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Executive Summary

Executive Summary

Motivation

Ara Ake has engageddERA Economic Consultingp conduct a review of the economics of using
green hydrogelto decarbaise longdistance heavy freight (LDHF) in New Zealand. The research

guestion wavereasked to addressiS,wh at needs to be true for green

economic path to decarbonisind DHF ? &

New Zeal and’ s heawg7%tofrditrankport emisstonbut @azaunitsrfdorlywy e

of total annual travelA s M B A \&sios forHydrogengreen papenotes it is unlikely there will

bea single pathwaghat will decarbonis the entire transport sectbEven narrowing to heavy freight,
categorised as goods vehicles over 12 toAmesltiple decarbonisation alternativesll likely be
required. This is due to the differing demands of vehicle tasks (such as distance, weight carried or
number of stops) and the suitability of different f@amd/or zereemission alternatives for each task
The appropriate decarbonisation pathlfBHF (distinct fromheavy freight) igarticularlyuncertain

due to the range and weight demands of the task.

Fuel cell electric vehicle(FCEVs) and battery electrigehicles (BEVS) represent different onboard

fuel storage options to power an electriotor. Bo t ht r* e ark lselng promoted a®lutiors to
decarbonise LDHFThe currentidvantage FCEVs havetlsat relative to BEVS, they can carry more
cargo and conlpte longdistance trips without needing to refuel as often. This is because of the
current lav energy density of batteries; put simply, batteries are currently heavy relative to the energy
they carry. In freight applications, this resultsitmadeoff whereby BEVs must either carry more
batteries (and therefore less freight) to avoid needistpiwand recharge or carfgwerbatteries

(and more freight) but need to stop and recharge more often. FCEVs and traditionglaliesed

internal combustionrggine vehicles (ICEVs) do not experience this trafféo the same extent and
therefore can carry more freight for longer without stopping.

A primary argument against FCEVstimtconverting electricity into hydrogen for the purpose of

then returningt to electricity to power an electric motor is inherently less efficient than powératg t
motor directly with electricity. This is due to the energy losses associated with producing hydrogen,
compressing it, storing it and converting it back to eleityri Example estimates of electrical

efficiency are about 70% to 90% for BEVs compareddout 25% to 35% for FCEVs.

The question olvhether BEVs or FCEVs are the more economic option for LDHF therefore depends
predominantly, but not exclusivelygn whether the payload and refuelling advantage FCEVs have

1 Hydrogen is not a primary energy source, but a form of storing potential energy converted from a primary energy source
that can then be used towards a wide range of applicatiwrexample, industrial feedstockdor process heat, grid
energy backup, dreating businesses and residentéseen hydr ogen” i s hydrogen produced
In the context of LDHF, hydrogen can be converted back into electrical energy in a device called a fugcbediits
only heat and water as a-pyoduct, to power an electric motor in a vehicle. Green hydrogen is therefore regarded as a
zeroemission fuel.

By “needs to be true”, we mean “under what assumptions”

3 Ministry of TransportAnnual fleet statistis 2018 p15. Emissions profiles for morecent years are, to our knowledge,
unavailable.

4 MBIE, A Vision for Hydrogen in New Zealar8eptember 201@VIBIE Green paper)p48.

5 New Zealand Transport Agency (NZTAZTA —VehicleClassesvebpage, access&8/12/20 from:
https://www.nzta.govt.nz/vehicles/vehidigpes/vehicleclassesand standards/vehictelasses/#NC

6 Volkswagen. Se€igurel.1.

7 For example, using hydrogen in place of freight is also argued to have additional benefits to the energy system by nature of
its ability to more easily store large volumes of energy thanssible with batteries.
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Executive Summary

over BEVs offsets (and is expected to continue to offset) the electrical inefficiency of using electricity
to produce hydrogen and power a FCEV.

There are, of course, other options for decarlogisDHF, such as blue hydrogen (hydrogen

produced from hydrocarbons such as natural gas, with the carbon sequestered and permanently stored
using carbon capture and storage (CCS) technology), biofuels, etmamnérg fossil fuels, modal

shift (rail and oasal shipping) or combinations of alternative fuels and modal shift.

In theory, f there are no market failures or coordination problems requiring government (or other)
intervention or funding, market forces should determine whether a technology sirelasydrogen
forms part of the leastost path to decarbonisation. Indetitidea behind marketased approaches
such agheNew ZealandEmissions Trading Scheme (ETiSYhat if a high enougfrice for carbons
signalled thentherole of governmentin determining what technologies should be adopted to
decarbonise LDHF (or any other sector for that maigditnited.

However, governmeritslecarboniation objectives coincideith many lowemission technologies

still beingin nascent stages afloption ancommercialisationAt the same time, the current NZ ETS
price is substantially lower than the prices required to achieve a material amount of decarbonisation
activity in the neaterm?® This means that centralised funding and decision malsjngovernmerst

and other bodiesather tham€market forcesare influencing the decarbonisation path.

Although gavernment action can help resolve coordination problems, when there is material

uncertainty(as is the case for LDHRhis creates a risk ohvesting in €chnologythatis

subsequentlpvertaken byechnology whictprogresses atfaster rateThis is particularly a risk for

New Zealand, compared to major global playars we are | i kel y t'bhisbe a “te
could result in outcoms where New &alandoecomes locked into an inferior technoldgnd thus

pays higher prices and/or receives lower quality in the longwith)the risk thatssetgould

eventually become strand&Another risk is thapreseninvestmens maynotbe madeto progress

particular technologyhased ornthe assumptionthata differenttechnologywill becone more

affordable at a later datk this fails to occurthendecarbonisation targetsay bemissed oicould be

more costly to achieve if a sharper decarbonisatiomipaubsequentlyequired.

Giventhese risks anthatNew Zealand is likely to be a technology taker, a prudent approach could
befor governmento adopt a diversifiethvestment stitggy andinvest h numerous technologies

This would meanhat when theincertainty is resolvedr reducedNew Zealand is welpositioned to
efficiently progress thse technologies that provide an economic means of decarbonising freight
movements.

Scope of the project and this report

To account fothese risks antb reconcié the divergent views on the economics of using green
hydrogen tchelpdecarbonise LDHF, Ara Akasked ugo provide an independent review of the
economics of green hydrogeanLDHF. This review ha$our potential stages:

= Stage 1:Review the existing litetture on green hydrogen applied to LDHF in New Zealand;

8 New Zealand Productivity Commissio.pw-emissions economy: Final reppfugust 2018(NZPC Lowemissions
economy report)

9 New Zealand is a very small market compared to major economies such as the United States andicthizvenarge
markets and invé$ieavily in developing technologies. Any new technologies would be imported from overseas, and
therefore New Zealand's investment wild/ not influence any

10 This risk is of coursea function of the levedf investment required the smaller the necessary investment, the less of a
concern lockin and stranding are.
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= Stage 2:If gaps are identified in Stagerianswering the research question thorougtiynduct
our own modelling of the economics of greamlitogen in LDHF with a focus on filling those

gaps;
= Stagead: If green hydrogen appears to be economic, identify risks and potential impediments

(funding, coordination/public good issues, externalities, market structure, business models, etc)
that might imgde the development of green hydrogen; and

= Stage 4:ldenify potential solutions to issues identified in Stage 3.

This report covers Stage 1. We have reviealkdublicly availableNew Zealanefocused studies that
discuss the potential role of green hygio for decarbonising LDHE.We restrict our focus to

studies which account for the nuances of the New Zealand economy and geographic nature of the
freight task, although we have relied on international literature for support in our review where
approprise.

To review the existing body of evidence on this goestwe developed a framework for assessing the

economics of green hydrogen. This framework, refitr o a sconorhiefrarhework’ i's how we
think the research question should be answéredmparesthe net social benefit (i.e. total social
benefit less total social costs) of each decarbonisation alternative examinédNot e t hat “soci

in this context meansonsidering theconomic costs and benefits from a national or econwity

perspectie, rather than assessingn-economic consideratiorssich @ equity and fairness. The

economic framework gives us a benchmark against which to assess the robustness of existing studies,
whil e remaining “fuel agnos nhfordherepoiibharecent s t o say,
increase innterestand investmentin green hydrogen, our focus is on assessing the most economic

path for decarbonising LDHF, regardless of the fuel (or indeed nusee)

The economic framework forms part of thea s s e s s me n t , whigh mvoleew asseg&sing:
= Whether the studiespply the appropriate economic framework;

= Whether the studies adequatebpture the relevant costs and benefits; and

= The robustness anthnsparency of any modelling that is conducted.

Of coursegach passtudy had its owrspecific research question@)d eactpresengdits results in a
different way to the ideal set out in our assessment framework. This is to be expkemdiquesin
this report shouldhereforenot necessarily be interpreted as an indication of the quality phitte
work we have reviewed- it may simply indicatehatthe studies are answering a different question
and have a different purpase

That being said, amsparency of any modelling is paramount to ensurduhat funding and policy
decisions are supported by complatel accurate informatioRroviding transparency around the
assumptions used in the different studies and reconciling the different conclusions reached is one of
the major purposes of the Stage 1 review.

As part of this first stage, we have engaged witimarous stakeholders inethransport and energy
sectordn New Zealando obtain feedback on the economic framework we have adopted and to

1 Thisis an important caveat to conclusions dndvom ourStage 1 reviewGiven the nascent application thie
technologies we are discussimgfprmation from public studies that are only a year or two old can quickly become out of
date.

12 Noting that the scope of this report is such that we examine only the alternatives considered by the studies regiewed. Thi
is discussed further in sectiGrb.

13 See, e.gNew Zealandlreasury Guide to Social Cost Benefit Analyslaly 2015accessed 16/12/Z6om:
https://www.treasury.gd.nz/sites/default/files/20167/cbaguidejul15.pdf For example, a carbon tax is one way to
create a “price” f eaonsideredioanieecohomic waméworluhi ch can b
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ensure we are reviewing the right studies (i.e., a complete list of existing studies which examine the
future of LDHF in New Zealand specifittg including consideration of green hydrogen and FCEVSs).

Table X.1 sets out th@ublic domainstudies we have reviewed. The colour coding indicates whether
the studies contain quantitative economic ntlateof using green hydrogen for LDHF (blue
shading) or are a qualitative review of LDHF alternatives including green hydrogen (green shading).

Table X.1
New Zealand studies assessing the future of LDHF that consider green hydrogen
Study Year Depth
Modelling Hydrogen Pathways for MBIE, Castalia 2020 Economic analysis (model results)

Hydrogen in NZ, Concept Consulting for MBIE, Energy
Efficiency & Conservation Authority (EECA), Contact, 2019 Economic analysis
Meridian, Powerco, First Gas

H2 Taranaki Roadmap, Venture Taranaki/Hiringa

Energy/New Plymouth District Council 2019 Review/Economic analysis

Gas Infrastructure Futures in a Net Zero New Zealand,

Vivid Economics for First Gas and Powerco 2018 Economic analysis

Green Freight Strategic Working Paper and Background 2020/ Review and qualitative discussion of costs

Paper, Ministry of Transport (MoT) 2019 and challenges

A vision for hydrogen in New Zealand: Green Paper, 2019 Review and qualitative discussion of costs

Ministry of Business, Innovation and Employment (MBIE) and challenges

House View: Hydrogen, Z Energy 2019 Review and qualitative discussion of costs
and challenges

Low Emissions Economy Report, New Zealand 2018 Review and qualitative discussion of costs

Productivity Commission (NZPC) and challenges

Findings based on existing quantitative studies

All existing quantitative modellingve have reviewetbcus onestimating onlythe private costs of
using different fuels for giventruck. Private costs represent ordge componentf a potentially
broader questiothatlooks at the socially optimét method of reaching net zero carbon emissions for
LDHF, noting thaif there were no market failures or externalities, these would be the same thing.
The studies do not, drwere not scoped to, look holistically at the heavy heflget in New Zealand
and its fuel use and mode of transport, including:

= The ability of ownetoperatoren masséo purchaseewtechnologyvehicles;

= What happens i n t he eforetheecommercidl avalabitity ofitgchnolegy i o d ”
becomes wiespread and its total cost of ownership becomes competitive with conventional
options;

= Modal shift—theshifting of some freighto rail and coastal shipping would reduotal
emissionswith other benefits including less traffic congestion &b weaand tear on the
roads; and

= Afull life cycle analysis of alternative options with a New Zealand lens, taking into account
impacts on the environment, emissions concerning the construction aasadlisptrucks, human

14 Note that by socially optimal, we mean this in an economic sensepinsidering economy wide costs and benefits.
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health and supptghain economic imgcts (e.g.transitional costs due fob dissolution and
creation).

Thequantitative studies to datiefinean “ end point” wundeybeinigheir vari o
comparison of théotal cost of anership(TCO) for differentvehicles anduelsat some pmt in the

future. They do noteach conclusions on the cost of a transitional path with the points above in mind.

These studies also almost exclusively analyse green hydrogen FCEVs and BEVdlasshst

ICEVs, and do not consider othedternative fuels or mad shift, as demonstrated Gyable X2.

Table X3 sets out the conclusions of these analy3es.

Table X.2
Alternatives to decarbonise LDHF quantitatively modelled in each study?®

Castalia Concept H2 Taranaki Vivid
Roadmap
Green hydrogen /
FCEVs 4 4 4 v
Blue hydrogen /
FCEVs
Direct electrification
/| BEVs v v v
Advanced biofuel /
ICEVs
Diesel + carbon
offset / ICEVs v v Vs v

** These studies review blue hydrogen for uses other than LDHF.
* |t is not clear that a carbon price is included in the assessment of diesel.

Table X.3
Summary of quantitative findings in studies reviewed

Study author Commissioned by  Quantitative conclusions

Castalia MBIE The base case finds that FCEVs are more expensive per kilometre than
BEVs until after 2040 but converge with BEVs before 2050. ICEV cost
per kilometre passes above a BEV before 2030 and above a FCEV
before 2035. However, vehicle weights and payloads are not provided
and could have significant influence on results (e.g., lighter trucks).

Concept MBIE, EECA, Across all scenarios, BEVs are likely to be the least-cost option per
Contact, Meridian, kilometre and per tonne-kilometre for heavy vehicles, although both e-
Powerco, First Gas  trucks are likely to become less expensive than ICEV use by 2040.
FCEVs only begin to be competitively priced in the long term with BEVs
in the scenario where battery technology is not assumed to improve.

15 A detailed review of each of these analyses is provided in sdctibthis report.

16 The scope of this report is such that we examine only the alternatives considered bydbeetieved. This is discussed
further in sectior8.5.
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Study author Commissioned by Quantitative conclusions

H2 Taranaki Venture Taranaki, The single scenario modelled finds that per tonne-kilometre, FCEVs are
Roadmap Hiringa Energy, immediately less expensive than BEVs, even using a fast charger, and
New Plymouth become competitively priced with ICEVs using diesel by 2030.
District Council
Vivid First Gas and Vivid only models diesel ICEVs against a high and low FCEV scenario

Powerco in 2050, which is quite distant. Vivid's conclusion is by 2050, FCEVs are
likely to be roughly the same price per kilometre as diesel ICEVs before

applying a carbon price for the heaviest class of freight vehicles.

Each of these studies reacliégerent conclusions due to the fact that each analysis applies differing
inputs and assumptions in terms of bthté costs includedndthelevelpath for each costThrough

our review, we have found that the factses outin Table X4 appear to have a large influencetba
study conclusions about the competitiveness of FCEVs and BEVs.

