metlink %®

Metlink bus fleet emissions

€ Creater
2024/25 (.’ Wellington
Environmental performance report

Te Pane Matua Taiao






&) st
\»9 ' Wellington

Te Pane Matua Taiao

Metlink bus fleet emissions
2024/25

Environmental performance report



Report prepared by: T Mitchell Senior Scientist Air o
Quality, Knowledge / /%L’[ZW

and Insights

Report reviewed by: P Blane Principal Advisor Bus /
Fleet, Metlink

Report approved for release [H Burns Acting Manager,
by: Assets &
Infrastructure,
Metlink Date: 24/09/2025

E Harrison Manager, Knowledge ‘4%,,«/\

and Insights Date: 12/9/2025

DISCLAIMER

This report has been prepared by Knowledge and Insights staff of Greater Wellington Regional Council
(Greater Wellington) and as such does not constitute Council policy.

In preparing this report, the authors have used the best currently available data and have exercised all
reasonable skill and care in presenting and interpreting these data. Nevertheless, Greater Wellington
does not accept any liability, whether direct, indirect, or consequential, arising out of the provision of
the data and associated information within this report. Furthermore, as Greater Wellington endeavours
to continuously improve data quality, amendments to data included in, or used in the preparation of,
this report may occur without notice at any time.

Greater Wellington requests that if excerpts or inferences are drawn from this report for further use,
due care should be taken to ensure the appropriate contextis preserved and is accurately reflected and
referenced in subsequent written or verbal communications. Any use of the data and information
enclosed in this report, for example, by inclusion in a subsequent report or media release, should be
accompanied by an acknowledgement of the source.

The report may be cited as:

Mitchell T. 2025. Metlink bus fleet emissions 2024/25: Environmental performance report. Greater
Wellington Regional Council, Publication No. GW/KI-T-25-26 Wellington.
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Metlink bus fleet emissions 2024/25

Summary

Metlink is committed to delivering an environmentally friendly bus fleet
across the region by reducing emissions of greenhouse gases and harmful
air pollutants from buses whilst increasing patronage.

This report summarises trends in greenhouse gas (CO. equivalents) and
harmful pollutant emissions from the bus fleet from August 2018 to June
2025. Emissions were calculated using the Metlink data warehouse which
tracks all bus trips.

Air quality monitoring trends along the bus corridor through Wellington’s
Golden Mile are also presented.

Key findings

e Between 2018/19 and 2022/23 CO.e emissions across the bus fleet
dropped by a third (33%). This trend of reducing bus emissions has now
reversed, with emissions in 2024/25 up by 13% compared to 2022/23.

e The rise in bus fleet CO,e emissions over the previous two reporting
years was due to more kms performed by diesel buses to meet
patronage growth.

e Electric buses performed 28% of the total fleet km in 2024/25, just
under a 1% increase from 2023/24.

e Bus operators Kinetic and Mana decreased their carbon intensity by
increasing electric buses services, resulting in lower CO,e emissions
per km. However, there was no further improvement for any operators
in the last two years.

e The increase in electric km across the network from 2021/22 lowered
harmful emissions (NOx and particulate matter) but this trend has
reversed due to growth in mileage performed by diesel buses.

e Air quality monitoring shows that levels of diesel particulate matter
measured onthe Golden Mile reduced by 43% from a 2020/21 baseline.
In the last two years, the trend of reducing air pollutants has reversed
as more diesel buses travel along the Golden Mile. In 2024/25 pollutant
levels were up by 15% compared to 2022/23 levels.
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Introduction

Diesel buses emit both greenhouse gases (which impact globally) and
harmful air pollutants (which impact locally and regionally). Increasing the
number of electric buses and the distance they travel relative to diesel
buses is key to improving the environmental performance of the Metlink
bus fleet.

Bus fleet emissions are tracked to report on two high level performance
measures in Greater Wellington’s Long-Term Plan (2024-34 LTP):

Metlink:
e Allcore service bus routes are electric by 2030.
Greater Wellington organisation:

e Gross emissions from the Metlink public transport fleet will be
minimised, reducing offsets required to reach net carbon neutrality.

