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Executive summary 

 

This report presents the work and results for the last component (data interaction) of the 

�T�V�S�N�I�G�X���X�M�X�P�I�H�����ˆ�)�Z�E�P�Y�E�X�M�R�K���X�L�I���S�T�T�S�V�X�Y�R�M�X�]���M�R���X�L�I���L�I�E�Z�]���H�S�Q�I�W�X�M�G���J�V�I�M�K�L�X���W�I�G�X�S�V to contribute to 

the decarbonisation of the transport task in New Zealand - Phase 1: Baseline of direct tank-to-

�[�L�I�I�P���X�V�E�R�W�T�S�V�X���+�V�I�I�R�L�S�Y�W�I���+�E�W���I�Q�M�W�W�M�S�R�W���J�S�V���O�I�]���G�S�Q�Q�S�H�M�X�M�I�W�‰�����8�L�I���J�M�V�W�X���G�S�Q�T�S�R�I�R�X�����H�E�X�E��
gathering), provided a general overview of the freight sector, and identified the most relevant 

official sources of freight data in New Zealand. The second component (data filtering) 

elaborated on the arrangement of data structures and relational data model, and addressed 

data considerations to estimate transport activity. The Data Integration report (submitted on 

the completion of the third component) presented the consolidation of the datasets for the 
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was assessed on a case-by-case basis, with information about facility locations and freight 

logistics obtained from sector-specific reports and open-source geographic data. From the 

road and rail network analysis, the activity of ferry freight movements was able to be 

quantified which represents, 22.7% of total shipping emissions (~97.5 thousand tonnes of 

CO2e). For the remaining shipping movements of petroleum, bulk (cement, limestone, and 

fertiliser), and containerised commodities, freight activity was estimated as a function of 

region-to-region movements, port-to-port distances from the nautical almanac, and manifest 

data provided by Pacifica Shipping. Pacifica provided fuel use records, which allowed energy 

intensity figures for containerised shipments to be estimated. Based on the analysis of 

manifest records, it was estimated that the average utilisation of container shipping is 

approximately 70%. A shift of inter-�M�W�P�E�R�H�� �ˆ�+�I�R�I�V�E�P�‰�� �V�S�E�H�� �J�V�I�M�K�L�X�� �Q�S�Z�I�Q�I�R�X�W�� �X�S�� �G�S�E�W�X�E�P��
shipping can potentially increase ship utilisation to 90%, leading to an annual reduction of 

161.7 kt CO2, which represents approximately 5
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Definitions 
API Application Programming Interface can be thought of as a contract that allows 

communication between applications using requests and responses. 

Library A software package used for software development, for example the matplotlib 
is a python-based library, provides visualisation functionality. 

Numpy Python library that provides functionality for fast operations on arrays, including 
mathematical, logical, shape manipulation, sorting, selecting, basic linear 
algebra, and basic statistical operations. 

Python A general-purpose programming language used for Application Development, 
Data Science, Geospatial Analysis and Scientific Computing. 
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Records of year of manufacture were also available for every truck. The age of the vehicles 
along with the mean distances were used to calculate lifetime cumulative activity for every 
category type. The stock and activity data for the fleet are presented in Figure 2. 

 

Figure 2 Copert User Interface of Vehicles Stock and Activity Data 

One of the advantages of using the Copert software as an emissions calculator is the 
capability to input meticulous parameters related to circulation regimes and driving 
conditions. Circulation activity accounts for the operation and speed of vehicles within urban, 
rural, and highway regimes. Unfortunately, the circulation data for the New Zealand case was 
not available. However, circulation data for Australia was available and used as a proxy; Figure 
3 shows the circulation parameters used.  

  

Figure 3 Copert User Interface of circulation parameters 

In regards to vehicle operation, Copert also includes parameters associated with driving 
conditions, including load 
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Figure 4 Sankey diagram of New Zealand Energy System 
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Figure 7 Illustration for slope calculation 

A weighted average (�I%�å�â�Ô�×) was calculated to assess the impact of slope on the emissions 
from road transportation. Every link has a slope (�I �ß) and an activity attribute (tkm) that was 
used as a weight (�S�ß).  