Table X.4

Influential factors driving conclusions in quantitative studies comparing FCEVs and

Factor

BEVs

Discussion

Speed of underlying
technology cost
reductions will likely
determine which e-truck
has a lower TCO.

Even allowing for the reduced capability of BEVs to carry large payloads presently,
the capital cost of FCEVs and electrolysis would need to reduce more quickly than
costs for battery technology. The Concept, Castalia and H2 Taranaki Roadmap
analyses each show that the longer term TCO of FCEVs using green hydrogen
depend on costs dropping more quickly for this alternative than for BEVs.

Battery recharging and
weight issues persisting
into the future will
disadvantage BEVs for
LDHF in the longer term.

If the disadvantages faced by BEVs in terms of reduced payload and the need to
stop and recharge during a long-distance freight trip persist into the future, BEVs will
be unlikely to compete with FCEVs in LDHF. Both Concept and the H2 Taranaki
Roadmap modelling demonstrate that BEVs’ TCO is highly impacted by these issues.

A substantially higher
carbon price is needed to
disincentivise continued
diesel use.

As an indicative price reference, Concept applies a $100/t COze in 2040, finding that
e-trucks would be cheaper than diesel in ICEVs by that point in time. Castalia does
not disclose its carbon price assumption, but its analysis implies the price would need
to rise to at least $75/t COze by 2035 for FCEVs to outcompete diesel. If restrictions
on diesel imports are imposed, this would also likely increase the TCO of diesel.

Off-peak production (or
dedicated renewable
generation) is needed for
green hydrogen to take
advantage of lower
electricity prices.

The Concept and Castalia modelling demonstrate that the assumed cost of electricity
has a significant impact on the cost of producing green hydrogen. Because hydrogen
is essentially a method of storing energy, it breaks the link between the time
electricity is generated and when the vehicle needs to be refuelled (unlike present
BEV charging). This means production of hydrogen can occur largely outside of peak
hours (if grid connected) or by direct connection to embedded renewable generation.
Green hydrogen can thus take advantage of non-peak electricity prices or the low
cost of intermittent renewable generating capacity while still providing refuelling
outside of the hours it is producing.

If electrolysers were impeded from taking advantage of this lower cost of electricity, it
would increase the barriers for hydrogen FCEVs to become economic by orders of
magnitude due to green hydrogen fuel’s greater (relative to BEV) demand for
renewable energy. The Concept analysis and Castalia modelling assume the same
underlying electricity pricing for BEVs and FCEVs; however BEVs may not be able to
achieve the same price in practice (see Table X.5).
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Factor Discussion

Road User Charge (RUC) RUC exemptions, which currently only exist for BEVs, don’t appear to be needed in

exemptions on e-trucks the longer term for e-trucks to be competitive with ICEVSs if the other factors in this
don’t appear to be needed table hold. For example, the Concept modelling includes no RUC exemptions and

in the longer term for finds that BEVs and FCEVs will become competitive with diesel ICEVs. The H2
FCEVs or BEVs to Taranaki Roadmap modelling has RUC exemption initially and then removes it. This
become competitive with analysis demonstrates that RUC exemptions appear to have a significant effect on
ICEVs. the cost per tonne-kilometre.

As already noted, the quantificatmim these studies focus on the graint and do not consider
whether alternatives sh as biofuels, blue hydrogen, cleaberningfossil fuels (e.g.methanol) or
modal shift might form part of either the immediate pattionger term end poirdgf decarbonisation

in this sectarTherefore, we find that existing studies and the relevaaityaes within have not
provided a thorough anr to the most economic method of decarbonising LDHF in New Zealand.

Unquantified issues and opportunities across all studies

In addition to the quantitative analyses, shedies listed imable X.1 contain discussion on
unquantified issues and opportunities around each of the alternatives seTableirX2.'” Our
review identifieda number ofactors that were not explicitly quantified imet analyses of green
hydrogen FCEVs, BEVs and diesel ICEVs and considerations around the other unquantified
alternatives that in our view would have a material imfact the factors that need to be true fo
green hydrogen to be the most economic methatkcdirbonising LDHFThese are summarised in
Table X5.

Table X.5
Material non-quantified issues and opportunities using alternative decarbonisation
methods for LDHF?®

Alternative Non-quantified issues Non-quantified opportunities
Green hydrogen / = The platinum problem, including = Longer life of fuel cells vs batteries
FCEVs sourcing and recycling.?° reduces lifetime costs of FCEVs
= Availability and pricing of FCEVs compared to BEVs.
suitable for NZ conditions. = Increased energy security/resiliency if
. Opportunistic production when produced locally. Additional benefit from
electricity prices are low may not be decentralised production.

viable if peak/off-peak differentials
reduce and TPM pricing increases
charges for off-peak use.

17 That is to say, across the entire list of studies each alternative is discussed. Not all studies discuss each alternative. Se
section5 for deailed discussions of each study.

18 \We discuss various other factors in secfighat are viewed as less material, inegenomic sense, either because their
impact is not expected to be great or because there are potengationis.

19The scope of this report is such that we examine only the alternatives considered by the studies reviewed. This is discussed
further in setion 3.5.

20 platinum is a critical component to fuel cells (under curreminalogy), and platinum is a rare and expensive metal.
Therefore, largescale adoption dFCEVs globally will likely require a substitute for platinum to be developed or
technological advances that reduce the amount of platinum required to run an FCEMnAMlgi recycling platinum at
the end of the life of the fuel cell is costly. As wedliss in sectioB.1, research is already underway to find alternatives to
platinum as a fuel cell catalyst.
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Non-quantified opportunities

Blue hydrogen /
FCEVs

Same platinum and FCEV issues as per
green hydrogen.

CCS technology is developing but not
yet widely established.

If only a transition fuel, stranding risk if
zero-emission alternatives become
commercial earlier than anticipated.

Blue hydrogen may initially be much
cheaper to produce than green
hydrogen.

Direct
electrification /
BEVs

The lithium and cobalt problems,
including sourcing and recycling.?!

As per FCEVs, availability and pricing of
BEV trucks meeting NZ specifications.
Use of ultra-fast chargers could reduce
battery life and performance.

If ultra-fast charging leads to charging
during peak demand periods, could
result in increased grid costs and
therefore increase BEV running costs.

Resiliency/security of supply, vs
imported fuels, of domestic energy
production.

Advanced
biofuel / ICEVs

Road user charge (RUC) exemptions for
BEV (and potentially FCEV) distort
decisions away from biofuels.

Supply constraints due to demand in
other sectors could strain uptake.

More immediate use than FCEVs/BEVs.
Use of existing ICEV fleet means
existing fleet does not need to be
replaced in near term.

Less flexible than road freight, and cost
and emissions savings still may not be
enough to offset this.

Investment will likely also be required to
update infrastructure for these modes.

More efficient from both a cost and an
emissions perspective.

Hydrogen FCEYV trains could be
cheaper than electrifying the remainder
of the North Island Main Trunk Rail line.
LDHF, promoted as most amenable to
using FCEVs, may also be the portion of
the freight task most amenable to modal
shift, given distances involved.

Our keyobservation upon review of these studies is that there are significaorsfaatside the

private costs borne by a freight operator which must be taken into account to determine the total

societal cost of adopting any or each of the above alternatives in lDNéw ZealandSignificant
issuedor e-trucksare scaling up thegechnologiesvhile relying onrare earth metals (platinum,

cobalt and lithiumphandt h e i

mmedi at e i

ssue of

t he |

either etruck becomes widely commercially available. Moreogentinuousadvances in battegnd
fuel cell tehnology leave significanincertainty over the next decade in terms of private costs.

Additionally, from a total societal cost standpoint, applying RUC on some vehicles but notiothers
essentially a crossubsidy. Presently, RUC exerts only exist for BEVs, but moving forward this

is likely to evolve to include other lovand zereemission options. The RUC in part funds road

maintenance, charged as a function of weight, not fuel ehdlwere is therefore a risk that applying

RUC exenptions to promote decarbonisation in a way that is not technolegtyal could
inefficiently distort fueland vehiclechoice away fronother decarbonisation alternativ@is risk is

particularly importat given the uncertainty and technological immigyusf decarbonisation options

for LDHF.

21 Lithium and cobalt are bothritical components to litium ion batteries (which run BEVs under current technology).

These are both rare and expensive metals, and cobalt mines in particular are extremely concentrated geographically. The

recent spikes in demand for these materials dlesir use in a range efectric technologies has led to major concern

about future price and availability, and current ethics in the supply chain. Therefore, continued adoption of BEVs at larger

scale will likely require substitutes for, or major redoies of, these materiafsoving forward. Additionally, recycling
these materials from batteries at the end of life is costly. As we discuss in 8e2ti@search is underway to find
alternatives to lithium and cobalt in batés for electric vehicles.
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Our analysis also highlights that quantitative analyses comparing the TCO of green hydrogen
powered FCEVs against advanced biofuels or blue hydrogen have notiy@eiemedalthough
they have been qualitativetynsidered? Additionally, the TCO forconventionabiofuelsand other
lower-emission options (g. methanol and LNGhas not been quantifiedalthough tlese could also
potentiallybe effectiveasmore inmediate transitional fugf®

Looking outside thenore narrowens of what fuel should be used in trucks, modal shift to rail and/or
coastal shipping could potentially result in material cost and emissions savings across the transport
sector, as well aslo¢r benefits including a substantial reduction irtkrmovements, road congestion
and highway maintenanc®@/e consider that modal shghould be further explored.

Our overall conclusion from our review of these studies is that there remains uncegamtyhat is

the leasttost path to decarbonisngtEDF i n New Zeal and, particularly
include goals for both shetérm and longeterm emissions reductiaasthe answers to each question

might be different.

Areas for further investigation
The key gaps @ have identified after rewiéng the existing studies are:

= Existing studies focus on comparing green hydrogen FCEVs and BEVs with ICEVs, but do not
consider broader alternatives for decarbonising LDHF such as biofuels, blue hydrogen, cleaner
burning fosdifuels or moal shift;

= Relatdly, the studies focusonlomgun economics (the “end point?”)
the economics of more I mmediate options to dec

= The studies were often completed with a different purposeans and therefore the motiied
and assumptions are not available in a way that the findings can be rigorously tested and updated
to account for future technology and cost changes; and

= The public data that exists t¢ime LDHF taskin New Zealand isrelatively sparse andggegated
which makes it difficult to dfine what LDHFmeandn a NewZealand context.

Our review suggeststhath e publ i ¢ pol i cy debpadients”ura nodu ntdh en gmao
immediatet er m “path” f or de c afitttommapubliclyayailddD8Fmodgd ul d b e
with overlays for social costs and benefithis would ideallycompare the full identified range of

options against each othemd allow comparisons to be made both in the longer and more immediate

terms. Such a odel would facilitate answerig a mor e hol i swhatecorpmie st i on su
options exist to decarbonise LDHF in both the in

This model wouldallow assumptions to be transparently testgutlatecand challengedMuch of the
analysis that would go into a mdlileg exercisdike the described public TCO modateady exists
but is contained in disparate reports and modhish focus on a subset of the options.

Similarly, a more disaggregated and detailed public data set on truck movements would make such a
mocel more useful and progress the policy discussiorergenerally. In particular, a better
understanding of how far trucks travel in a day, how much freight they carry and how many trucks fit
into different bands of daily tonAdlometres would enable bettglentification of the segments of the
LDHF task hat are amenable to different decarbonisation optibims.is particularly the case with

respect to BEVs where the current tradebetween range, payload and charging tingy/ not yet
economicallysuppat the needs of LDHF

22|n particular, theMinistry of Transporipapers and the NZPC report.
23 Noting that this is not considered at length by any of the studies reviewed.
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Introduction

1. Introduction

1.1. Motivation

Ara Ake has engagedERA Economic Consultingp conduct a review of the economics of using

green hydrogétito decarbonise londistance heavy freight (LDHF) in New Zealand. The research

guestion wevereaskedtio addressiffj what needs to be true for green
economic path to d®carbonising LDHF?9

New Zeal and’ s h e atesf7%tofralltakspoft enassidsit @azauntsrfaorily %

of total annual trave® A's M B A \&siosfor Hydrogengreen papenotes it is unlikely there will

bea single pathwaghat will decarbonisthe entire transport sectdrEven narrowing to hevy

freight, categorised as goods vehicles over 12 tofimesltiple decarbonisation alternativesi|

likely berequired. This is due to the differing demands of vehicle tasks (such as distance, weight
carried or number of stops) and thétability of different low and/or zereemission alternatives for
each taskThe appropriate decarbonisation pathlfBHF (distinct fromheavy freight) igarticularly
uncertaindue to the range and weight demands of the task.

Fuel cell electric vehicke(FCEVs) and battery electric vehicles (BEVS) represent different onboard

fuel storage options to power an electric motor B o-t h u @rk Iseing promoted a®lutiors to
decarbonise LDHF. The curremtivantage FCEVs havetlsat relative to BEVs, thecan carry more

cargo and complete lorgjstance trips without needing to refuel as often. This is because of the
currentlow energy density of batteries; put simply, batteries are currently heavy relative to the energy
they carry. In freight applicationghis results iratradeoff whereby BEVs must either carry more
batteries (and therefore less freight) to avoid neetdirsgjop and recharge or cafewerbatteries

(and more freight) but need to stop and recharge more often. FCEVs and traditiongiaiesed

internal combustion engine vehicles (ICEVs) do not experience thisdfattethe same extent and
therefore can carry more freight for longer without stopping.

A primary argument against FCEVs is thanverting electricity into hydrogenrfthe purpose of

then returning it to electricity to power an electric motor is inherently less efficient than poweting th
motor directly with electricity. This is due to the energy losses associated with producing hydrogen,
compressing it, storing it drconverting it back to electricity. Example estimates of electrical
efficiency are about 70% to 90% for BEVs comparedidout 25% to 35% for FCEVS.

The question oivhether BEVs or FCEVs are the more economic option for LDHF therefore depends
predominantly, but not exclusive®on whether the payload and refuelling advantage FCEVs have

24Hydrogen is not a primary energgurce, but a form of storing potential egyeconverted from a primary energy source
that can then be used towards a wide range of applicatiwrexample, industrial feedstock and/or process heat, grid
energy backup, or heating businesses and resisléitieen  hy dr ogen” i s hyrdnevableefectrigity.o duc e d
In the context of LDHF, hydrogen can be converted back into electrical energy in a device called a fuel cell, which emits
only heat and water as a-pyoduct, to power an electric motora vehicle. Green hydrogen is therefargarded as a
zeroemission fuel.

By “needs to be true”, we mean “under what assumptions”

26 Ministry of TransportAnnual fleet statistics 201815. Emissions profiles for more recent years are, to our knogyledg
unavailable.

2T MBIE, A Vision for Hydrogn in New Zealandeptember 201MBIE Green paper)p48.

28 New Zealand Transport Agency (NZTAZTA —VehicleClassesvebpage, accessed 15/12/20 from:
https://www.nzta.govt.nz/vehicles/vehidigpes/vehicleclassesand standards/vehictelasses/#NC

29Volkswagen. Se€igurel.1.

30 For example, using hydrogen in place of freight is also argued to have additoeéitdto the energy system by nature
of its ability to more easily store large volumes of energy thpossible with batteries.
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over BEVs offsets (and is expectiedcontinue to offset) the electrical inefficiency of using electricity
to produce hydrogen and power a FCEV.