The diesel bus fleet (excluding rail replacements) was 35% of GW'’s
organisational carbon footprintin 2023/24. Electrification of the bus fleet is
key to GW becoming carbon neutral with the co-benefit of reducing levels
of harmful emissions.

This report presents a range of performance indicators that show progress
towards bus fleet decarbonisation, trends in greenhouse gas emissions
and harmful emissions, and local air quality impacts.

Emissions trend calculation

Bus fleet emissions trends were calculated using outputs from the Bus
Emissions Model (v1) integrated within the Metlink data warehouse and
analytics platform as described in Section 6. The data for this report was
extracted in early September 2025 and represents the best available data
at this time.

Since the last emissions performance report (Mitchell 2024)", covering the
period August 2018 to June 2024, the Bus Emissions Model has been
refreshed to include updated bus fleet vehicle information. The emissions
trend has been re-calculated back to 1 August 2018. Therefore, emissions
trends reported here supersede those previously reported. Note the model
update does not affect the direction of emissions trends or conclusions in
the 2023/24 Metlink bus fleet emissions report.

1 Mitchell T. 2024. Metlink bus fleet emissions 2023/24: Environmental performance report. Greater Wellington Regional Council,
Publication No. GW/KI-T24/04 Wellington.
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Greenhouse gas emission performance indicators
Greenhouse gases (GHG) from bus emissions are:

e Carbondioxide (COy). The primary contributor to global climate change
produced by burning of diesel and petrol.

e Methane (CH,4) and nitrous oxide (N,O). Although emitted in smaller
quantities and shorter-lived than CO,, they are potent GHG which trap
more heat than CO,.

Bus fleet GHG emissions are reported as CO, equivalents (CO.e) which
include methane and nitrous oxide. Methane and nitrous oxide emissions
are converted to CO2e by multiplying by their Global Warming Potential
(GWP AR4) as follows: CO,e = CO, + (N,O x 298) + (CH, x 25).

The CO.e emissions performance indicator does not include GHG
emissions from upstream electricity generation used to charge electric bus
batteries.

Fleet decarbonisation CO.e emissions

This high-level indicator shows the monthly trend in CO.e emissions
declined between September 2021 to January 2023 as the proportion of
total in-service km by electric buses increased (Figure 3.1).

The large reduction in COze in 2020 was due to reduced services during
COVID-19. A smaller dip in COze in January to February 2023 was due to
bus driver shortages meaning reduced services and fewer km travelled.

Since 2023 CO.e emissions have trended upwards as kms travelled by both
diesel and electric buses have increased to meet passenger demand.

In 2024/25 CO,e emissions were up by 3.6% compared to the previous year
and up by 12.8% compared to 2022/23 (Figure 3.2.). This increase in CO.e
emissions reflects increasing service km performed by diesel buses.
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3.2
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Figure 3.1: Bus fleet CO.e emissions (tonnes) per month (August 2018
to June 2025)
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Figure 3.2: Bus fleet CO.e emissions (tonnes) by financial year

Distance travelled by electric and diesel buses

The quantity of CO.e and harmful emissions produced by the network is
determined by how far the buses travel and the proportion of the distance
travelled that is electric.

These indicators show the monthly and annual variation in the proportion
of in-service km travelled by diesel and electric buses (Figures 3.3 and 3.4).
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Although the proportion of total service km by electric buses has increased
across the network, the proportion only increased slightly in 2024/25
compared to the previous year (Figure 3.4).

In 2024/25 just buses performed just over 19.5 million km, an increase of
3.5% from the previous year. This increase in km was made up of 265,318
electric km and 396,300 diesel km.
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Figure 3.3: Bus fleet km (million) per month by fuel type (August 2018 to

June 2025)
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Figure 3.4: Bus fleet total km (millions) by fuel type by financial year
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3.3

Organisational carbon footprint reporting

Estimated diesel fuel use across the network by financial year (Figure 3.5)
is usedto calculate the annual CO-e contribution from Metlink diesel buses
to GW’s organisational carbon footprint?.