�I%�å�â�Ô�×L
�S�ß�Û�I �ß

�Ã�S�ß
�� �r�ä�r�s�x 

Equation 3 

 

1.2.2 Sector Energy Intensity 

Once the activity is estimated the next step is to identify sector-specific energy intensity 
figures. Andrés and Padilla (2015) applied a decomposition analysis to provide a better 
understanding of the changes in energy intensity of road freight transport in Spain. Their study 
accounted for the estimation of energy intensity figures for different commodity groups and 
years (Andrés and Padilla, 2015). These values have been adjusted to
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Liquid Milk, Timber, Other). Parameters are estimated so that the errors between the 

estimated (�8�ß) and observed (�8�ßá) link flows are minimised (Tamin and Willumsen, 1989). The 
problem is: 

�P�K���I�E�J�E�I�E�O�A���5L��Í k�8�ßF �8�ßáo
�6

�ß

 Equation 11 

The estimation process is based on a non-linear least-squares optimization method (Branch 
et al., 1999). The function in Equation 12 is adapted from the models reported in Högberg 
(1976) and Tamin and Willumsen (1989), where the flow (�8�ß) in a particular link l is the 
summation of the contributions of all trips between zones to that link. Equation 13 presents 
the cost function which contemplates two additional parameters that are also commodity 
specific. 

�8�ßL Í Í Í �#�ã�á�Ü�á�Ö�>�Ö
�#�Ô�á�Ý�á�Ö�Bk�@�Ü�Ýo

�Ã �#�Ô�á�Þ�á�Ö�B�:�@�Ü�Þ�;�Þ�Ý�Ü

�ä�L�Ü�Ý
�ß

�Ö

 Equation 12 

 

�Bk�@�Ü�ÝoL �@�Ü�Ý
�	 �Î �A�� �Îk�j�l �×�Ô�Õo

�.

 Equation 13 

Where: 

�8�ß Flow in link l 

�#�ã�á�Ü�á�Ö District i production attribute for trips associated 
to commodity c  

�#�Ô�á�Ý�á�Ö District j attraction attribute for trips associated to 
commodity c 

�Bk�@�Ü�Ýo Cost function 

�@�Ü�Ý Cost attribute between districts i and j 

�Ú�Ö Cost function coefficient for commodity c 

�à�Ö Cost function coefficient for commodity c 

�>�Ö Commodity c coefficient 

�E�á�F�á�G District indexes 

�? Commodity index 

�L�Ü�Ý
�ß Proportion of trips from district i to district j whose 

trips use link l 

�H Link index 
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The array �L�Ü�Ý
�ß can be estimated from an all-or-nothing assignment: 

�L�Ü�Ý
�ß L �D�s���E�B���P�N�E�L�O���B�N�K�I���@�E�O�P�N�E�?�P���E���P�K���@�E�O�P�N�E�?�P���F���Q�O�A���H�E�J�G���H

�r���K�P�D�A�N�S�E�O�A
 

Given a set of observed traffic counts (�8�ßá), for N districts, and C sectors, there will be N2 x C 
unknown flows (�6�Ü�Ý) to be estimated from a set of L equations, where L is the total number of 

traffic counts (i.e. monitoring sites with heavy traffic observations). 
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Table 2 Tests for different modelling arrangements 

Test ID 
Geographic 

Scope 
No. of 
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Figure 8 Road Freight Transport Model Implementation 
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Test 1 

 

Test 2 

 

Test 3 

 

Test 4 

 

Test 5 

 

Figure 9 Predicted versus observed traffic counts for different modelling arrangements 

 



 

  15 

2 Rail 
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Figure 11 Rail Network 

 

Figure 12 Intra-regional rail freight flows by commodity group 
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For the movement of logs, it was assumed that intra-regional trips by rail take place between log 
collection hubs and regional ports. For instance, Figure 13 shows that in Wellington logs are shipped 
from the Waingawa Log Hub to CentrePort (Sanderson and Robertson, 2020) 

 