Figure 1.1
Green hydrogen-powered FCEV vs. directly electrified BEV
Well-to-wheel efficiency comparison

E-car Energy Transportation Electric battery E-engine
and storage (high capacity)

r LILL

—_— E—— )

100 % ~70-90%

Overall efficiency rate
Hydrogen car Energy Electrolysis Compression and Transportion Fuel cell and Electric battery E-engine
liquefaction and filling power generation (low capacity)
/"

=] =55 i | S | E— [N ]

100 % ~25-35%

Overall efficiency rate

Source:Volkswagen.

There are, of course, other options for decarbonising LDHF, such as blue hygydiegen

produced from hydrocarbons such as natural gas, with the carbon sequestered and permanently stored
using carbon capture and storage 83 @@&chnology), biofuels, cleanburning fossil fuels, modal

shift (rail and coastal shipping) or combinatia@islternative fuels and modal shift.

In theory, f there are no market failures or coordination problems requiring government (or other)
intervention or funding, market forces should determine whether a technology such as green hydrogen
forms part of thdeastcost path to decarbonisation. Indeididea behind marketased approaches

such agheNew Zealand&Emissions Trading Scheme (ETiS}hat if a high enouglprice for carbons
signalled thentherole of government in determining what technologies should be adopted to
decarbonise LDHF (or any other sector for that maisdinited.

However, governmeritglecarboniation objectives coinciewith many lowemission technologies

still beingin nascent stagex adoption and commercialisatioit the same time, the current NZ ETS
price is substantially lower than the prices required to achieve a material amount of decarbonisation
activity in the nearterm3! This means that centralised funding and decisionintgaky governments

and other bodiegather than market forcesre influencing the decarbonisation path.

Although garernment action can help resolve coordination problems, when theréeisaina

uncertainty(as is the case for LDHR)is creates a riséif investing in technologthatis

subsequentlpvertaken by technology which progresses at a fasterTaieis particularly a risk for

New Zealand, compared to major global playesswe ar e | i kel y to 3reis a “tech
could result in otcomes where New Zealabhecomes locked into an inferior technoldgyd thus

pays higher prices and/or receives lower quality in the longwith)the risk thabssetould

31 New Zealand Productivity Commissiohgw-emissions economy: Final reppAugust 2018. (NZPC Lowemissions
economy repojt

32 New Zealand is a very small market compared to major economies such as the United States andi€@hihaenarge
markets and invest heavily in developing technologies. Any new technologies would be imported from overseas, and
t her ef or e shNheestmahewd! Ina infldeénce any economies of scale achieved in these technologies.
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eventually becme stranded Another risk is that present investmentay not k@ made to progress a
particular technology, based on the assumption that a different technology will become more
affordable at a later datk this fails to occur, then decarbonisation tasgeiay be missed or could be
more costly to achieve if a sharmlrcarbonisation path is subsequently required.

Given these risks and thidew Zealand is likely to be a technology taker, a prudent approach could
befor government to adopt a diversified istment strategy aridvest in numerous technologies

This wouldmeanthat when the uncertainty is resolvadreducedNew Zealand is welpositioned to
efficiently progress thse technologies that provide an economic means of decarbonising freight
movemets.

1.2. Scope of this project and report

To account fothese risks antb reconcilehe divergent views on the economics of using green
hydrogen tchelpdecarbonise LDHF, Ara Akasked ugo provide an independent review of the
economics of green hydrogeanLDHF. This review has four potentiaiages:

= Stage 1:Review the existing literature on green hydrogen applied to LDHF in New Zealand;

= Stage 2:If gaps are identified in Stagerianswering the research question thorougtiynduct
our own modelling of th economics of green hydrogen in LDWEh a focus on filling those

gaps;
= Stage 3:If green hydrogen appears to be economic, identify risks and potential impediments

(funding, coordination/public good issues, externalities, market structure, business, ratmjel
that might impede the development of green hydrogen; and

= Stage 4:ldentify potential solutions to issues identified in Stage 3.

This report covers Stage 1. We have reviealkdublicly availableNew Zealandfocused studies that
discuss the potemi role of green hydrogen for decarbonising LD¥We restrict our focus to

studes which account for the nuances of the New Zealand economy and geographic nature of the
freight task, although we have relied on international literature for support iexoewrwhere
appropriate.

To review the existing body of evidence on this questiee developed a framework for assessing the
economics of green hydrogen. This framework, refé#r o a scororhiefrarhework i s how we
think the research question shiblle answeredt comparesthe net social benefit (i.e. total social
benefit lesstotal social costs) of each decarbonisation alternative examinddNot e t hat
in this context meansonsidering the&conomic costs and benefits from a national oneoorwide
perspectiverather than assessingn-economic consideratiorssich asquity and fairnes®. The
economic framework gives us a benchmark against which to assess the robustness of existing studies,
whil e remaining “f uavhilethegmotivationifoc the.repdrtliarecent s t o s ay,
increase innterestand investmenin green hydrogen, our focus is on assessing the most economic

path for decarbonising LDHF, regardless of the fuel (or indeed nusee)

u“

socCi

33 This risk is of coursea function of the level of investment requirethe smaller the necessary investment, the less of a
concern lockin and stranding are.

34 Thisis an important caveat to conclusions dnévom ourStage 1 reviewGiven the nascent application of the
technologies we are discussing, information from public studies that are only a year or two old can quickly become out of
date.

35 Noting that the sque of this report is such that we examine only the alternatives considered by the studies reviewed. This
is discussed further in sectiBrb.

36 See, e.g., New Zealanaéhsury Guide to Social Cost Benefit Analyslsly 2015accessed 16/12/2Bom:
https://www.treasury.govt.nz/sites/default/files/2@iBcbaguidejull5.pdf For example, a carbon tax is one way to
creat e aasogafcobstvehich candoensidered in an economic framework.
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The economic framework formspafthefi a s s e s s me n t , whiagh avoleewassessiog:
= Whether the studies apply the appropriate economic framework;

= Whether the studies adequategpture the relevant costs and benefits; and

= The robustness and transparency of any modelling teahiducted.

Of coursegach passtudy had is ownspecific research question(s) and epsentgdits results in a
different way to the ideal set out in our assessment framework. This is to be eXpeetdiques in
this report shouldhereforenot neessarily be interpreted as an indicatiothef quality of thepast
work we have reviewed it may simply indicatehatthe studies are answering a different question
and have a different purpase

That being said, transparency of any modelling is parattowensure thdtture funding and policy
decisions are supported by complete and accurate information. Providing transparency around the
assumptions used in the different studies and reconcilangifferent conclusions reached is one of
the major purpses of the Stage 1 review.

As part of this first stage, we have engaged with numerous stakeholders in the transport and energy
sectordn New Zealando obtain feedback on the economic frameworkhaee adopted and to

ensure we are reviewing the rightdies (i.e., a complete list of existing studies which examine the
future of LDHF in New Zealand specifically including consideration of green hydrogen and FCEVS).

Table 1.1 sets out the@ublic domainstudies we have reviewed. Tbelour coding indicates whether
the studies contain quantitative economic modelling of using green hydrogen for LDHF (blue
shading) or are a qualitative review of LDHF alternatives including green hydrogen (green shading).

Table 1.1
New Zealand studies assessing the future of LDHF that consider green hydrogen
Study Year Depth
Modelling Hydrogen Pathways for MBIE, Castalia 2020 Economic analysis (model results)

Hydrogen in NZ, Concept Consulting for MBIE, Energy
Efficiency & Conservation Authority (EECA), Contact, 2019 Economic analysis
Meridian, Powerco, First Gas

H2 Taranaki Roadmap, Venture Taranaki/Hiringa

Energy/New Plymouth District Council 2019 Review/Economic analysis

Gas Infrastructure Futures in a Net Zero New Zealand,

Vivid Economics for First Gas and Powerco 2018 Economic analysis

Green Freight Strategic Working Paper and Background 2020/ Review and qualitative discussion of costs

Paper, Ministry of Transport (MoT) 2019 and challenges

A vision for hydrogen in New Zealand: Green Paper, 2019 Review and qualitative discussion of costs

Ministry of Business, Innovation and Employment (MBIE) and challenges

House View: Hydrogen, Z Energy 2019 Review and qualitative discussion of costs
and challenges

Low Emissions Economy Report, New Zealand 2018 Review and qualitative discussion of costs

Productivity Commission (NZPC) and challenges

The rest of this report is structured as follows:
= Sectbn 2 provides an overview dfDHF in New Zealand;

= Section3 summarises the technical characteristics of the different alternatives for decarbonising
LDHF considered by the studies we reviewed;
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= Sectiond set out theeconomic frameworkwe consider should be used to evaluate the economics
of green hydrogen and alternatives for decarbonising LDHF, as well asgégssment
framework we use to reew the studies;

= Section5 provides a higHevel summary of the studieve reviewed and their conclusions, with
discussion split between studies that are a quakitassessment and those that contain
guantitative modelling (the focus of our review);

= Section6 assesses the quantitative modellingluding comparing the cost tmomes and
conclusions across the studies;

= Section? provides a qualitative assessment of aspects of using different fuels, including those that
were not quantifiech any of the studies; and

= Secton 8 looks at areas identified for further investigation

© NERA Economic Consulting 14



Overview of heavy freight in New Zealand

2. Overview of heavy freight in New Zealand

In this section we provide a brief overviewhafavy freighin New Zesllandand distinguistiong-
distance heavy freiglitom other heavy freighto the exteninformation isavailable Table2.1
provides an overview dfeavy freight in New Zealand.

Table 2.1
Overview of heavy freight in New Zealand

Freight composition In New Zealand in 2017/2018, 93% of total tonnes of freight was transported by
road.®” Intraregional freight makes up 77% of this road freight, 14% travels to an
adjacent region and 2.2% travels between islands.3® For shorter trips, road freight
is more cost efficient than other options and New Zealand’s road freight demand
has been increasing over the last decade.®®

Freight emissions The heavy fleet carrying this freight contributed 26.7% of all transport emissions in
2017, but only constitutes 7% of total annual travel.“° Each heavy vehicle over 10
tonnes emits 1,420 grams of COz per kilometre,*! and in 2017 heavy trucks in
New Zealand emitted 3,115,000 tonnes of CO2 to the atmosphere.*? Over half the
emissions from heavy freight comes from interregional travel,*® which as noted
above is just over 15% of freight moved.

Fleet composition In 2019 there were over 160,000 heavy trucks on the roads in New Zealand,**
increased from 144,000 in 2017.° More than 55% of heavy vehicles are part of a
fleet of five vehicles or less.*® We understand that heavy trucks in New Zealand
have axle load restrictions that are lower than most other countries, requiring more
multiple axle vehicles for a given freight task than elsewhere.*” New Zealand is
also one of few countries globally with right-hand drive.

Freight movement Heavy trucks travel almost 3.5 billion kilometres annually as of 2019, increasing
every year since 2013.%8 The heaviest trucks (gross weight over 20 tonnes)
accounted for 36% of the truck fleet but 64% of the total kilometres travelled in
2017, with increasing weight of a vehicle directly correlating with increasing miles
travelled.*®

A major factor incomparing the economics BEVs against other road freight alternatives is the
route andkilometres travelledf thetruck within a givendriver shift(due to range limitations under
current technologyExisting data on the routes driven by certain fretgicks is sparse and

37 Another 5% was by rail and another 2% coastally. Ministry of Transport (ZDi8)Green Freight Projeét Background
paper on reducing greenhouse gas emissions from road freight in Neandehitough the use afternative fuels,
September 2019, pg.11. (MoT Background Paper)

38 MoT Background Papepl3.

39 MoT Background Papep12; Ministry of TransportAnnual fleet statistics 201915

40 Ministry of TransportAnnual fleet statistics 2@, p15

41 Ministry of TransportGreen Freighti Strategic WorkindPaper, 2020 (MoT Strategic Working Paperyable 1.
42MoT Strategic Working Papgfable 1.

43 NZPC Lowemissions economy repopt 375.

44 Ministry of TransportAnnual fleet statistics 2®, p15.

45MoT Background Papep12.

46 MoT Background Papepl3

47T Hiringa Energy, Venture Taranaki, New Plymouth District Coytt@ Taranaki Roadmap How hydrogen will play a
key role in our new energy futyrglarch 2019, p34AH2 Taranaki Roadmap)

48 Ministry of Transport (2019)Annual fleet statistics 201915.
49MoT Background Papep12.
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relatively aggregatedyut understanding the driving patterns of tieavyfleet by weight in New
Zealands key to determiningvhich alternativfuel may suitdifferent parts ofhe freighttask

For examplea truckmighttravel ahigh amount of kilometresach daybut make multiple stops to
load and unload during whichBEV couldtheoreticallybe charging® A truck moving freight from
Auckland to Tauranga, Tauranga to Hamilton, then Hamilton back to Auckland coulebtitedty,
have the opportunity to charge twice during@gaghly450km*“ s h ilnfcantrasta truck takng
freight fromAuckland to Palmerston North woultcive aroughly 500km trip giving no potential
opportunityfor a BEVto charggwithout extra timecosts)while covering a similar distanc&he load
of freight requiredn eachexamplealso influencethe economics othe chosewehicle or fuel These
examplesllustrate tre complexity of the heavy freight tadkowever |t is currently notapparent from
public data which trucks follow which routeend how frequently.

It does appear that on an annuaibdhe heaviest truckgredominately travel thieirthest each year
The chart below shows 2010 data from kh&T on heavygoodsservicevehicles (HGSVs) annual
distanceby gross vehicle mass (GVM) bariRecognising thathis represert the state of thirggen
years ago,tis chart shows thaiver 90% of allHGSVsthat travelled more that00,000 kms that
yearhad a gross vehicle resiofover 20t.From this chart we can see thia¢re are a variety of
different truck weights from 20t to over 30t travelliagywhere between 100,000kms to more than
300,000kmsAlthough these would all be considered LDHF, there is still variation inweght and
driving patternswhich may result inrdifferent requirementsf the freight truck.

Figure 2.1
Percent of HGSVs travelling within an annual kilometer band
By GVM band
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Source NERA analysis of MoT data.

Similar data are available forG&8Vs by annual kilometre band in 2019, but these data do not
disaggregatey GVM band (and therefore we canntall what size truck is travelling in the distance
band) Comparing thdreakdown oHGSVs by kilometres travelleth 2010 to 201%s a sense check
on the validiy of the 2010 date3.1% ofall HGSVsin 2010 and 3.7% in 201@®oughly 4,700 trucks
in bothyearg travelled overl00,000kms.

50 The logistics of charging while loading/unloading are also relevant if a heavy BEV were to require special charging
equipment.
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3. Methods of decarbonising LDHF in studies
reviewed

Each option considered as an alternative to the status quo has the potential to get the heavy freight
sector to nezxero carbon, in some casesdifsetting remaining carbon emissions with afforestation.
The extent to which anglternativeis considered ithis section is dependent dneir consideratiotoy

the studies we have reviewed. That is to say, there are dlieather ways to lower themissions

profile of moving freight around New Zealand, but the scope of this paper is to evaluate the
approaches examined so Bgrthe studies reviewed

We describe each optidrom atechnicalperspectiveat a higheveland set out the technological
progress and relevant New Zealand projects we are aware of to date. The technical descriptions in this
section are intended to be brief, serving as context for the following settions.