Organisational reporting is based on the GHG Protocol Corporate
Accounting and Reporting Standard in alliance with ISO 14064-1:2018
standards which calculates CO,e kg for GW’s GHG inventory.
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Figure 3.5: Bus fleet diesel fuel consumption (litres) by financial year

The GW organisational footprint includes CO.e from electricity generation
used to charge electric bus batteries. CO,e emissions for electric buses are
post calculated by:

e Estimating annual kilowatt-hours (kWh) by multiplying km travelled by
electric buses by a conversion factor of 1.075 supplied by Ministry for
the Environment (Table 3.1).

e Converting kWh to CO.e by the location-based method, ie, an emission
factor calculated from all electricity delivered to the national grid in a
year or quarter published by Ministry for the Environment (2024)3.

2 Ceelen, M. 2024. Greenhouse gas emissions inventory and management report. Greater Wellington Regional Council.
https://iwww.gw.govt.nz/assets/Documents/2024/03/IMR_2223_Greater-Wellington-Regional-Council.pdf

3 : Ministry for the Environment. 2024. Measuring emissions: A guide for organisations: 2024 detailed guide. Wellington: Ministry for the
Environment. https://environment.govt.nz/assets/publications/Measuring-Emissions-2024/Measuring-emissions_Detailed-guide_2024_ME1829.pdf
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Metlink bus fleet emissions 2024/25

Table 3.1: Metlink bus fleet electric km (excluding rail replacement)
and kWh by financial year

Financial year Electric km kWh
2018/19 162,231 174,398
2019/20 472,091 507,498
2020/21 463,908 498,701
2021/22 2,137,424 2,297,731
2022/23 4,173,703 4,486,731
2023/24 5,15,4219 5,540,786
2024/25 5,419,538 5,826,003

CO.e emissions per km

Network-wide

This indicator tracks CO.e g per km emitted each month as a measure of
carbon use intensity (Figure 3.6).

CO.e emissions per km reduced across the network from September 2021
as more distance was travelled by electric buses relative to diesel buses.
In 2024/25 network COze intensity was 585 g/km, lower than the peak of
877 g/km in 2020/21. In 2024/25 CO.e emissions per km increased slightly
as distance travelled by electric buses increased marginally relative to the
increase in distance travelled by diesel buses.
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Figure 3.6: Bus fleet CO.e emissions (g per service km per month)
(August 2018 to June 2025)
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3.4.2

3.5

Page 8 of 19

A common measure for evaluating the carbon footprint of different travel
options is CO,e per passenger km. This indicator will be reported in future
when more granular data on actual bus passenger occupancy is included
in the bus emissions model.

Operators

This indicator shows CO.e g per km emitted in service each month by bus
fleet operator (Figure 3.7).

Services provided by Kinetic became less carbonintensive from September
2021 when they added 51 electric buses to their fleet, replacing diesel
service km with electric. In July 2022, Mana introduced the airport service
which uses 10 electric buses.
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Operator: Kinetic Mana = Tranzurban Uzabus

Figure 3.7: Bus fleet CO.e emissions (g per service km per month) by
operator (August 2018 to June 2025)

CO.e emissions by bus route

Core bus routes provide high-capacity services within urban areas to meet
all-day travel demand. Core services are provided by routes 1, 2, 3, 7, 110,
120, 130, 220 and AX (Airport Express).

The Metlink target is for all core services to be electric by 2030. The long-
term trend in monthly total CO.e emissions by core route (except for AX
which is fully electric) is shown in Figure 3.8.

In 2024/25, the core routes produced 30% of network emissions. The top
10 emitting routes (which include six of the core routes) produced 43% of
the total network CO.e emissions (Table 3.2).
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Figure 3.8: Core routes total CO.e (tonnes) per month (August 2018 to

June 2025)

Although Route 2 is designated as fully electric, diesel buses on this route
performed 23,431 km in 2024/25 resulting in CO2e emissions. The Airport

route (AX) is a fully electric core route.

Table 3.2: Contribution by route to total network CO.e in 2024/25. Top
highest emitting routes are shown by rank 1 to 10. Total km does not

include the additional 15% estimated for repositioning.

