ﬂnder Options 3and 4
are likely to constrain the degree of intensification in the east. $
While the LGWM programme has found less scope for residential i | cation in the east, the
intensified land use scenario also supports greater employmentﬁg"‘I in the CBD, supporting more
productive, higher-paying jobs.?* To the extent that this suppo e intensification in the east, and
reinforces the primacy of the Wellington CBD as the employ centre it supports the need to provide

additional, reliable public transport capacity for current apthfuture eastern suburbs residents. Mode shift
is also important, alongside direct reduction in carbom %ﬁlons.

shift to public transport from the eastern subur orting the draft Emissions Reduction Plan
objective to reduce VKT by light vehicles. g commuter journeys from the eastern suburbs are
longer than from the south, which reinforceSsth€ importance of viable and reliable public transport
options for residents in the eastern sut@s to have low carbon travel choices and not to be reliant on
private vehicles.??

Infrastructure investment under Mt Victoria an%.@asin Reserve (Options 1 and 2) support mode
: : "

While Options 1 and 2 both ar :,}Tated to have higher embodied carbon than Options 3 and 4, in the
long run, embodied carbo Qiions are less important than the level of land use density each
programme option is ass@o enable and achieve — greater urban density produces significantly
greater carbon emis&Q ings than the carbon produced in construction.

The degree of mo redicted also cannot be ignored given LGWM'’s objectives, and the draft
Emissions Red jon Plan. Options 1 and 2 both include substantial investment in public transport
provision to a th but also to the east — the new Mt Victoria Tunnel in Options 1 and 2 delivers a
threefold | e in dedicated public transport capacity to the eastern suburbs without increasing

pnvate@ e capacity.?®
T y difference in carbon emission performance between Option 1 and Option 4 is embodied
ions from construction. Option 1 embodies more carbon upfront and takes longer to construct than
|on 4. Nevertheless, the enabled carbon performance of the intensified land use scenario is
ignificantly higher than the difference between Option 1 and Option 4 — between 2026-2046 model

21 Economics Technical Report.

22 preferred Programme Option Report — Modelling Appendix

23 preferred Programme Option Report — Modelling Appendix. The form for the proposed Mt Victoria Tunnel will not
be determined until the DBC stage — should it be preferred. Neither of the two high-level designs provide for
additional private vehicle capacity though final designs may, subject to network conditions, provide for some more
direct journeys for some private vehicle users. This will be explored in detail during the DBC.
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years, enabled carbon reductions each year under the intensified land use scenario are around
50 kt CO2e, or nearly half of the estimated embodied carbon for Options 1 and 2.2

Limitations and assumptions (1/

According to the Treasury: %
“The indicative business case provides decision-makers with an early indication of the pre&@
way forward for high value and / or high-risk investment proposals... The information pres dis
indicative only [emphasis quoted]. It provides the decision-makers with just enough in ation to

consider change and agree the short-listed options for further analysis, or to decide Rot 0
proceed with the project, before too much work is done.”?®

The level of analysis — and the accuracy with which we can project future outcomes necessarily
limited at the IBC stage. The purpose of the IBC is to provide sufficient informaiio@ arrow the range
of detailed analysis, not to provide certainty. 5\\'

The quantification of embodied carbon has relied on high level estimates @ %ntities of traditionally
carbon-intensive materials: construction fuel, concrete and steel. Witho@tdetailed design for all options,
these estimates are subject to wide error ranges so these calculatiguSshould be regarded as high-level
estimates only. Subject Matter Experts considered the impact o ﬁv died carbon in the Multi-Criteria
Analysis undertaken to identify the Programme Affordable Shosth ptions. Through this process, the
Subject Matter Experts identified that Options 1 & 2 were b@imilar to option V1A, and that Options
3 & 4 were broadly similar to Option V3A. Consequently, for thé embodied emissions quantification,
Options 1 & 2 are assumed to be the same, while Opti & 4 are also assumed to be the same.

"\

This is a simplifying assumption to enable quaniifi . the LGWM programme team acknowledges
that the programme options will have different x}of embodied carbon. At this stage in an IBC,
however, the embodied carbon estimates fi rogramme options are not sufficiently different to alter
the overall carbon analysis between the op because the level of embodied carbon emissions is
much lower than the emissions th@ or discourage from the use of infrastructure. Using VEPM

and estimates of VKT from the Wellj Analytics Unit models, embodied carbon is estimated to be
between 0.2% and 0.5% of enablb& rbon emissions savings from the programme options over 40

years. K

Design finalisation introd portunities for embodied carbon reduction though improvements in
materials and design p , which is required under the Waka Kotahi Sustainability Rating Scheme.
Tradeoffs will be possible in the use of materials. Some emissions-reducing technologies are already
market-ready, such\asjlower-emissions concrete mixes with Supplementary Cementitious Materials
replacing Portl Cement, the use of recycled steel for reinforcing, and the increasing availability of
electric con n machinery. The DBC phase will investigate the viability and likely cost of such
tradeoffs.