3.1. Hydrogen (using FCEVSs)

Hydrogen is not afimary energy source, like fei fuels or wind, but insteastores potentiatnergy,
and must be converted from a primary energy sotd¢hen combined with oxygen, hydrogen
releases energy to be harnessed as fuel in a fuel cell with only water aad bgptoducts>

Although hydpbgen does not release carbon emissions when used as a fuel downstream in a vehicle,

the process to produce the hydrogen upstream may, depending on its primary energy source. Most
hydrogen produced today is producedsbgam methane reforming (SMR) usingumal gas, and to a

lesser extent partial oxidation using heavy oil and coal, therefore releasing carbon emissions in the
production process. These ar e °tHevweeer, lovetdzeddo as “gr
emission production methods are begiigrto emerge with green and blue hydrogen (see sections
3.1.1and3.1.2 respectively).

Hydrogen after extraction does not have very high energy density, for example, compared to electric
batteries?® Therefore, it is generally compressed to increase its energy density and reduce thé physica
space required to transport it. Compression regeinergy, and therefore resiih additional lost

energy to get hydrogen to its final point of use.

The econonts of supplying hydrogen fuel to vehicles at a refuelling station is significantly
influenaad by theproximity of the supply, as these different distribution methods have materially
different costs® C e n t r mdductomofdgieen hydrogen would seichthatprodudion takes place
in alocation near t@ large renewable energy source and is toenpressed and transpor{geither
by truck or pipeline) t@arefuellinglocation which includes the cost$ production, compression,

)

51 Helpful and more ifdepth techicaldesc i pt i ons can be found in Concept’'s Resear
Background Paper, and the H2 Taranaki Roadmap. Additionally, helpful technical diagrams of the inner workings of
ICEVs, BEVs, and FCEVs can be founchéps://afdc.energy.gov/vehicles/hale-gasolinecarswork.

52 Despite being the most commonly occurring element on earth, hydrogen occurs in its pure form rarely in nature. Primary
energy (such as haal gasthe sun, wind- any naturally occurring fuel source which can be used immediately and
directly) must therefore be expended to extract the hydrogen from another compound. Therefore, we can think of
expending energy to extract hydrogen as stahiageneryg in the form of hydrogen.

53 Hydrogen, when burned directly for energy, will emit nitrogen oxides as an emission (see: Florida Solar Energy Center,
“Hydrogen Basics Internal Combustion Engineés, accessed 15/12/20 from:
http://www.fsec.ucf.edu/en/consumer/hydrogen/basics/utilizatientm) However, when hydrogen is applied to
generate electricity in a fuel cell these emissions arereated. H2 TaranalRoadmapp17;Connecticut Hydrogefuel
Cel | C oFauél ¢elt Endronmental Impdct, a c c e s s e d htth:Bchfdc.Brij/r2<®urdes/fugeti-
envirommentatimpact/

54 MBIE Green Paper,40-41.

55 put another way, a tank of hydrogen with the same energy, with no compression, would take up much more space than a
battery that stored the same volume of energy.
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transportatiorand distrbution®®* Decentr al i sed” p gendaeuld beisachthad f gr eer
theproduction takes place on site of the refuelling location and is compressed and stored for use

including the cost of pauction, compression, and stor&@j&hese two methods willave

significantly different capital costs inghr production given economies of scale and energy

efficiency.®

I n a centralised” production model, hydrogen fu
a refuelling station. Hydrogen is gendydtansported as a gas througpipeline (such as a natural

gas pipeline, either blending with existing gas or retrofitting to accept pure hydiogeas a

compressed gas in a carbon fibre cylinder or tank by truck to its destiffafiechnologies are

developing, although not yetonercially available, around storifiquified hydrogen in cryogenic

tanks®! This increases the density of the fuel and allows more to be carried in a smaller space,

ultimately decreasing the cost. A final option is to bbgdrogen to a chemical carrier convert into

ammonia, which allows the highest density of hydrogen to be transported but requires conversion

back to pure hydrogen at the final point, which uses additional effergy.

Therefuelling infrastructure network pposed by Hiringa is such thadth centralised and
decentralisedptions would be establishéAdditionally, Firstgasas receivea Provincial Growth
Fund grant tassess whether hydrogen can be transported via existing piftimersas 100%
hydrogenor blending with natural g&é Firstgas and Hiringhave announced a collaboration
agreement in November 2080whichtheyplan toadvis each other on each of these projeatd
potentiallycollaborate on other projects towards developipgrogen pipehe infrastructuré®

From herehydrogen fuel can besed within an FCEVThe basics of how a hydrogen fuel cell works
are shown irFigure3.1. The electricity generated by the fuel aalhverting the hydrogen fuel
continuously cargesa smaller batterywhich powersan electric motor (like a battery electric
vehicle), making an FCEa zereemission vehicle.

56 H2 Taranaki Roadmap34.
57H2 Taranaki Roadap,p34.
58 H2 TaranakRoadmapp34.

59 Offic e of Energy Efficiency & Renewable Energy, “Hydrogen Pipeliné's acaessed 15/12/20 from:
https://www.energy.gov/eere/fuelcells/hydroeg@pelines

60 Concept (2019 Hydrogen in New Zealand Report Research29 January 2@ (Concept Research Repog)lL0.
61 Hydrogen Council (2020Rath toHydrogenCompetitiveness A cost perspectiv0 January 2020, p39

62 Concept Research Repanf,0.

63 H2 Taranaki Roadmap33

64 First Gas, Hydrogen pipeline projed gets Governmeritinding acaessed 15/12/20 from:
https://firstgas.co.nz/news/hydrogpipelineprojectgetsgovernmerdfunding

65 Hiringa Energy Fir stgas and Hiringa Energy have sights set on advancing green hydrogen togethesessed 15/12/20
from: https://www.hiringa.co.nz/post/firstgadhiringa-energyhavesightsseton-advancinggreenhydrogentogether
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Figure 3.1
How hydrogen fuel cells work

The hydrogen atoms
enter at the anode.

The atoms are stripped Heat
of their electrons in the Heat -c -
anode.

The positively charged protons Hydrogen in Oxygen in
pass through the membrane to the
cathode and the negatively charged
electrons are forced through a

circuit, generating electricity.

After passing through the circuit,
the electrons combine with the
protons and oxygen from the air to

generate the fuel cell's byproducts:
water and heat.

Source: Fuel Cell & Hydrogen Enerdysociation, at http://www.fchea.org/fuelcells.

Water out

FUEL CELL

An emerging issue with production of fuel cells #me commercial scale is that platinum is used as
a catalyst within the fuel cell, which is a highst precious metal with environmental concerns in its
extraction®® This point does not appear to be a commercial issue yet, but could as the demand for
hydrogen fuel cells grows with hydrogen use. The amount of platinum used is very small and
platinum can be recycled at the end of its life in a fuel®#llit there is limited platinum available to
mine and recyclé& For context, platinum is also useddatalytic converters in traditional ICEVs in
smaller amounts, and it is where the majority of recycled platinum is reclaimed fronftoday.
Reduceeplatinum anl platinumfree replacements are underway to resolve this bafrier.

Presently, a number of newdexisting auto companies are piloting hydrogen fuel cell heavy trucks
including HYZON, Nikola, Daimler/Volvo, Toyota/Hino, and Hyundai. At this stage nortleesie
trucks are available commercially, but most are in pilot stages.

Hiringa Energy has partred with HYZON to secure FCEV heavy trucks for service in New Zealand
beginning in 2021, with an initial group of 20 trucks and plans to roll out over 1Kty 2026

3.1.1. Green hydrogen

An alternative to SMR is water electrolysis, which uses elegtticiseparate water molecules to
extract hydrogen. When electrolysis is performed by applying electricity from a renewable primary
energy source, the resultipgoduct is considered green hydrogen as there are zero carbon emissions

66 Sulfur oxides ee produced in the extraction of platinum. Deloi2620), Powering the Future of Mobility Hydrogen
and fuel cell saltions for transportation202Q p.81

67 Deloitte (2020) Powering the Future of Mobility Hydrogen and fuel cell solutions for transpation, 202Q p.81

68 FuelCellsWorks; Platinum in Fuel Cells: Too Precious for Clumging August 2019, accessed 15/2@from:
https://fuelcellsworks.com/news/platindimfuel-cells-too-preciousfor-clumping/

69 Johnson Matthey?gm market reportMay 2020, fromhttp://www.platinum.matthey.com/documents/new
item/pgm%20market%20reports/pgmarketreportmay-2020.pdf p26.

0 Argonne National LaboratoryPlainum-free atalysts could make cheaper hydrogen fuel te#l@ May 2020accessed
15/12/20 fromhttps://www.anl.gov/article/platinumfreeatalystscould-makecheaperthydrogerfuel-cells

Hi r i n g a HiEing@Enggy and HYZON Motors to Deploy Fuel Cetbwered Heavy Trucks in New Zealand in
2 0 2 31"Apgust 2020, accessed 15/12fin: https://www.hiringa.co.nz/post/hiringenergyandhyzonmotorsto-
deployfuel-cell-poweredheavytrucksin-new-zealandin-2021
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produced. This means thiie use of electrolysis to produce hydrotepower an FCE\treatesa
zeroemission life cyclé?

Currently, the most mature and common form of electrolgsadkialine electrolysis, which has been
used for over a century in industrial settings. Newsemt of electrolysis (polymer electrolyte
membrane electrolysis and solid oxide electrolysis) are quickly developing which provide more
efficient production of fidrogen’®

We also understand thadnverting biogas to methane, from whatkam reforrationis used to
produce hydrogen is another formgseen hydrogefrt. This formof green hydrogen is not zero
emission like electrolysis from renewable electricity isuhsteadcarbonneutral This isbecause the
initial feedstock is made from plantstfigh absorb carbon), but the hydrogen production process
releases carbo caveat which we return to in our discussion of biofuel is that if cadpoitting
agriculturd processes are used to grow the initial feedsfegkh asisingnitrogen fertiliser)the
production is no longer carbon neutral.

Hiringa Energy, in their FCEV fleet development, plans to impleraanix of centralisedyeneration
with distributedfuel, distributed @ecentralisedgeneratiorand thirdparty generation with offtaki®
provide fuel to theirefuelling station network®

3.1.2. Blue hydrogen with CCS

One solution to reduce the emissions from traditional §iviitluced hydrogen is using a carbon
captue and storage (CCS) proceS#/R reacts methaneisuallyfrom naturalgas with high
temperature steathetween 7080C and1,000C) in the presence ofraetal catalgt, which produces
hydrogerandcarbon monoxidé® CCS technology extracts the carbon produdering the SMR
process and transports it by pipeline to be pumped into a storage site, typically depletéaefossil
deposit sites’

Recently fited CCSprojectshave captured 90% chrbonemitted’® A developing technology called
the Allam cycle captes 100% otarbon emission$ but presently there is only a single test facility
up and running employing this technoldyhe geological soundness of the storage location is
imperative to CCS remaining effective in the very long%un.

Aside from the SMPRproduction process itsethe costs associated with blue hydrogen include the
carbon price on the residuathissionsand the CCS costs: carbon capture at the production site,

72 Excluding the emissions created in the prettbn anddisposal of the vehicle, or the electrolysis plant.
73 H2 Taranaki Roadmap25.

74 H2 Taranaki Roadmap25;Minh, Doan Pham, Tan Ji Siang, Bédiet N. Vo, Thanh Son Phan, Cyrille Ridart, Ange
Nzihou, and Didier Grous¢2018)"Hydrogen productin from biogas reforming: An overview of steam reforming, dry
reforming, dual reforming, and treforming of methang'Hydrogen Supply Chaingp. 111166. Academic Press.

S Hiringa EnergyFuelingNetwork, accessed5/12/20 fromhttps://www.hiringa.co.nz/refuellingetwork

76 Office of Energy Efficiency & Renewable Energy (2028ydrogen Production: Natural Gas Reformirag,cessed
15/12/20 fromhttps://www.energy.gov/eere/fuelcells/hydrogeoductionnaturatgasreforming

7T Concept Research Repqug5.

8 EAGHG, “Toward Zero Emissions CCS% fRaane sP ooWarcBA®@npatsisd’'n s U S i
6-7.

7 Allam, Rodney & Martin, Scott & Forrest, Brock & Fetvedt, Jeremy & lu, Xijia & Freed, David & Brown, Bill & Sasaki,
Takashi & Itoh, Masao & Manning, James (201@gmonstration of the Allam Cycle: An Update on Bevelopment

Statusof a High Efficiency Supercritical Carbon Dioxide Power Process Employing Full Carbon Capiueegy
Procedia 114. 59485966.

80 power,“300-MW Natural Gas Allam Cycle Power Plant Targeted for 2022 November 201%ccessed 15/128%rom:
https://www.powermag.com/38fw-naturatlgasallam-cycle-powerplanttargetedfor-2022/

81 Intergovernmental Panel on Climate Change (200&)bon Dioxide Capture ahStorage2005, p.197
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transportation of the gas to the storage location, and storing the carbogranddr(compression,
injection, and availability of suitable sites). These can vary widely depending on the specifics of the
technology applied and infrastructure and storage site availability and proXimity.

The USbased startip 8 Rivers, the developef the Allam cycle®® throudh their New Zealandbased
subsidiary Pouakai NAnnounced plans in 2018 to develop lasgale hydrogen, power, ammonia,
and urea plant employing the Allam cycle using naturaftas.of last year, Pouakai NZ was
expecting to hee this facility operatinal by 2024°

3.2. Direct electrification (using BEVS)

A BEV uses an electric motor, like an FCEV. The electric miotarBEV s insteadpoweredsolely

by a battery, which is charged by an external power source. If entirely reneheditecity is used to

charge the battery, these of 8BEV has a zer@mission life cyclé® If the vehicle is plugged into the

grid to charge its battery, it is the mix of primary energy sources (i.e., renewable r@meavable
generation) being used power the grid at theme of charging which determines the {fgcle

emissions ofunningthe vehicleGi ven New Ze a kesoccatborsenewables/pertetragoh
(averagingnearly 7046 since 201%’, New Zealand is well positionddr BEVs to have z®

emissions if they charge outside of peahknanchours when fossiluel peaking plargtrun. As this

generation sector decarbonises in the future, the time of charging will become less of an issue from an
emissions perspective.