Route Rank Percent total Total km
network CO.e

110* 1 8.2% 1,005,960
1* 2 5.5% 1,289,027
83 3 4.3% 711,878

130* 4 4.0% 580,360
52 5 3.8% 389,651
24 6 3.8% 592,130

220* 7 3.6% 461,526
3* 8 3.5% 509,586

120* 9 3.4% 477,891
25 10 3.2% 323,477
7* 20 1.7% 281,238
2* 60 0.2% 1,391,731
AX* NA 0% 406,671

*core route

% electric
km

0%
57.9%
29.5%

0%

0%
30.8%

0%
39.6%

0%

0.1%
42.1%
98.3%

100%
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4. Harmful pollutant emissions indicators

Bus fleet emissions of particulate matter and nitrogen oxides (NOx)
contribute to air pollution which affects human health.

e Particulate matter — both particles smaller than 10 micrometres (PMi)
and those smaller than 2.5 micrometres (PM.s) —which arises primarily
from diesel fuel combustion, brake/tyre wear and road dust. Effects are
mainly respiratory and cardiovascular, ranging from reduced lung
function, more hospital admissions and reduced life expectancy.

e Nitrogen oxides (NOx), in particular nitrogen dioxide (NO,) — which are
emitted from diesel and petrol fuel combustion - increases
susceptibility to infections and asthma, reduces lung development in
children and has been associated with reduced life expectancy.

A significant factor influencing harmful emissions from diesel buses is the
European emission standard (Euro) that the vehicle was manufactured to
meet. Overtime Euro emission limits for heavy vehicles have become more
stringent (Figure 4.1). On-road testing shows that heavy-duty vehicles built
to Euro IV and Euro V frequently do not meet their specified emission limits.
However, Euro VI vehicles have delivered a step change in reducing NOx
emissions compared to previous standards (Metcalfe & Kuschel, 2022)%.
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Figure 4.1: Development of European heavy-duty legislated emission limits.
Source: https://www.aecc.eu/legislation/heavy-duty-vehicles/

4 Metcalfe J and Kuschel G (2022). Estimating the impacts of introducing Euro 6/VI vehicle emission standards for New Zealand. Report prepared
by Emission Impossible Ltd for Te Manatt Waka Ministry of Transport, 4 July 2022. MoT-Euro-6-modelling-final-report-4-July.pdf
(transport.govt.nz)
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In mid-2018 Metlink rolled out major changes to bus routes and replaced
the oldest and most polluting buses with newer models manufactured to
meet more stringent Euro emission limits. This fleet change resulted in a
downward step change in modelled harmful emissions across the network
(Mitchell & Clark, 2022)°.

A breakdown of the fleet in-service kilometres (kms) by bus types across
the network shows 28% of all kms were undertaken by electric buses in
2024/25 (Figure 3.4).

In 2024/24, although 6% of kms were travelled by Euro lll buses, they
produced 35% of the fleet modelled NOx emissions and 55% of PMas
exhaust emissions.

4.1 Engine type emissions standards

A more detailed view of the trends in service km by engine type shows fewer
km by Euro Ill (red) and increased km by electric buses (green) since
September 2021 (Figure 4.2).

20M
15M
£
< 1.0M
05M
oo0Mm
2019 2020 2021 2022 2023 2024 2025
Electric Euro 111 Euro IV Euro V Euro VI

Figure 4.2: Bus fleet in-service km (millions) per month by engine type
(August 2018 to June 2025)

5 Mitchell TA and Clark H. 2024. Metlink bus fleet decarbonisation impacts on air quality. Wellington City
Golden Mile 2022/23 update. Greater Wellington Regional Council, Publication No. GW/KI-T-23-22.
https://www.gw.govt.nz/assets/Documents/2024/05/Bus-fleet-decarbonisation-and-Golden-Mile-air-
quality.pdf
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4.2
4.2.1

4.2.2

Harmful pollutant emissions

PM, s emissions trend

PM., s emissions are reported for diesel exhaust (tailpipe) and non-exhaust
emissions from brake and tyre wear which are produced by all vehicles
including electric.

Brake and tyre wear produce particles through mechanical abrasion. These
particles contribute to road dust with the smaller sized particles being re-
suspended in air due to turbulence of passing vehicles.

Currently the brake and tyre wear emission factors are the same for both
electric and diesel buses and do not consider different braking systems.
Brake and tyre wear emission factors are an ongoing area of international
research and emission factors in the bus emissions model will be updated
as the evidence base develops.