Figure 13 Rail route for log movements within Wellington Region 

For the movements of dairy products, intra-regional distances were assumed to be the average of the 
routed distances by rail between dairy factories and ports/freight hubs. The locations of relevant dairy 
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Figure 15 Origin destination analysis for general 
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2.1.2 Energy Intensity  

Two propulsion types were considered in the analysis for diesel and electric locomotives, respectively.  
The energy intensity for freighting goods by diesel trains (0.36 MJ/tkm) is based on KiwiRail estimates 
reported in their annual integrated report (KiwiRail, 2021a). The energy intensity for freighting goods by 
electric trains is assumed to be 0.025 kWh/tkm (Ligterink et al., 2017). Unlike the case for road, it was 
assumed that the energy intensity is uniform across commodity types. The emission factor for 
�I�P�I�G�X�V�M�G�M�X�]�� �T�V�S�H�Y�G�X�M�S�R�� �[�E�W�� �Q�S�H�I�P�P�I�H�� �E�W�� �E�� �J�Y�R�G�X�M�S�R�� �S�J�� �X�L�I�� �G�S�Y�R�X�V�]�…�W�� �T�S�[�I�V�� �K�I�R�I�V�E�X�M�S�R�� �Q�M�\���� �8�L�I�� �0�)�%�4��
model used in this study and described in Gallardo et al. (2019), is based on �2�I�[�� �>�I�E�P�E�R�H�…�W�� �T�S�[�I�V��
generation mix. Each power generation technology is characterised in terms of installed capacity and 
temporal availability, hence, estimates for indirect emissions account for the share of non-renewable 
generation throughout the year.   
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Figure 17 Container Shipping Dataset Relationships 

 

 

Figure 18 
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DWT (Laffineur, 2015), see Equation 15. The energy intensity can be further obtained after running a 
unit conversion process.   

�'�'�1�+�Õ�è�ß�Þd
�C�%�1�6

�P�K�J�J�A�Û�I�E�H�A�O
hL �z�s�v�ä�{�w�Û�&�9�6�?�4�ä�7�= Equation 15 

Emission estimates for coastal shipping are based on activity reported in 2018. In that year, petroleum-
based products were transported through tankers from Marsden Point to New Zealand. Specifically, 
operations were executed by two coastal tankers (MT Kokako and MT Matuku) with DWTs of 49,218 
and 29,735, respectively. There was no accessibility to fuel use records from tanker operations, hence, 
energy intensity for tanker shipping was also derived from Equation 15. For ferry movements, energy 
intensity is based on the international emissions factor reported in Ministry for the Environment (2020). 
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4 Results 

Findings are presented for the heavy freight sector, transport modes and commodity types. The 
analysis of road heavy transport has greater detail, as estimates are contrasted for different units of 
observation, truck fleet and commodity types. These data sources and results can also be extracted 
and visualized from an online dashboard for the project3. This sections also includes the analysis of 
vehicle and infrastructure embedded emissions across all modes. Furthermore, this section includes a 
brief overview of accident associates to freight transport.   

4.1 Road Emissions 

The analysis of road emissions has a higher level of detail as it looks at the sector from two 
perspectives:  

- 
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a) b) 

Figure 
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a) b) 
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Figure 28 Analysis of Particulate Matter (PM) 

4.1.1 Embedded Road Emissions 

4.1.1.1 Truck Lifecycle Emissions 



 

  33 

The truck fuel is assumed to be a low-sulphur diesel that is obtained from crude oil. Table 7 breaks 
down the embedded vehicle emissions into �• 

�• 
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Figure 29 Truck emissions from GREET for long-haul, short-haul and rigid truck types for trucks manufactured in 2018 