Heavy BEVs will require spcial charging infrastructure which can accommodate a fleet of vehicles
overnight. Unlike FCEVs, which refuel in a similar timeframéQ&Vs, BEVs take several hours to

charge depending on the charger wattdge technology to improveis in a meaningfuvay is only
beginning to be established commerci&fiven with the expectation that the highpacity charging
requirements for heavy BEVs whle met, thiscould, depending on when charging happens and

whetherit does in fact neetb be very high camity,®® have a significant impact on the electricity grid

if the nation’s fleet of LDHF vehicles were to

The batteries in BEVs, given current technologg,large and make up a significant proportion of the
weight of a vehicle in comparisda traditionallCEVs. Although this is not an issue for sneall

passenger BEVs, it becomes an issue for LDHF where every tonne of weight added by a battery is a
tonne of feight that cannot be taken in a thip the heaviest vehiclekie to road weight strictions

However, it is unclear to what extenigiwill be an issue for heavy BEValthoughthere is clear
consensus that heavy BEVs will requér@ough batteries toegin diminishing payload capabilities
compared to an ICEV, it is difficult to finatliable,publicinformationdemonstrating how significant

82 Concept Research Repq26.
838 Ri \B®ivess,Hydtogeh , essedd5/12/20 fronhttps://8rivers.com/portfoliofBivers-hydrogen/

84S t u Tafanaki‘hydrogengwer project could cost $4p28 Novembe018, accessed 15/12/20 from:
https://www.stuff.co.nz/taranakiaily-news/nevs/108888547/taranakjasreservesot-robustashbilliondollar-project
looms

85S t u $3f4h Taranaki energy centre could be up and running in"2023uly 2019, accessed 15/12/20 from:
https://www.stuff.co.nzAranakidaily-news/news/113558410/34aranakienergycentrecould-be-up-andrunningin-
2024

86 Excluding the emissions created in the production or disposal 8Eke or the power station.

87 Note that geothermal generation is excluded from this statst it is a renewable source but is not zendon. MBIE,
“Electricity Statistics, accessed 15/120 from:https://www.mbie.govt.nz/buildingndenergy/energaandnaturat
resources/energstatisticsandmodelling/energystatistics/electricitystatisticé

88New AtlasWor | d’ s fastest EV char ger”, 2§ Apil2dl8, docassedls5/$2/20foM: mi | e s
https://newatlas.com/abRbOkW-fastcharger/54377/

89 For examplethe impact on the grid would be reduced if charging of trucks happened ovesiightawer capacity
charging infrastructure.
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this issue will be in practicgiven the limited number a@xistingheavy BEVs Additionally,some
groups have oted thaBEVs (andthereforeFCEVs) should theoretically have lightgowetrains
thantraditional ICEVs due to themission of certain components required in an internal combustion
engine which are unnecessary éectric motors® which couldalso affect overall payload
capabilities™

The lithiumion batteries used in BEVs are madditbium and cobalt, which are rare earth metals
requiring significant energy to extratThe recent spikes in demafat these materials due toeir

use in a range of electric technologhes led to major concern about the future price and availability
of the materials, and ttexistingethics in the supply chaii.Some components in the batteries can be
recycled, but it is costlgnd dangerou® do s&® Lithium-ion batteries contain toxic and flammable
materials, and therefore recycling these batigrrevents these materials from degrading the
environment and reduce relianceroimeral extractiormndspecific supplierg€® Research ideing

done in this area to find battery technologies which require less to none of these niaterials.

ChargeNetNZ insté&d the first pair of publicly available 300kW chargers in August 20R0ost
light BEVs are not capable of charging at this levelafglithed charging stations around New
Zealand are generally 50Ky, but the installation is an example of the technolaggression in
motion around BEVs in New Zealand.

The vehicle manufacturers currently developing heavy duty BEVs include Daimlen,Volv

Volkswagen and Tesla, none of which are commercially availabf@get.on Musk ( Tesl a
has stated in an intervieww November 2020 that Tesla is expecting the Tesla Semi to have a range of
1000km and a payl oad r'@rbuaference,the arifjinal'Tespame” 1 t onn
estimates were two models with 500km and 800km expected rifhges.

S

9ON A C F Electrit Trucks: Where they make sehseccessed 15/12/20 fromnttps://nacfe.org/emerging
technology/electrigrucks/

91 Noting that, if this theory is true, FCEVs would benefit most from this in terms of increased payload capabilities compared
to traditional ICEVs.

92 Deloitte (2@0), Powering theFuture of Mobility i Hydrogen and fuel cell solutions for transportati@02Q p.83.

93 Recent price spikes have occurred in both materials, generating concern over long term availability. Although various
continents have lithium mines, over 65% of cobatiduiction occurén the Democratic Republic of Congo. There have
been recent issues regarding cobalt mining from this country due to a lack of transparency in the material origins and
supply disruptions. See McKinsey & Compahithium and cobalt a tale d two commoditis June 2018

“Beaudet et al (2020), “Key Challenges and Opportunities f
Sustainability 12(14), p.583.
%Beaudet et al (2020), “Key Chall englees Batdt eOpyp oMa tuenriita less” ,f «

Sustainability 12(14), p.583.

%Reut Ehsna“s CATL is developinganew eEx\Edugasadp2d, 'gccessedt h no ni c |
15/12/20 from:https://www.reuters.com/articleAcsattbatteries/chinasatlis-developingnew-ev-batterywith-no-nickek
cobaltexecsaysidUSKCN25B0OBA

“Char ge NEehargeN@ NZ ifistadl New Zeal and’' s fchasgerg 27tAugEs@@ dcecessed Ve hi c | e
15/12/20from: https://charge.net.nz/chargemetinstallsnewzealanddastestelectricvehiclechargers/

98N Z T AElecttic vehicle charging stations list vieyaccessed 15/12/20 fromttps://www.journeys.nzta.govt.nztev
chargerdist-view/

99V o xBig electric trucks and buses are cominger e’ s how t o s p &9eNdvenbpr 2020, accesseda n s i t i on
15/12/20 from https://www.vox.com/energgndenvironment/2020/11/19/21571042/teslactriccarstrucksbuses
daimlervolvo-vw-charging

0] n s i d eEloiEMUsk; Tesla Semi toeg 1,000 km (621 miles) of range24 November 202@&ccessed 15/12/20 from:
https://insideevs.com/news/456354/elonskteslasemi1000km-range/

WTes| a, “ Te ssted 158220 frohmitps:Aveves.teslacom/semi
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3.3. Advanced biofuel (using existing ICEVS)

Biofuelsaremade from plants and organic waste materials. Currently, there are two distinct
categories obiofuels

= Conventional biofuels, arebiofuels that must be blended in low levels (up to about 7%) into
fossil diesel to be compatib¥eth existing diesel vehicle'$?

= Advanced biofuels specifically renewable diesel, can replace diesel completely as it is
chemically the same as petroleum di¢$€Thi s i s consdindedfadla ‘sdimecp it
used in existing diesglowered vehias and distributed using existing diesel infrastructtfre.

Renewable diesel is currently the only technology which can provide a net zero carbon outcome on its
own, while the use of conventional biofuels as they stand today would leave a large gaptiogffse
carbon emissiong:or conventional biofuels to be a f#etro option, existing ICEVs would need to be
retrofittedto allow for100% conventional biofuel us& This has not been explored in detail by the
existing studies but could potentially be anravefor decarbonisatioitherefore, we set aside
conventional biofuels as a considerationveishout additional consideration of retrofitting or vehicles
developedor use this would largely put the costs considered into the same category as contieued us
of diesel with a separate carbon offset.

This is consistent with the analysis in t@istry for the EnvironmenfMfE) January 202@narginal
abatement costurve MACC) report which considers thadrop-in biofuels are the most prospective
to displace dssil fuels from existing vehicles, rather thdevelopingalternativeor retrofitting

vehicles to accommodatenventional biofuel$®® They note tfs is in pat because New Zealand is a
technologytaker for transportandglobal focus has turned towartte likes of electricvehicles rather
than the development bfofuetready alternative vehicles.

Using a renewable dieselin ®EVst i | | creates emissions during co
although its combustion is theoretically carbon neutral becearbon is offset through the life cycle

of the fuel (being made from plants, which absorb carB8ijowever, this fact is undecrutiny

given the range of potential organic matter used and variance in production métReasewable

diesel can be produddrom biomass materials such as crop residues, wood, sawdust andJfasses
However,scaling ugs considered challenging by serasthere are currently limited amounts of

sustainable waste feedstock from f#fond and norfeed sourced!® Scion, in theilNZ Biofuel

Roadmapsuggest thgproducing drogn fuelswithin New Zealandrom lignocellulosic crops in the

shorterterm androm trees grown on non-arablelandin the longeiterm maybe attractive optios to

produce domesticall{*!

102 Scion (2018)New Zealand Biofuels Roadmap Summary Repekuay 2018 (Scion Summary Report), p12.

8ys Ener gy | nf or maBidfuelsexplaithed-ibinmasshased diesed foels, “accessed 15/ 12/ 20
https://www.eia.gownergyexplained/biofuels/biodiesaldepth.php

104 Scion Summary Report, pi3.

105 For example, a heavy truck specifically designed by Fulton Hogan to run on 100% biofueld@gnrQinristchurch.
Fulton Hogan, “Fulton Hossedi5/12/a0Krenkttpd:/ivwat.fldtondo@sd.coméutteco ent ”, acc e
hogantakesit-to-100-percent/

106 Ministry for the Environmentilarginal abatement cost curves analysis for New Zealaanuary 2020MfE MACC),
p84.

107NZPC Lowemissions economy reppp366.
108 NZPC Lowemissions economy reppp366.

1®ys Ener gy | nf or maBidfuelsiexphaihedibinnmasshased digsedfoels, “accessed 15/ 12/ 20
https://www.eia.gov/energyexplained/biofuels/biodigsaliepth.php

110|RENA, Advanced Biofuels: What holds them badk8vember 2019, p19.
111 Scion (2018),New Zealand Biofuels Roadmap Technical Reffatruary 2018Scion Technical Reportp77 & 79.
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While theoretically biofels can be carbon neutralipply chains must beeet sustainable standards,
as biofuel production can create negatisasequences for water and soil quality and fertilisers used
in biofuel crop production may use nitrogen fertilisers (the productiorhafweleases carbohY:
Additionally, the land use change from biodiverse forest to cultivated land may reducebtite car
offsetting to such an extent that emissions exceed that of fossilftels.

Neste Corporation is the largest producer today of renewl@sel, with production facilities in

Singapore and the Netherland$Neste suggestafter studies and field trigl that its renewable

diesel also burns cleaner than traditional digberefore also reducing emissions at the tailpipe.

There are varias other refineries currently producing renewable diesel, but in recent years investment
in biofuels has declinedapally.*®

3.4. Continued use of diesel with carbon offset (using
existing ICEVS)

A netzero carbon option is the status quo of diéS&lVs whileinvesting in a carbon offset through
afforestation. This would mean status quo continuation of established ingpofiiiesel fuel,

distribution through pipelines, existing refuelling infrastructure and maintenance for each component.
Section2 discusses thstate ofcarbonemissionf the LDHF fleet in New Zealand.

The route to achieving net zero carbon through this approach is by investing in land use change to
forest in order to offset the carbon emitted by the combustidiesél.However, many organisations
and commelial contributors to carbon emissiohave set goals to surpass the status qupaansiich,
much of this report focuses on the alternatives described above.

3.5. Additional alternatives not considered

Along with the various methods of achieving net zero cafbohDHF in New Zealand considered

here, there are a number of other avenues which we do not explore further. We have limited the scope
of our review to the options explored in the existing studies set diabie 1.1. This does not mean

that other potential alternatives are not without merit, but instead [kedythe option into a category

of either achieving net zero (rather than zero) emissions or is based on a technology inhimt

early a stage of development to consider seriously at this stage.

For example, the economics of converting the New DelldDHF fleet to FCEVs and using brown
hydrogen could be evaluated, but this would require a carbon offset of some kintterfalternative

one could investigate is an emerging technology called methane cracking, which creates hydrogen by
splitting methae with solid carbon, or graphite, as the othepbyduct (which can then be used
commercially). However, this technologysil in pilot stages?!’ Additional options such as adopting

112NZPC Lowemissions economy reppp366.
113 yusitalo, V., Vaisanen, S., Havukainen, J., Havukainen, M., Soukka, Ri, &t an e n , M. 6oPpfinfod ) “ Car bon

renewabl e diesel from pal mRenewable Engrgf9 1081dha oi | and rapeseed
114|RENA, Advanced Biofuels: What holds them badk@vember 2019, p19.
USNESTE, “Reduced emi s s onuhitss!/wwwaeaste.eos/sreddctsipiodudis2én@n@blefad

transport/reducedmissions
116 |IRENA, Advanced Biofuels: What holds them badk@vember 219, p 14 &19.

WHazer Group, “The Hazer Phtmdhesegbup.comadabsitsieaderphdds Di2kel2 0 f r o m:
“Blue hydrogen as an enabler of green hydrogercdabe 6 Germany, The Oxford Institute for Energy Studidgay
2020,p17.
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vehicles powered by natural gaismethanotould befurtheralternatves, asthe emissions profile of
natural gas is lower than diesél.

3.6.

Table 3.1
Summary of decarbonisation alternatives considered in existing studies of green
hydrogen for LDHF

Summary of alternatives considered in studies reviewed

Green Blue Direct Advanced Diesel +
hydrogen / hydrogen / electrification  biofuel / carbon
FCEVs FCEVs /| BEVs ICEVs offset /
ICEVs
Production Electrolysis SMR + CCS Wind/Solar/Hydro  Refining grown Refinery or
method using generation organic importation of
renewable feedstock or refined
electricity sourced organic  product
waste
Distribution Truck/pipeline Truck/Pipeline Electricity Truck/Pipeline Truck/Pipeline
for centralised transmission /
production, distribution
none/little for network.
decentralised
production.
Method of Compressed Compressed Battery Fuel tank Fuel tank
storage on fuel tank fuel tank
vehicle
Downstream Fuel cell + Fuel cell + Electric motor Internal Internal
method of electric motor electric motor combustion combustion
energy engine engine
conversion
Emissions Zero emissions  Residual Zero emissions if  In theory, low Heavy trucks
profile if electricity emissions of renewable net emissions in NZ emit
used for roughly 10% electricity is over lifecycle; 1,420g of CO2
electrolysis is under current used. For grid there are per km1t®
entirely carbon  technology connected emissions at the
free recharging, tail pipe
emissions
depend on time
of charging
WHagos, D. A., & Ah |-tgwheehassesEBmentOf.naturaRgaslvehjcles‘akdehieit fuel supply
infrastructuresPer specti ves on ¢ a sTrangpotationRaseanghoPart D: TranspBreandma r k "

Environment65, 14-35.
19 MoT Strategicworking Paper,Table 1.
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4, Our approach to reviewing the studies

The purpose of this study i s whaineeddtd bedrgefort he br oa
green hydrogen to be the most economath for decarbonis i ng LDHF i n New Zeal al
this initial stage of the project, we have two broad tasks:

= Assessing the robustness of the studies identified for review, both in ternesr of th
methodological soundness and the implementation of that methodology; and

= Analydng the outputs of studies to synthesise their conclusions on the economics of green
hydrogen fol.LDHF in New Zealand, taking into account our views on the robustness of the
studies.

In this chapter we describe our approach to the first task. To asseskubiess of the existing work

on this question requires that we first define a framework on the appropriate methodology for
answering the question. In our view, the meggpropriate method of answering this questiao is

compare the total societal costof different methods of decarbonising LDHFHaving defineca
framework, we can then assess the existing studies against that framework, as well as consider more
general isues around the transparency and robustness of assumptions, as well generiegnodelli
issues.

In this section we:
= Define the appropriate economic framework for answering the question (séd)icand

= Set out the framework we apply when reviewing the robustness of the existing literature on this
guestion (seon 4.2).

4.1. Framework for assessing the economics of
decarbonisation alternatives

We interpret “most economic” to coincide with th
the most economic method of decarbonising [EDEIthe method that achieves meto emissionfor

LDHF with highest net societal benefits. In other words, the option that maximises the difference

between total societal costs and total societal benkfite thatsocietal costs and benefiis this

context means that economic costs and benefitstrhe considered from a national or econengye

perspective, as opposed to including ‘@enomic considerations around equity and fairféss.

In the context of decarbonising LDHF, one could narrowly famusminimising the societal costs of
achieving tlat goal. However, different options may involve benefits besides reducing carbon
emissions, which should also be taken into account. In the diagram below we set out the framework
we consider should be appliemlanswer the questio8imilarly, it is imporant that social costs and
benefits, rather thasimply private costs and benefits are considered. In the presence of unpriced
externalities (such as gollution), theoption which is privatelyptimal(i.e., maximises profits for

the freight operator), may not be the mastially optimal (i.e.maximises the wellbeing of broader
society).