The ton Transport Strategic Model, augmented with additional microsimulation modelling,

the basis for assessing the quantitative impacts of the LGWM programme options on VKT and
ed carbon reductions. In general, strategic models will struggle to represent transformational

nge — such as that proposed with investment in MRT. The Wellington Transport Strategic Model
utputs forecast the impact of the programme options on demand for different transport modes. There

are inherent limitations forecasting future behaviour, particularly in the outyears of the model forecasts.

24 Wellington Transport Analytics Unit analysis for LGWM Programme.

25 Better Business Case Indication Business Case Guidance (Sept 2020); accessed at
https://www.treasury.govt.nz/information-and-services/state-sector-leadership/investment-management/better-
business-cases-bbc/bbc-guidance/project-indicative-business-case-ibc
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This is because the model relies on underlying assumptions about transport consumers’ demand /
preferences for particular modes.

MRT does not currently exist as a transport choice for Wellington transport consumers south of the
Wellington Railway Station, while the City Streets investments will join up previously incomplete cycli
routes to create a network. These investments will fundamentally alter travel patterns and modal
choices, particularly if they succeed in encouraging the faster development of denser housing op
located along the MRT corridor, in close proximity to employment, education and services. It isedifficult
for a transport model to accurately project travel patterns in such a dynamic environment. 0

The LGWM programme options all introduce significant investments in city-shaping forms of transport — (L

The impact of changes to urban form are only partially captured within the transport mod%rﬁ outputs
that form the inputs for the quantification of carbon emissions. This analysis is cons tive in the scope
of the carbon emissions savings calculated. We know, however, that denser resi | development
results in more public transport trips and more walking, cycling and micro-mo i is dynamic effect is
unlikely to be fully captured.

There are other carbon emissions savings that have also not been qu @t In this analysis, but which
we know will be supported, in part, by the expansion of high quallty d active mode networks:

o Denser development also makes more efficient use of o 5% rastructure, such as three-waters
pipes, energy networks and social infrastructure su ools, libraries, arts and cultural
facilities. Less geographic spread results in less . &I n — less embodied and operational
carbon emissions— better use — less carbon — ?bore PT and active transport use — less

A\

carbon per head of population.
%’the whole-of-life energy efficiency of denser
S\greenfields housing.?® 2'To the extent that LGWM

PDe developed, LGWM is contributing towards a lower

e There is a range of evidence that identj
housing is superior to that of standa
investments enable denser housing
carbon future.

LGWM scope does not include diraggﬁporting the achievement of greater urban density along the
MRT corridor. LGWM transport m ing identifies the transport benefits that come from the improved
accessibility provided by the LGWM programme infrastructure investment, however, due to the inability
of the programme to direcl nce urban form, these potential benefits have not been quantified or
monetised in this analysi oted, the intensified land use scenario should be considered a ‘what if
scenario, not a predictj hat will happen. Should the scope of the DBC be expanded to include this,
it can be undertake ing the DBC, ahead of any final decisions on the LGWM programme options.

Vehicle Emissi@Prediction Model

The Vehi %ssions Prediction Model (VEPM) forecasts emissions based off network average speeds
for eac | sector. This is a significant simplification because vehicles starting and stopping — such
asi sted conditions — has a large effect on emissions production compared to constant speed

t @s is assumed in the VEPM. This suggests that the estimates of enabled carbon reduction are
@to be conservative. The effect of assumptions about vehicle speeds is shown in Figure 7 below.

26 Ganda (2019). A Life Cycle Assessment of Medium Density Houses in New Zealand; available from:
https://researcharchive.vuw.ac.nz/xmlui/handle/10063/8649

27 BRANZ (2021). LCAQuick: Life cycle assessment tool.; available from:
https://www.branz.co.nz/environment-zero-carbon-research/framework/lcaquick/
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Figure 7: Carbon emissions rates — VEPM and 2050+ predictions

Light Vehicles CO2e Emission Rates - VEPM6.2 & 2050+ Predictions
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&
VEPM does not currently forecast emission yond 2050, primarily because of the difficulty of
making accurate assumptions about vehiclge flegt composition and emissions factors this far in the future.
Due to the longevity of LGWM transport motteffing, however, some predictions have had to be made to
support the quantification of enabled en@ions savings. The effect of these predictions beyond 2050 is
also shown in Figure 7 above. E [ ave been predicted to continue to taper down, however have
not been assumed to fully reach This reflects an assumption that the vehicle fleet will be dominated
by zero-carbon vehicles by 205Q, but that absent some form of regulation, there will remain a pool of
fossil fuel-powered vehicl ional internal combustion engine or hybrid vehicles).

By necessity, VEPM es some simplifying assumptions to support its useability. This includes
the following assumpt

o Electrifi@n of the fleet is 100% zero carbon — no account is made of the source of electricity.

o Emi @ns rates are nationwide, not regional, which may not accurately reflect Wellington’s

al vehicle makeup.
%,
>

Q.
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