4.1.1.2 Road Infrastructure 

The road infrastructure analysis considers emissions due to resealing of roads, not emissions 
associated with the initial roading infrastructure. Road maintenance is a significant source of 
emissions owing to the high component of fossil fuel based raw materials such as kerosene and 
bitumen.   While heavy truck traffic is only a small fraction of traffic in terms of total vehicle numbers, 
the high weight per axle compared to light passenger vehicle traffic means they have a disproportionate 
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Resultant proportions of damage attributable to heavy traffic over the state highways when loaded and 
unloaded trucks were considered and shown as box and whisker plots in Figure 30.  The box represents 
the upper and lower quartiles with the c�I�R�X�V�I�� �P�M�R�I�� �X�L�I�� �Q�I�H�M�E�R���� �X�L�I�� �Q�I�E�R�� �M�W�� �Q�E�V�O�I�H�� �[�M�X�L�� �E�R�� �„�<�…���� �8�L�I��
whiskers show the variability of the upper and lower quartile and the points outside of the whiskers are 
outliers. Given the very high proportion attributable to trucks, in this analysis, resealing emissions were 
fully allocated to road freight.   

Road resealing creates significant CO2 emissions as bitumen is made from fossil fuels such as crude 
oil. The carbon footprint for two road resealing products that includes the full life-cycle costs are 
reported in Table 8 (Downer New Zealand, 2013) for a 1km section of sealed road 7m wide. For this 
analysis the Hot Bitumen road resealing emissions are used as that was the status quo in 2018.  At this 
time bitumen was refined at Refining NZ in Marsden, however the closure of refining operations at 
Marsden mean bitumen product will need to be imported from overseas so these numbers have 
potentially worsened. 

 

Figure 30 Box and whisker chart showing the spread of damage attributable to heavy vehicles on State Highways for 
loaded and unloaded conditions 

 

Table 8 Carbon footprint of two road surface sealing products and capturing their full lifecycle costs (Downer New Zealand, 
2013) 

Sealing Carbon footprint per linear km 

Hot Bitumen (kgCO2e) 1419.76 
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type resealing cycles is also presented in rows 4 and 5 in Table 9 for state highways and aggregated 
sealed highways respectively. Finally, an emissions per tkm are presented in the final row of Table 9 
which is included in the embedded emissions figure for truck freight.  

An annualised figure for highway resealing emissions is presented in column 3 of Table 9, based on the 
assumption that high traffic roads are typically resealed every 7 years (Waka Kotahi NZ Transport 
Agency, 2022d). 

Future highway resealing emissions are due to reduce with Waka Kotahi NZ Transport agency 
announcing in June 2021 (Waka Kotahi NZ Transport Agency, 2021) that the bitumen emulsion product 
is to be phased in for highway sealing operations over the next few years. This move should reduce 
emissions by almost a factor of three assuming it has the same lifetime. 

 

Figure 31 Road surface area as a factor of surface type and ONRC classification 
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Table 9 Carbon footprint for State Highways in NZ for two resealing products (Downer New Zealand, 2013) 

 
Road Area 

(km2) 
Hot 

Bitumen 
Bitumen Emulsion 

State Highway Reseal Emissions (full 
replenish) (tCO2e) 

92.5 
17,837.4 

 

7,013.1 

 

Thin Surface Flexible Reseal 
Emissions (full replenish) (tCO2e) 

351.3 71,255.8 28,015.3 

Annual State Highway Resealing 
Emissions (tCO2e) 

92.5 2,548.2 1,001.9 

Annual Thin Surface Flexible Reseal 
Emissions (tCO2e) 

351.3 7,110.2 2,795.5 

Thin Surface Flexible Reseal 
Emissions (gCO2e/tk) 

351.3 0.239 0.094 

An estimate of the resealing emissions for the full thin surface flexible roads using hot bitumen 
resealing equates to 0.239 gCO2e/VKT, using a reference of 29.8 billion tkm. Note this is a conservative 
estimate as it uses all the tkms, including those associated with unsealed roads. The resealing 
emissions per tkm are an order of magnitude smaller than the embedded articulated truck emissions 
in Section 4.1.1.1. 