120 5ee, e.g., Treasu(015) Guide to Social Cost Benefit AnalysBor example, a carbon tax is one way to create a
“price” for a bexonsigeted itan sconomihfiarogvoric a n
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Figure 4.1
Components for assessing net societal benefit of different methods of decarbonising
LDHF
Framework Component Description
Delivered cost of fuel Delivered cost of fuel at the point of refueling (i.e., the capital and
operating costs of fuel production, storage, transport and
.E refueling), including energy losses
§ Operational running costs Per tonne-kilometre running costs costs based on relative
-E — technical efficiency of different fuels/technologies
-]
@ Ownership costs Lifetime ownership costs, including purchase costand
maintenance over the expected life of the asset
" Environmental + External environmental impact of fuel production, use in vehicle
% impact/sustainability and parts used in both fuel and vehicle production
S * Vehicle disposal process and recyclability of parts
% * Future externalities if current production proves unsustainable
'g * Emissions besides CO,
@ Other societal benefits Different options may have other benefits such as
L resiliency/security of supply

Timeframe for analysis Qver what period are benefits/costs being assessed? Given
maturity of different technologies, the answer may differ depending
on the timeframe assessed

Cost curves/paths for Consideration of how costs/benefits are expected to evolve in the
— costs/benefits future
Risk and uncertainties What are the risks/uncertainties associated with the

costs/benefits? Just comparing expected values may lead to
incorrect conclusions if certain options have much greater
uncertainty/risk with the costs/benefits

Overlaysto assessing
costs/benefits

At ahigh level, we therefore consider that the following steps should be takasess the most
economic path to decarbonising LDHF in New Zealand

1. Estimate the total social costs of using each alternative to decarb@iife L

2. Overlay any additional benefits of the different options which may or may not be quantifiable,
such as resiliency/security of supply; and

3. Consider the risks/uncertainties associated with the costs/benefits and timeframe over which
decarbonisation isding assessed.

When calculating and comparing the total social costs of each option, one could make the

comparisons in total dollar terms for the freight task or collapse these costs to an average metric such

as dollars per kilometre or dollars per totkil@metre. Given the question at hand is to find the most
economic method of decarbonising New Zeal and’'s L
that is moved is a key component of the equation. Comparing the gmtakdometrefor two

technology ypes where the trucks can carry different amounts of freight would give misleading

results. Therefore, our preferengeuld beto either compare the total costs in dollar terms for the

entire LDHF task or collapse this down to dollpes tonnekilometre Wheredata areavailable, we

will assess botlkollars per kilometre and dollars per torti®metre forcomparison and

transparency.

Regarding the nequantifiability of certain benefits/costs, it is important that categories of

benefits/costs which arefficult/impossible to quantify are not ignored in any analysis. In some sense

the purpose of quantification is to inform deci s
magnitude of nomguantifiable costs/benefits, in order for one option to be pexfever another.
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That i s to say, if one option appears more expen
numberoumquanti fi able benefits that the “¢&heaper”™ o]
suggest the more expensive option is @emonomic if the difference in quantifiable cost is marginal.

A narrow focus on quantifiable costs/benefits might lead to the erroneous conclusion that that a lower

cost option was preferable.

The uncertainty point is particularly important in the curanttext, whergero or nezeroemission
technologiedor LDHF is at a nascent stagas(described igection3) and governments and other

centralised bodies are kiag decisions about future technology choices and providingdjrign That

is to say, i f governments and policy makers are
uncertainty, they may pick the wrong option. This could result in:

= New Zealand havingsthded assets, if another technology proves lower cost inirsipisié
investment in another technolo&i;or

= Being locked into an inferior technology (and thus paying higher prices/receiving worse quality)
This could occuif significantinitial investmenis maden a decarbonisation optiomhich
subsequently turnsut to betechnologicallyandbr economicallyinferior in the futureThe initial
investment couldjive this technologya cost advantage (in a forwaabking sense) over the
technologythat ultimatéy proves to be superiopbutwhichhas " t r ecf@canted si gni
investment??

If there is uncertainty, there may therefore be value in waiting for this uncertainty to be resolved. Real
Options framework$*or “ 1 east wor st ¥aegecmigues whichwih)be usedéot y si s
this type of analysis. The keggight from both techniques is simply that the distribution of outcomes

matters (and in the case LWR, the downside in particular), and thefefosing on point estimates

is inappropriateOf coursewhile there may be value in waiting, one also needstsider the costs

of waiting. In the current context, given the long life of trucks, waiting may lock in existing

technologies if new trucks epurchased in the interité

The timeframe is also an important consideration given:

= The existing fleet of dies trucks in operationyhich generallyemain in the New Zealand fleet
for an average d@4 yeargfrom new)*?® and

= Sometechnologies may not be commercially viable right now but may be in the future.

Given an existing longjved truck stock, making a matal impact to emissions now would either
require replacing the fleet at great cost or implemertewarbonisationptions that use the existing
fleet. In the medium/longer term, trucks will be retired and replaced, and thus changing to a new
technologyijn terms of the trucks, simply involves buying a different truck when it is time to replace
the truck. This means thatgknding on the timeframe for decarbonisation, different options may be
better in the short term (i,dife of existing trucks) vs themedium/long term. Or put another way, the
“path” may be different from the “end point

121 This riskbeinga function of the level of investment requirethe smaller the investment, the less of a concern stranding
is, or indeed lockn as set out in the next bullet

122 pyt another wayj f s u tmlerits aiie made roow, and changing to a new technelogld require duplicating
those investments, it may be cheaper on a forward looking basis to stick wattistireg technology, even if the
alternative would be lower cost if no investments had beetenmeeither technology.

22Real Options frameworks, generally used when considering
possible flexible sttagies, accounting for a range of potential futures and adaptations of those futures.

124 WR aralysis is a decisiemaking tool which recommends options or strategies which are expected to produce the least
“regret (i .e., cosdeyenwhemtoepmbalailities of sutcenresareiucksowm nal y s e

”

125 Noting that at the time of writinghere are no heavyteucks available commercially.
126 MoT Background Papep13.
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4.2. Framework for assessing the studies

Having defined the economic framework that appropriately answers the research question, we now set
out the assessment framework wge when reviewing the studies. In effect, this is a set of questions
we ask of each study. Our assessment framewogk mus inFigure4.2 below.

Figure 4.2
Assessment framework

Coherence of modelling framework

The purpose of these questions is to identify whether the underlying method seeks to estimate
costs that could transpire given its underlying assumptions

Is the study addressing the same question?

To what extent is each alternative considered?

What policies or public funding does the modelling assume are in place to support hydrogen and/or other
fuels?

Are the costs of alternative fuels analysed in a consistent way?

Completeness of cost components

Analysing whether green hydrogen is least-cost requires that cost estimates are complete.
This set of questions is essentially whether the studies appropriately capture the costs
identified in the economic framework above.

Are the total societal costs of each alternative appropriately captured (i.e. the cost items set out in the
economic framework)?

Are non-quantifiable/hard-to-quantify factors accounted for?
What costs have been assumed for policies to support (or deter the use of) hydrogen and/or other fuels?

What allowance has the study made for the costs of transitioning to the green hydrogen or an alternative
fuel? Has more than one fuel option been considered in their path to decarbonisation?

Has allowance been made for risk/option value of developing green hydrogen or alternative fuels?

Transparency and robustness of assumptions

The credibility of the results from a study will depend on whether the supporting assumptions
are clearly explained, and the sensitivity of results explored.

Are the assumptions explicitly presented?

Are the assumptions externally verifiable?
Do the assumptions fall within range of external benchmarks and, if not, is the deviation justified?
Have critical assumptions been identified and the results sensitivity tested for these assumptions?

Are assumptions dependent on a certain scale being taken up, or reliant on other use cases being taken
up? If so, what are they?

© NERA Economic Consulting 28



Overview of studies considered and their conclusions

5. Overview of studies considered and their
conclusions

In this section we provide an overview of the existing studigb@®aconomics of decarbonising
LDHF using green hydrogen in New Zealakde split our discussion between:

= Studies with quantitative economic analyses of the different decarbonisation options for LDHF
(section5.1); and

= Studies hat qualitatively discuss the opportunities and challenges across decarbonisation options
(section5.2).

5.1. Reviews with economic analyses of decarbonisation
options

This set of studies reviewed perform quantitative modelling ercdists of future LDHF alternatives,
and most additionally contasome level ofjualitative discussion&n additional study, which is
outside the direct scemf this report, is thdanuary 2020/1fE report Marginal abatement cost
curves analysis for Ne&ealand This studycontains aalysis ofthe marginal abatement cost for
heavyBEVs against traditionalCEVs usingdieselbased on the total cost of ownerstdapdevaluate
the potential breakvencarbon price required for renewable diesedupersedéossil fuel'?’ We

have not included this studly our methodological revieyasthe study does not consider hydrogen
FCEVs forheavy trucks However, wedo reference the styd’ cenclusionsn sections.5.3and7.4

in thisreportwhere relevant

5.1.1. New Zealand Green Hydrogen Modelling for MBIE, Castalia

Purpose

MBI E'" s exploration into green hydr ¥igianfof s potent.
Hydrogengreen paperdiscussed in the prior semti, and is intended to continue in a quantitative way

with a “New Zeal and Hy dr®%rpisisicurRutiyatdrgetegtd be@msnpeted n e X t
in the first half of 20212°

At present, MBIE has released a dashboard relying on an underlying mottliog green
hydrogenin New Zealangrepared by Castaliathis dashboard relies on the user to choose key
inputs and only allows the user to revithe specifiadashboard outputs. Therefore, it is difficult for
us to assess the approach taken or peowigt own input ofits economic framework, but we can
review the model at a high level and extract some keynmetion.

Review of model

The model allows the user to select electricity costs and annual electricity price change, the
electrolyser utilisationthe annual change in FCEV and BEV capital costs, and the change in carbon
price—therefore we canonclude that these assumptions are accounted éaich output of the

model

127 MfE MACC Report p 41.

22MBI E, “A roadmap for hydr /4220 fromhtipsh/eww.nbie.@olt.azivdildingnda c ces s ed
energ/energyandnaturatresources/energstrategiedor-newzealand/avision-for-hydrogenin-new-zealand/roadmap
for-hydrogenin-newzealand

MBI E, “New Zealand Hydrogen Strategy” presentation, 5 Aug
https://www.bec.org.nz/__data/assets/pdf file/0006/198744/Busliress)yCouncitHydrogenPresentation_ MBIE.pdf
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The model itself does not provide an answer to our main research questieadilooking at
potential New Zealan@ide supply and demand for green hydrogen under variousrgzerighe
model provides output looking from 2020 to 2050 on:

= consumption of green hydrogen in New Zealand;

= COzemissions reduction in New Zealand due ge of green hydrogen;

= levelised cost of green hydrogen (including international benchmarks); and
= composition of New Zealand heavy vehicle fleet (FCEVs, BEVs, and diesel).

However, a presentation provided by Castalia to the Business Energy Council phanttoers

analyses including the modell ed cosICEVRREVS, ki | omet
and FCEVsilt providesin this presentation a high, low, and base ed@gea few underlying

assumptions, such &%

= the price of diesel increases3 per year from retail price (high case is 5% and low case is zero
percent);

= hydrogen price begs atthe* opt i mi sed 2020 N&DR§3.BlkgiHeand pri ce”
underlyingcalculations of the price are not presented)

= hydrogen capital costs declines&6 annually and electrical capital costs decline at 3% annually.

We al so assume that the “base case” presented he
presented on the dashboard (which i ncludes a but
this assumption when evaluating tenclusionsagainst the otr quantitative studies.

Conclusions

The basecasenal ysi s i n Casenthebsb’ pepr Eseometirenfor a *
acrosdCEVs, BEVs and FCEVshowsthat although-CEVs are more expensive per kilometran

BEVsuntil after2040, they should converge with BEVs before 2090s scenario also finds that

BEVswould be cheaper than dieselffbre 2030This assumes a rising diesel price of 3ét year

and a rising carboprice of 4.5% per year, and thien@ putsiICEV cost per Kometreabove a BEV

before 2030 andbove an FCEWefore 2035However, these results should be interpreted with

caution as it is unclear what weight class of trugkhin heavy trucksare modded, and although we

assume that the resufts this analyss are presented in NZD, the hydrogen cost is presented in USD

to present against international benchmarks and it is unclear what exchangagete is

The presentation does not include furthenausionsand does not reveal some critical assumptions

(such as capital cost of trucks), but notably the presentation discusses importing from Awistralia
demonstratethat importing Australiasproduced greehydrogen could compete with domestically
produced green hydrogen from present through 2050. Additionally, the model (again under the
assumption that the model base case is the same as the presentation analysis), assumes that as time
progresses and costy fFCEVs and BEVs converge, adoption offtbBCEVs and BEVs increase to

the point that by 2050, the tvestruckswill have displaced roughly 50% of the diesel heavy vehicle

fleet (albeit with BEVs making up roughly 75% efrucks.

WCastalia, “New ZeenalMondde |Grienegn PHyedsreongt at i on t o Business Ener
Presentationyaccessed 15/12/20 frornttps//www.bec.org.nz/__data/assets/pdf file/0005/198743/BusiBrssyy
CouncitHydrogenPresentabn_Castalia.pdf
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5.1.2. Hydrogen in NZ, Concept Consulting

Purpose

Concept Consulting deloped a thregolume study reviewing the economicshyidrogen for various

use cases in 2019, sponsored by Contact, Meridian, Powerco, First Gas, MBIE, and EECA. The study
provides a summary report, analysis report, and a research report detaiing€gnt ° s pr ocess.
purpose of the study is to examine whether hydrogen (not only green hydrogen, but also blue and

brown hydrogen) technologies are likely to be @fftctive in various use cases to adimnise New

Zeal and’ s e c onomy ithour bwin sesearthiquestien, and Corecept pysvide

detailed information abotis assumptions. Although the study looks at other use cases, we focus on

the hydrogen production cost assessment and Heggit fuel comparison assessments. These
assessmestprovide present and future cost conclusions, in 2020 and 2040 respectively.

Approach

Regarding the hydrogen production cost assessment, current and future costs assumptions are
presented for electrolgss, operating costs, storage costs, wholesaleielgcand electricity network
costs, which are obtained from literature revi¢ghesrange of which iprovided in an appendi®!
Discount rate and useful life assumptions are given, aniihélenydrogen price estimatase
sensitivity tested against othiaeternational published estimatEéIt notes that caution must be used
comparing against international assumptions, as ali¢gtinput costs vary materially across
countriest®®

From here, blue hydrogen is considered, assuming that CCS could capturéefGésmns from
steammethane reforming® It notes that, therefore the price of carbon drives the economics of blue
hydrogen in New Zealandue to the remaining emissions g&pit provides a cost model for very
large-scale productionf blue hydrogen wit a supply chain of natural gas, capital costs and process
losses of SMR+CCS, and carbon pritt excludes storage costsassuming it would be directly fed
into a transmission pipelinethis seems to be where the study implicitly excludes applying blue
hydrogen to heavy freight, as the study only looks at green hydrogen in this us€ case.

Concept’' s apprtbeaatahcost of oweevship for heavy fregght across diesel, BEVs

and FCEVs begins with the total cost of ownership components fesal diehicle using a

breakdown provided by a major freight operdf8Capital costs, maintenance costs, and fuel costs

are the major components which are very specific to each vehicle type, but other general costs such as
tyres and driver costs are assurteetle the same. The vehigpecific costs are developed by

component for each technology and include reductions infaothe future scenario dependent on the
component. Penalties are developed for the decreased payload and increased chargingHwses of
(“productivity penalties”), and RUCs are increas
fact that RICs increase with the weight of a vehitiThe combined penalties reduce for the future

BlTo be clear, the range of values obtained from Concept’s
can benchmark thesaumptions. However, the literature underlying the review is not prov@ettept Analysis Reort,
pll.