Across the network exhaust PM.s has reduced as the proportion of electric
bus km increases relative to diesel buses, although this trend is now
reversing (Figure 4.3).

Brake and tyre wear emissions are produced by all vehicles and depend on
total network km. These non-exhaust emissions will not reduce with
decarbonisation.

150

125

100

PM, 5 (kg)
~
w

50

25

2019 2020 2021 2022 2023 2024 2025

Exhaust Brake & Tyre Wear

Figure 4.3: Bus fleet total PM. s (kg) per month (August 2018 to June 2025)

NOx emissions trend

The trend in NOx emissions (Figure 4.4) is the same as the trend in PMys
exhaust emissions and diesel fuel usage. Total NOx emissions by financial
year are shown in Figure 4.5.
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Figure 4.4: Bus fleet total NOx emissions (tonnes) per month (August
2018 to June 2025)
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Figure 4.5: Bus fleet total NOx emissions (tonnes) by financial year
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5.1

Local air quality indicators

Levels of two harmful pollutants, black carbon (fine diesel soot particles)
and NO, (nitrogen dioxide), were monitored beside a bus-only lane on
Manners Street in Wellington city to track impacts of bus fleet
electrification on air quality along the Golden Mile.

e Black carbonisreleased from incomplete fuel combustion and makes
up most of the PM, s in diesel exhaust. Black carbon is a strong marker
for diesel particulate. Euro lll buses are higher emitters of black carbon
than Euro IV and newer models that are required to be fitted with diesel
particulate exhaust filters. However, the emissions performance of
buses on the road varies depending on vehicle maintenance and
driving conditions.

e Nitrogen dioxide (NO,) is formed when NOx exhaust emissions emitted
from diesel and petrol fuel combustion are oxidised in air. Although
regulated Euro emission limits for NOx have been reducing, they have
not achieved the world reductions expected. The exception is Euro VI
in which real-world test cycles show the stringent NOx emission limitis
largely met (Metcalfe and Kuschel 2022)8.

More information on the air quality monitoring project is available in a
separate report (Mitchell & Clark, 2024)™.

Changes in Manners Street bus fleet emissions profile

Since the introduction of new fleets and routes in July 2018 the bus fleet
emissions profile traversing Manners Street on Wellington’s Golden Mile
has improved (Figure 5.1) as diesel buses were replaced by electric.

Electrification of route 2 and penetration of electrics on routes 1, 3, 24 and
83 and Airport Express (AX) has significantly reduced the number of diesel
buses that travel through Golden Mile.

Since the low pointin 2022/23 the number of diesel trips through Manners
Street has increased to meet higher passenger demand.

6 Metcalfe J and Kuschel G (2022). Estimating the impacts of introducing Euro 6/VI vehicle emission standards for New Zealand. Report prepared
by Emission Impossible Ltd for Te Manati Waka Ministry of Transport, 4 July 2022. MoT-Euro-6-modelling-final-report-4-July.pdf
(transport.govt.nz)
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Figure 5.1: Total bus count by engine type and financial year sighted for
stop 5006 on Manners Street (northbound) and Willis Street stop 5510

Diesel particulate (black carbon) trend

Black carbon has been monitored at the Manners Street bus stop since July
2020 (Figure 5.2). Since monitoring began, diesel particulate levels on
Manners Street have declined sharply (Figure 5.3). In contrast, levels of
diesel particulate from general traffic measured near the Urban Motorway
have decreased at a much lower rate (Figure 5.3).

In 2024/25 average black carbon was 43% lower than in 2021/22 when the
bus fleet profile was 95% diesel.

Since 2022/23 black carbon levels have trended upwards increasing by
15% compared to 2024/25.

Page 15 0of 19



Metlink bus fleet emissions 2024/25

Figure 5.2: Air quality monitoring site at bus stop 5006 on Manners
Street northbound lane (Lat -41.28967, Lon 174.7750)

3,000

2,000

Black carbon (ng /m?)

o
=1
S

2020/21 2021/22 2022/23 2023/24 2024/25

=@ Manners Street Urban Motorway

Figure 5.3: Average annual black carbon (ng/m?) monitored on
Manners Street bus only lane and near the Urban Motorway

5.3 Nitrogen dioxide (NO) trend

Nitrogen dioxide has been measured in Manners Street since July 2016 and
atthe Manners Street bus stop (next to the black carbon monitor) since July
2020 using passive diffusion tubes (Figure 5.4).
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NO. levels on Manners Street reduced significantly over the nine-year
monitoring period (2016/17 to 2024/25) following the introduction of the
new bus fleet and routes in July 2018 (Figure 5.5).