4.2 Rail 
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Figure 32 Direct emission estimates for rail freight transport broken down by sector 

Figure 39 �M�R�G�P�Y�H�I�W���E���„�+�I�R�I�V�E�P�C�I�P�I�G�X�V�M�G�…���G�E�X�I�K�S�V�]���X�S���G�E�T�X�Y�V�I���„�+�I�R�I�V�E�P�…���Q�S�Z�I�Q�I�R�X�W���F�]���I�P�I�G�X�V�M�G���V�E�M�P�����*�M�K�Y�V�I�W��
related to this category cannot be visually identified as the activity is negligible (0.1% of total tkm by 
rail) in comparison to other segments. In terms of emissions, freight movements through electric rail 
accounted for only 15.5 tonnes of CO2e, which corresponds to a carbon intensity factor of 3.2 g CO2e 
per tonne-km. The calculation of the emission factor for electric rail assumed a constant electricity 
load; a more precise estimation will require power load profiles associated with electric train operation. 
The methodology that supports the calculation of emission factors for electricity use is a key 
component that could be further exploited in future studies that aim to investigate the potential of 
transport electrification options.  

A remarkable aspect of the New Zealand railway system is that patterns do not necessarily follow 
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a) b) 

  

c) d) 

Figure 33 Intra-regional freight task by rail, by region. a) All sectors b) retail and manufacture c) dairy d) logs 
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4.2.1 Embedded Rail Emissions 

This section looks at the emissions from rolling stock and rail track infrastructure. Additional 
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a) b) 

  
c) d) 

Figure 36 Regional flows
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It is shown in Figure 
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Figure 38 Inter-island road activity for manufactured and retail commodities 

4.3.1 Embedded Shipping Emissions 

Consistent with the road and rail analysis this section focuses on the embedded emissions of 
�X�L�I���Z�I�W�W�I�P�W�����8�L�I���„�F�P�Y�I���L�M�K�L�[�E�]�…���L�E�W���X�L�I���E�H�Z�E�R�X�E�K�I���S�J���R�S���I�U�Y�M�Z�E�P�I�R�X���W�Y�F-surface to maintain 
compared to road and rail. As is recommended for road and rail, additional infrastructure and 
operations such as ports, docking vessels and loading and unloading of freight at the docks 
should be considered to provide a more complete emissions picture. 

The emission analysis for the ship manufacture is based on a Total Life Cycle Emission Model 
from Hua et al. (2019) which reported life cycle emissions based on container ships, Very 
Large Crude Carriers, bunker barges. The steel manufacturing emissions are based on the 
containers ships lightweight tonnage (LWT), the weight of the ship without any fuel cargo, 
provisions or passengers/crew and are based on Taiwanese manufacturer data. The 
reference container ships analysed have an average LWT of 32,785t, a factor of four larger 
�X�L�E�R���2�I�[���>�I�E�P�E�R�H�…�W���G�S�E�W�X�E�P���G�S�R�X�E�M�R�I�V���W�L�M�T�����X�L�I���1�S�E�R�E���'�L�M�I�J�� 

Emissions from steel manufacturing (2,331.2 kgCO2e/tonne) and shipbuilding (239.6 
kgCO2e/tonne) were estimated from this study and scaled by weight and are reported in Table 
13. The remaining emissions based on ship operation were deemed to be inappropriate as the 
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was assessed on a case-by-case basis, with information about facility locations and freight 

logistics obtained from sector-specific reports and open-source geographic data. From the 

road and rail network analysis, the activity of ferry freight movements was able to be 

quantified which represents, 22.7% of total shipping emissions (~97.5 thousand tonnes of 

CO2e). For the remaining shipping movements of petroleum, bulk (cement, limestone, and 

fertiliser), and containerised commodities, freight activity was estimated as a function of 

region-to-region movements, port-to-port distances from the nautical almanac, and manifest 

data provided by Pacifica Shipping. Pacifica provided fuel use records, which allowed energy 

intensity figures for containerised shipments to be estimated. Based on the analysis of 

manifest records, it was estimated that the average utilisation of container shipping is 

approximately 70%. A shift of inter-�M�W�P�E�R�H�� �ˆ�+�I�R�I�V�E�P�‰�� �V�S�E�H�� �J�V�I�M�K�L�X�� �Q�S�Z�I�Q�I�R�X�W�� �X�S�� �G�S�E�W�X�E�P��
shipping can potentially increase ship utilisation to 90%, leading to an annual reduction of 

161.7 kt CO2, which represents approximately 5