132 Concept Analysis Repomp11-12.

133 Concept Analysis Repompl2.

134 Concept Analysis Repqm?26.

135 Concept Analysis Repqm26.

136 ConceptAnalysis Reportp27.

137 Concept Summary Report 8p.

138 Concept Analysis Repom34.

139 Concept AnalysiReport p34 & 3742.

© NERA Economic Consulting 32



Overview of studies considered and their conclusions

scenario, assuming that battery technologiekamittinue to improve (range increase and battery
density improvement}°

Vehicle efficiency, cost of delivered fuebst of refuelling infrastructure, and a refuelling model (i.e.,

at-base and awafrom-base charging for BEVs) are considered to develepduosts for each vehicle

type!A “service station” model is developed to acc
overhead costs for the service station itself for hydrogen refuelling, based on information from Z and
sensitivity tested againsytirogen station delivered fuebsts in California?

Finally, four scenarios are considered. First, two separate assumptions are applied about the annual
kilometres driven each year by the heaviest class of freight vehicles in New Zealecwtding to
Concept,on averagdeavyvehicles drive roughly 75,000 kilometres per year, but newer vehicles

(e.g., BEVs and FCEVSs) are likely to drive much further than this and therefore a scenario at
150,000km/year is also considefé8iTwo separate hydrogen take senarios are modelled. First, a
smallscale scenario is presented where no additional renewable electricity generation is needed. This
assumption means that electrolysers can produce opportunistinalying the electrolysers use-off

peak electricityandthereforecan achievéower msts** A second largescale hydrogen takep

scenario is considered, where hydrogen is not only used for other use cases, but globally it is adopted
and therefore New Zealand is pushed into adopting hydregfga assumptiomeans that hydrogen

cost forfuel is higherdue to the increasattice of electricity stemming from increased demaasd

larger scale production is nheeded, and the technology developments for batteries are reduced.

Conclusions

The conclusionfind that BEVs are likely to be the leasbst option for the heavy freight fleet under
the smallscale scenario. However, the sensitivity analysis of laogée take up on vehicles traveling
150,000kms/year bring the FCEV total cost of ownership close to BEVSs.

5.1.3. H2 Taranaki Roadmap, Venture Taranaki, Hiringa Energy and
New Plymouth District Council

Purpose

The H2 Taranaki Roadmap was developed as a joint report between these groups on a broad range of
applications for hydrogen in both Taranaki and more broadly in Nela#é. The report develops a
roadmap for a series of projects for the energy industryein Kealand to transition towards the use

of hydrogen, including establishing a hydrogen refuelling network for vehicles and piloting hydrogen
transport options.

Approach

The report discusses blue hydrogen as a transitional decarbonisation optienifolustrial sector,
but states that green hydrogen can be applied to the new hydrogen transport‘riadéétrs

140 Concept Analysis Repomp4l-42.

141 Concept Analysis Repomp42.

142 Concept Analysis Repom13 and 4314.
143 Concept Analysis Regt, p41.

144 Note that here, Concept has modelled the efficient tofileetween electrolyser capex amgex with wholesale
electricity prices, in which they find it most efficient to run electrolysers 85% of the-timether words, avoiding the
peak 15% of pericgl Concept Analysis Repom23.

145H2 Taranaki Roadmajp,15.
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comparisons to nehydrogen alternatives to decarlging the sectors of the economy it discusses,
but approaches all business cases witlydrogerfocused lens.

The report providesraoverview of green and blue hydrogen productiethods, storage and
distribution and infrastructurgescriptions**® Additionally, a qualitative assessmentr@EEVs
compare againsiCEVs andBEVsis provided’

Various opportunities for hydrogen to be used across a range of vehicle types is discussed at a
gualitative level, but a brief analysis is provided for a quantifiedamsparison of diesel, BEVs, and
FCEVs for heavy freight from 2018 t®202*¢ The analysis provides the estindt®sts per tonne
kilometrefor each vehicle/fuglopposed ta@ost per kilometre)which accouns for the decreased

payload and increasedchargng times for BEVs. The assumptions for payload andual

kilometresare explicitly presented, while assumptions such as increases in diesel and grid electricity
cost and decreases in hydrogen price and BEV/FCEV capital costs arexstttien into acemt but
without underlying assumptioreingpresented

Conclusions

A chart is provided with the NZ$ per tonk#ometreover time for the three vehicle types, with two
separate scenarios presented for BEVs where a standdhdb@arger is used and 18f¥ fast
charging. No carbon price appears to be appliethemliesel scenarior isat least nohoted as
included The conclusions show that although diesel remagst cost in terms of tond@lometres
until 2030, when it reaches price parity with FCENEEVs are leastost in each year modelled
betweerthetwo zeroemission options.

5.1.4. Gas Infrastructure Futures in a Net Zero New Zealand, Vivid
Economics

Purpose

This report was prepared by Vivid for First Gas and Powerco in order to assess potential paths
forward for natural gas and itsfrastructure in New Zealand n | i ght of the country
decarbonisation targets.

Approach

Threecorenetcarbon scenarios are developed modelling the potential futures of natural gas and
existing infrastructure aoss various sectors of the ecang two of which involve applying
hydrogen to heavy f-toei gat " neobthesedtwigeanaid thaGréeem a r d
Gas scenari@gssumes that the gas transmission system is transitioned to carryemydasgthen
distributed to refulling stations), while the othethe All Electric scenari@ssumes the gas

transmission lines are decommissioned and hydrogen ithstithoice for decarbonising heavy
freightwhere production and refuelling takes pla@ther centrally oat depots ashis transported by

truck to a network of refuelling statioks.

Blue hydrogen is not considered as a viable alternative for any hydrogen application considered as
“the feasibility of CCS hh, NawdZeakapiwowador bydr eqg
fuel is assumed to be green hydrog@idowever,it notes that should CCS prove to be a feasible

146 H2 Taranaki Roadmap25-35.

147 Major points identified by this review are discussed in sedtibtR Taranaki Roadmapl6-17.
148 H2 Taranaki Roadmam43-44.

149Vivid Report, 28 & 39-40.

150vivid Report, [89.
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option, the costs of applying hydrogen could be significantly lower. Additionally, BEVs are dismissed
for heavy freighwithoutfurtherconsideration, stating that they are not feasible due to the long
distances demnmaled in this sector and the high cost and weight of batteries large enough to meet the
requirements for the task: Given these dismissals, the only optionsideredsuitablefor

decarbonising heavy freight is green hydro@ehich it quantiiesfor the Geen Gas scenariand
alternatively, in the third scenario, continuing to burn dieseladindestatiorto offset the carbon
emissions>

The first scenario asimes continued use of fossil fuels and is based upon modelling performed in the
NZPC report disussed in the prior sectidrt. This does not directly consider heavy freight, but

instead implicitly considers that low emissions technologies will not develicglyg enough for goals

to be met, and instead policy action is taken increasing the carloertpbetween $150 and $260/

COge to achieve netero emission$*Fol | owi ng this, Vivid's quantifi
vehicl e’ s pr ncudes acarbon pricel ob$0&0e € i

Vivid notes at the outset of the scenario quantificationithastimates are simple and further work

would be needed to apply detailed costing, due to the costs of potential solutions being technically and
commerdally immature and therefore poorly und®od®® Of thetwo alternative scenarids which
FCEVsaresolution to decarbonising the heavy freight seataty the Green Gas scenafihere

transmission lines are repurposedinodelled quantitativelyit develops a low estimate and a high
estimate for 2050 (the year of the Government's

Thedelivered cost of hydrogen fuel estimates assume either gla@%wor 20%(high)increase in

the costs of current gas transmission to accourddstsof retrofitting pipelines®®’ To calculate the

cost per kilometref running a green hydrogen FCEV assumpti ons di ffer acros
“high” estimates generally such that ,hssugimg as s ump
that techntngy and costs plateau around this point through 2866.the low assumptiomglow for

continued cost reductions througb502%8

We were able to recreate the values which Viirids for the cost per kilometre of FCEVs usiag
combination othe inputs pesented plus our own independent research and testing the assumed
specific energy of hydrogéen® There are issues with the underlying assumptions presented and a
number of assumptiorege not included in the modelled cost staddiscussed in the followg
section.

Conclusions

The study concludethatt her e is a “high degree -odstunzpptaaoch?
decarbonising the identified hatd-treat sector$®® Overall, the conclusions are such that there

further investigation needea@ greater certainty over the potential for hydrogereededefore

good policy decisions could be made

151Vivid Report, A6.

152Vivid Report, [24.

153Vivid Report, [24.

154Vivid Report, 38.

155Vivid Report, @4.

156 vivid Report, [29.

157Vivid Report, g2 & 52.

158 Vivid Report, 88 & 39.

B9Skai, “Hydr acpssads/RE0fran: httss//www.skai.co/hyagendetails
160Vivid Report, @8.
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In regard to heavy freighit, concluds“ onl y i n h e av yanunambigusup finding,as s t her
the use of electricity as a fuelinheavysamor t does n o't'Howeverevamotethatasi bl e”
no analysis is actually performed of BEV economics to support this statefslitionally, it notes

thatalthough afforestatiowill likely be important in the transitional period to net zero emissio

alternative strategies will be needed past 2650.

5.2. Reviews with qualitative discussions of opportunities
and challenges across decarbonisation options

This st of studies reviewed does not perform quantitative modelling on the costs of future LDHF
alternatives. The New Zealand Productivity Commission (NZPC) report does perform quantitative
modelling, but not towards the research question, so this study ide@usqualitative in regard to

the scope of this pap&

The summaries here discuss the stado the extent that future fuel options for road freight are

examined, although most of the papers have broader scope than this. Policy suggestions and
examirations included in the papers are not discussed here, instead focusing on the assessments of the
economics of fuels outside the scope of government interventions.

5.2.1. Green Freight Strategic Working Paper and Background Paper,
Ministry of Transport

Purpose and approach
The Ministry of Transport (MoT) has prepared two separate papets reen Freighproject:

= A background paper containing ntgchnical research on opportunities for the freight industry to
reduce GHG emissiornt§?and

= A strategic working paper to provide the Government with a range of options to increase the
uptake of " d&lutedalsasadta after reqgivirg submissions and feedback on the
background papéf?®

The backgroundstpampers'werpurhpogaaesti on “how coul d
alternative fuels to r edu&ahisGtue&iorldnughsot quitethe f r om r
same as our research question, is closely aligned to ours and provides New-Egalsed non

technical background research on options to decarbonise road freight. The scope is therefore slightly
broader than ours, looking at roadiffht n general rather than LDHF specifically.

The paper establishes that the Government's exi s
transport sector are not likely to be sufficient to achieve net zero carbon by 2050, and therefore
alternative fuelsnust @so be considered as part of the strategy to achieve this®§tigherefore

161Vivid Report, @i5.

162vivid Report, d4.
83Note that in our research, we al so r e\Accelarated Eldctifieatdnnt er i m C
The ICCC developed this report to provide advice td@3heernment oplanning for the transition to 100% renewable

electricity by 2035. This report, upon review, is outside the scope of our research question, as the report does discuss

replacing fossil fuels in transport with electricity to reduce New Zealand e mi ¢ doésmat isvedtigate heavy freight

or hydrogen as a fuel for vehicles in detail.

164 MoT Background Papep3.
165 MoT Strategic Working Papgep7.
166 MoT Background Papep3.
167 MoT Background Papep3.
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examine the challenges and opportunities surrounding direct electrification, hydrogen, and biofuels
as alternative options.

The strategic working paper sets out the sapt®rs explored in the background paper in terms of

the options considered. This paper’s goal, buil d
provide policy direction options to the Government to support the reduction of greenhouse gases in

the ranspaot sector.

Conclusions

Its research provides a range of potential avenues, but the overall conclusions on these technologies
are such that:

= Significant improvement in battery energy density and fast charging infrastructure are essential
for BEVs to pay asignificant role in reducing greenhouse gas emissions in road freight, but
instead have applicability immediately in shottiewul operations®®

= Hydrogen FCEVs are likely to be best suited to loagge heavy trucks to complement other
alternative fuetypes in other applications, but efficiency improvements and reductions in capital
costs would have significant impact on price and competitiveness with alterri&tives;

= Conventional biofuels only provide reduction in greenhouse gas emissions at theyatstbe
blended into fossil fuels, which is low (roughly 5%) when used in conventional ICEVs, and are
costly to produce given the large amounts of feedstock needed and signifieoritugapital
investment’® and

= Advanced (drofin) biofuels have the dlbty to reduce greenhouse gas emissions B985, but
at the time of writing were only beginning to be commercially produced internationally.

From these conclusions, the background paper suggests that good policy and investment decisions
require a full ife cycle analysis of each fuel to be compared fairly, and that the current state of each
technology means none of the three technologies considered provides a clear $6lution.

The strategic working paper conclusions remain the same as those in the tnatbgqer, with
expanded scope suggesting policy direction given those concld&ions.

Main issues of note are that the choice of fuel is constrained by availability artécost:

= Biofuels are available now and can be used across the wider transport sykidingrin existing
infrastructure;

= FCEVs are not readily available in New Zealand;
= The upfront high cost of netechnology vehicles is prohibitive; and

= Developing supporting infrastructure will be critical to enabling a transition to BEVs or FCEVs
moving forward.

The paper notes that opportunities to shift road freight to rail andatsagiping or changing freight
operational models can also reduce greenhouse gas emission from the sector but is outside the scope

168 MoT Background Papep26.
169MoT Background Papep34.
170MoT Background Papep41.

171 MoT Background Papep6.

172 MoT Strategic Working Papgp19.
173 MoT Strategic Working Papgp25.
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of the report/* It also add that if the Government decides to pursue any of the options presented, that
further analysis Wl need to be undertaken to fully understand the impacts.

5.2.2. Avision for hydrogen in New Zealand: Green Paper, MBIE

Purpose and approach

MBI E's green pea&epem ias |ltalregefri pgtojxetcag devel oping t
into the applicatiorf hydrogen to the energy system and economy. Following this vision paper,
MBIE is developingts roadmap for hydroget?

The intention of the green paper is to providegi+-level assessment of the potential applications of

hydrogen across the econorpylling on established research on the subject and generally providing

a technical assessment of opportunities. itsThe pap
and barriers to uptake for hydrogen in our energy, transport and export’s&étasssuch, the paper

does not provide many answers in service to our research question goliffierést focus, but does

give a general overview of specific topics diirest. Hydrogen production strategies as well as

application to transport and mitity are discussed in the paper.

Conclusions

The paper notes that although grey and blue hydrogen could play a transitional role, the Government
considers that green hydeghas a stronger opportunity in New Zealand given its renewable energy
resources!’ The paper discusses the energy losses sustained by hydrogen from well to wheel when
appliecLi;w a FCEV, but states that efficiency can be largely a matter of economicssibamare

valued.