There was a small NO; reduction in 2019/20 due to the impact of COVID-19
travel restrictions followed by a larger reduction between 2020/21 and
2022/23 as electric buses replaced diesel buses along Manners Street. The
downward trend in NO; has now reversed —up by 15% in 2024/25 compared
to 2022/23 correlating with more diesel buses traversing Manners Street.
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Air monitoring sites

Manners Street
Manners Street bus stop

Urban Motorway
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Figure 5.4: Location of air monitoring sites
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Figure 5.5: Average annual NO, (ug/m3) monitored at the Manners
Street bus only lane, at bus stop 5006 and near the Urban Motorway
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Emissions calculation method
Emissions modelling

Bus fleet emissions are modelled using a detailed bottom-up approach
that estimates emissions for greenhouse gases and harmful pollutants.
The overall method is consistent with a Tier 3 assessment method as
described in IPCC” and EEA® guidance. The GW Bus Emissions Model was
developed by Emission Impossible Ltd (EIL) and uses COPERT?® emissions
factors which are the best available as they are intended to better represent
real-world performance as opposed to regulatory emission limits.

Briefly, the following assumptions have been used in this report:

e Kmforunsighted trips thatran have beenincluded based on scheduled
km for all non-cancelled trips.

e Toaccountforfuel used during bus repositioning (dead running) whilst
not in service, 15% was added to the calculated emissions totals.

e Vehicle loading is fixed at 50% of maximum passenger loading.

e (CO.e emissions for electricity used to charge bus electric batteries are
not calculated in the model.

Model development and reporting

The GW Bus Emissions Model was developed in 2016 by EIL to evaluate the
emissions associated with tenders for new bus fleet and routes. This model
was updated in 2019 and used in-house for corporate GHG reporting from
2018/19 to 2022/23 and for bus emissions environmental reporting for the
period 4/1/2017 to 30/6/2022 (Mitchell & Clark, 2022)%. This model version
was called EMMA (Emissions Modelling, Monitoring and Analysis)

The Bus Emissions Model (underpinning EMMA) was updated in 2022 by EIL
to be consistent with the methodology and assumptions for calculating
emission factors in the national Vehicle Emission Prediction Model (VEPM)®
and included some new parameters such as road gradient. This model
version is called the Bus Emissions Model v1. This model version was
implemented on the Metlink cloud-based business data analytics and
reporting system (netBl) and uses Real Time Information system (provided
by Vix Technology) or Snapper trips to determine if a trip was run for in-
service fixed-route services.

71PCC 2019. 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Calvo Buendia, E., Tanabe, K.,
Kranjc, A., Baasansuren, J., Fukuda, M., Ngarize, S., Osako, A., Pyrozhenko, Y., Shermanau, P. and Federici, S. (eds). Published: IPCC,

Switzerland

8 EEA 2023. Air pollutant emission inventory guidebook 2023 1.A.3.bi-iv Road Transport
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Future changes to the Bus Emissions Model

Currently the Bus Emissions Model (v1) only tracks mileage and calculates
emissions for buses at the start and end of an in-service trip. Therefore, for
consistency with previous reporting 15% has been added to emissions
totals to account for emissions produced while buses move between
depots and reposition at the end or start of a trip (dead running).

From mid-2024 buses were fitted with new telematics which will improve
the accuracy of calculating distances and speeds as well as allowing more
buses to be sighted. This will also allow out-of-service kms to be tracked so
that more accurate estimates of emissions from dead running can be
reported and allow real-world fuel use validation.

It is planned to update the Bus Emissions Model v1 to v2 with the new
tracking system and updated emission factors to be consistent with the
latest version of the national Vehicle Emissions Prediction. It is planned to
use Bus Emissions Model v2 for reporting from 2025/26.
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