I n its discussi on o ftatiomyhe papegacknowsedgpslthatd-EEVE and BEVsa n s p o
are likely to be complementary in the overall transition away from fossil f(fdtsfinds that BEVs

are more efficient for short destices and lighter vehicles, while FCEVs are suitable for heavy

payloals traveling long range&® Safety has been noted as a concern applying hydrogen to road

vehicles, but the study finds that FCEVs are as safe, and potentially safer, than traditioresd ¥&hic

Overall, the green pap e rasestudiep detetmmesithat greeh hygrogenor r e
is likely to have a role in the largest and longest distance transport sector, past LDHF to aviation,

straddle carriers, and cargo ships, whileeotalternative fuels and continued use of fossil fuels may

suit smaller and shortedistance transpott?

174 MoT Strategic Working Papgp6.

SMBI E, “A roadmap for hydrogen i httpshN/eww.nbie.gltazibdldinandaccessed 1
energy/energgandnatual-resources/energstrategiedor-new-zealand/avision-for-hydrogenrin-newzealand/roadmap
for-hydrogenin-newzealand

176 MBIE Green Paper, ¥®.
77 MBIE Green Paper,¥i.
178 MBIE GreenPaper, [23.
179 MBIE Green Paper,49.
180 MBIE Green Paper,48.
181 MBIE Green Paper,49.
182 MBIE Green Paper,5.
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5.2.3. House View: Hydrogen, Z

Purpose and approach

Z's house view on hydrogen paper aims to discuss
potentialfor hydrogen as a fuel in New Zealand, both in transport andtitalusses. The paper does

not set out to answer a research question, but i
given current projects, discussions with customers and sectmigearts and its own research.

Conclusions

Z finds that green hydgen and blue hydrogen are the most likely pathways for hydrogen production

in New Zealand but note the current high costs and energy losses of green hydrogen and that CCS has
not yet prove to be a commercially viable procé&slt see blue hydrogen, if feasible, as a

transitionary fuel while a market for hydrogen is establisftd.” s di scussi ons with ¢
indicate thait is interested and open to hydrogen as an alternative fuehdioated a strong interest

in biofuels as a transitionary fuel due to the applicability in existing infrastructure and operating

practices:®®

Z finds that electrification is likely to be the dominant choice for light vehicles, but hydrogen and
biofuels argoreferred options for heavyansport vehicle£® However,it seeghat heavy transport
manufacturers are significantly behind light vehicle manufacturers in deployment of véHicles.

It concludathat it is too soon to commit to hydrogen fully, and thatthe wi | | novwer be a si
bull et” to dec artbaiaveisvestigatiominto mbltipk opgidn®sharld continue
with urgency®

5.2.4. Low Emissions Economy Report, New Zealand Productivity
Commission

Purpose and approach

The NZPC develogkthe Low Emissions EcononiBeport as an inquiry to identify options for how
New Zealand could reduce its domestic greenhouse gas emissions, guided by two broad questions:

= “What opportunities exist for the Nmmwmseeal and
the cost that aansition to a lower netmission economy offers, while continuing to grow
i ncomes and well being?”; and

= “How could New Zeal and's regulatory, technolog
processes and practices help redlsebenefits and minimiske costs and risks of a transition to
a | ower net emissions economy?”

Therefore, the scope of this paper is extremely broad when compared to our research question.
However, Chapter 12 of this report is dedicated to emissionsesoand opportunities inghransport
sector®® Sections 12.5 and 12.6 address heavy freight and therefore these are the sections we will
summarise. This section of the review states that the main opportunities for decarbonising heavy

1837 House View: HydrogemAugust 2019Z HouseView), p4.
1847 HouseView, p5.

1857 HouseView, p5.

1867 HouseView, p67.

1877 HouseView, p13.

1887 HouseView, p15.

189 Note also that hydrogen is not a focus in ango#ections of the report.
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transport are elecfitation, biofuels or biogs, and hydrogefuelled vehicles? The paper provides a
researckheavy review of these three options, citing to various New Zealantlic and international
studies to support the conclusions.

Conclusions

Like many othersit concludes that longhaul trucks are largely unsuitable for direct electrification
under current technologies, given their limited travel range and weight of battéHesvever,it
notesthat Tesla is developing the Tesla Semi, suggesting that these baaijebs overcomé?®

The study concludes that conventional bi ofuel’
portion of biofuel contained in the fuel source, since these are blended at low volumes into fossil fuels
and therefore only result in a slar proportioned reduction in emissiot¥d However,it notes that
advanceidn™ dboiopf uel s, such as renewabl e diesel,
deploy in New Zealand within five years (from time of publishittfCurrently, use and ailability

of biofuels are low and scaling up biofuel production in New Zealand has significant implications for
land use, as drejm biofuels from norfood feedstock appear to be the most suited to New Ze&fand.
Moreover, it is unlikely biofuels will be pfitable without an increase in the carlymite, and

therefore the price of dies€f

The study states that hydrogen FCEVs are better suited to LDHF than BEVs due to their longer travel
range and faster refuellid’ It notes that several submitters to tpaper also suggested that FCEVs

could play a useful role in decarbonising the heavy &dthe biggest challenge was considered to

be the substantial investment needed to establish infrastructure for production, traospartd

distribution of the hyobgen fuel:*® Additionally, the high cost of FCEVs is a barrier to upt&Ke.

The study also briefly discusses the opportunity for modal shift of some freight in New Zealand away
from road freight and onto coastal and raipping2°* Although these methods Velower emissions
profiles per tonn&ilometre, the volume of freight which is suitable to switch to these alternative
modes is limited. Interegional (i.e.long distance) freight which is not time sensitive is best suited to
this modal shift.

190 NZPC Lowemissions economy repop363
BINZPC Lowemissions economy reppp363.
192NZPC Lowemissions economy repop363.
193 NZPC Low-emissions economy reppp365.
194NZPC Lowemissions economy reppp365
195NZPC Lowemissions economy repqm365.
196 NZPC Lowemissions economy repppt365.
197NZPC Lowemissions economy reppp367.
198 NZPC Lowemissions economy reppp367
199 NZPC Low-emissions economy reppp367.
200NZPC Low-emissions economy reppp368

201NZPC Low-emissions economy repoa374375.
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6. Assessment of modelling performed with cost
outcomes across fuel sources

This section steps through the assessment framework as outlined in 4&t;taasessingachstudy
againsteach framework questiowe examine the coheremof modelling framework, completeness
of cost categories included, and the transparency and robustness of assufiptictisdies assessed
here are those which have penmfedquantitativeeconomic modelling, as discussed in secidn
above:

= Castalia (where relevant and d#&smdeldashbgardtishat t he
the same as the base case used in the presentation analysis)

= Concept

= H2 Taranaki Roadmap

= Vivid

Note that the purpose of sectidghd through6.3are to give an assessment of timeadelling
approachwhile the actual conclusions of the netlthg are then presented in sect&b once the
rigour and robustness Vmbeen stablished.

The following sections point out many areas whergjtrentitative studies are lackirghis should

be read generously under the pretence that: (1) the questions addressed are not always the same as the
research question we are addressing(ahthe studies note in various places that areas where they

are hcking need further research.

6.1. Coherence of modelling framework

The purpose of these questions is to identify whether the underlying method seeks to estimate costs
that could transpire giveits underlying assumptions.

6.1.1. Question addressed

Table6.1 below sets out the question addressed, or the stated purpose of each study.

Table 6.1
Stated research question/purpose of studies with quantitative modelling

Study author Stated research question/study purpose
Castalia Modelling for MBIE roadmap for hydrogen
Concept Examine whether hydrogen technologies are likely to be cost-effective in

various use cases to decarbonise New Zealand’s economy

H2 Taranaki Roadmap Roadmap for a series of projects for the energy industry in Taranaki to help
New Zealand to transition towards a hydrogen economy

Vivid Assess potential paths forward for natural gas and its infrastructure in New
Zealand in light of the country’s adopted decarbonisation targets

Of the studies considered, the Concept study’ s a
the Concept study is to examine the role hydrogen technologigsave in decarbonising New
Zeal and’s economy, approaching by comparing alter

an analysis focused on transport and more specifically, heavy ffElghCastalia model dashboard
was developed inordersoupport MBI E’ s \wadsdpoherefdreove cah iptetpred g e n  r
the purpose athe modellingto be exploring to what extent, and under what circumstances, green
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hydrogen will be involved in the future New Zealand energy maflet.H2 Taranaki Roadap was

developed to discuss how hpgenwill play a key role in decarbonisation in New Zealand. The

purpose of the Vivid study is to determine the various paths for natural gas and its infrastructure in

l ight of New Zeal and’ lerefdreleavy fleightis corsitdenadder thggo a |l s | an
lens, or put another way, decarbonising heavy freight is only considered to the exteatutagas

infrastructure mighbe involved.

Due to the variegurposes of these studiésis to be expected that the presentation of assumptions
ard depth of analysis on the specific question of decarbonising LDHF will vary. Therefore, critiques
of the studies made under our framewark&not necessarilgriticism of how wellthe studies

addressed their intended purpd3aet another waya good studyddressing a different question may
not meet the ideal we set out for our purpose

6.1.2. Options considered

As described in the framework section, the choiceganat which green hydrogen has been
guantitatively evaluated agairgain impact the conclusionfspotentialalternativesare excluded.
Table6.2 below sets outhe alternatives for decarbomig) LDHF considered in each study.

Table 6.2
Alternatives to decarbonise LDHF quantitatively modelled in each study

Castalia Concept H2 Taranaki Vivid
Roadmap
Green hydrogen /
FCEVs 4 4 4 4
Blue hydrogen /
FCEVs
Direct electrification
/| BEVs 4 4 4
Advanced biofuel /
ICEVs
Diesel + carbon
offset / ICEVs v v Vs v

** These studies review blue hydrogen for other uses than LDHF.
* |t is not clear that a carbon price is included in the assessment of diesel.

The Castalia, Concept, and H2 Taranaki Roadmap analyses eaclecgnsih hydrogepowered

FCEVs, BEVs, and dieséCEVs. Concept analyses the potential cost of blue hydrogen but does not

apply it to use for heavy freight and instead compares it adaceapent for natural gas usest do

not explainwhy it shouldnotbe considered aseehiclefuel. TheH2 TaranakiRoadmapmlso

discusest he use of blue hydrogen but considers it as
hydrogen will be immediately pferable for transport uséhe Vivid study, however, only consider

green hydrogeiowered FCEVs and diesel, dismiss{B@S for blue hydrogeand BEVs for heavy

freight as unfeasibléNo studies consider advanced biofuels in the modelling scenariosy(or an

conventional biofuel blending in the diesel assumptiozispnetburning fossil fuelor modal shift
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6.1.3. Policy/public funding

The Concept study qualitatively discusses that both FCEV and BEV take up are likely to need
significant public funding t@vercome the chickear-egg issue of vehicle adoption and refuelling
netwaks but does not include any public resources in its modelling. Both the Concept and Castalia
analyses consider an increasing carbon price for the diesel vehicle-eptioch couldin theory be

the result of explicit government action, though this wdaddn a technology neutral manner. The H2
Taranaki Roadmap analysis does not explicitly state that it is considering a carbon price in its diesel
modelling, so we are unable to tethetherhow this is consideredrhe Vivid analysis includes a

carbon pricen its diesel option modelling and considers, at a high level (not specific to heavy
freight), that afforestation will be taken on to offset continued use of fossil fuels.

The H2 Taanaki Roadmap is the only stuafich includes an assumptigimat RUC cheges will be
dismissed for FCEV and BEVs early on, which it assumes will go on through(@@2&stent with
current existingpolicy for BEVs).?°> The Concept study by constaassunes no difference in the
RUC treatment of FCEVs, BEVs ahdEVsin terms ofexemptionsNote thatif a study assumed
BEVs and FCEVs do not attract RUC charges WiGIEV trucks dg thisis essentially a cross
subsidy from users d€CEV trucks to BEV/FCEV trucks. From the perspective of evaluating social
costs, this therefore biasthe assessment towards BEVs/FCEVSs.

6.1.4. Consistency of comparisons

The Concept analysis applies the same wilatdeslectricity prices across the BEV and FCEV
scenarios, includes infrastructure costs and provides scenarios in which technology advandes for bot
vehicle types. Capital costs for vehicles are assumed from market informatiareagdiucedn

future sceariosby applyingpercentageeductions to specifigehicle body and engine components
which set the twae-trucksapart fromlCEVs, hydrogen vehiles are assumed to have greater potential
for cost reductions than BEVs, which does not seem unreasonabfetige/current estimate for a
Tesla battery electric semi is roughly NZ$230,000 and a Nikola hydrogen semi is roughly
NZ$500,00Qwhich are the twa@ompany benchmarks used in the Concept stddihough neither

are commercially availabl¢here is more commercially advanced ligkhicle technology for BEVs
and therefore it ifikely thatvehiclebattery componentsay alreadybe further alongo ashallower

part of thecost curve The Castalia modelling similarly assumes that hydrogen eshidll decrease

in cost more substantially than BEVs.

The H2 Taranaki Roadmap analysis does not provide most of its underlying assumptions, so it is
difficult to interpret how cost stacks have been developed. However, it explicitly assumes the same
mileage and payload for FCEVs and diesel vehicles, while decreasing these for BEVs, and applies
RUC exemptions for bot&trucksthrough 2025.

The Vivid study only ompares diesel to FCEVs, while BE®e dismissed for the task.

202Road User Charges (Exemption Period for Heavy Electric RUC Vehicles) Order 2017
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6.1.5. Summary of coherence of modelling framework
Table 6.3
Summary of coherence of modelling framework
Castalia Concept H2 Taranaki Vivid
Roadmap
Question Modelling for MBIE Examine whether Roadmap for a Assess potential
addressed roadmap for hydrogen series of projects paths forward for
hydrogen. technologies are for the energy natural gas and its
likely to be cost- industry in Taranaki  infrastructure in New
effective in various to help New Zealand in light of the
use cases to Zealand to country’s adopted
decarbonise New transition towards a  decarbonisation
Zealand’s economy.  hydrogen economy. targets.
Options GH2/FCEV, GH2/FCEV, GH2/FCEV, GH2/ECEV
considered Electric/BEV, Electric/BEV, Electric/BEV, DieseI/ICE\}
Diesel/ICEV Diesel/ICEV Diesel/ICEV
Policy/Public Considers increasing  Qualitative Exemption of RUC Carbon price applied,
funding carbon price. discussion of through 2025 for e-  high level (non-
Unclear if overcoming trucks. Unclear is specific to LDHF)
RUCs/RUC chicken/egg, but no carbon price is assessment of
exemptions are inclusion in applied. afforestation
included. modelling. Considers requirements.

increasing carbon
price and applies
RUC. No RUC
exemption for e-
trucks applied.

Consistency
of
comparisons

Assumes FCEVs will
decrease in cost
twice as quickly as
BEVs from 2020 to
2050.

Applies same
underlying wholesale
electricity price.
Unclear how
infrastructure cost is
applied.

Assumes FCEVs
decrease in cost

more quickly than
BEVs.

Provides alternative
scenario where
BEVs do not
decrease in cost
assuming that
hydrogen is taken up
at a large scale.

Capital cost changes
for vehicles are
based on
components of the
vehicle (i.e., assume
that the parts which
are the same as
diesel vehicles do
not change in price).

Unclear how cost
stacks have been
developed.
Provides a
“Fuel+RUC",
“Labor”, and “Truck
costs” component
for each option
compared.

Assumes RUC
exemptions for both
e-trucks for the
same period.

Dismisses BEVs on
the basis that current
tech does not support
it as a feasible option
for heavy freight.
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6.2. Completeness of cost components

Analysing whether hydrogen is leagist requires that cost estimates are comfileteffect the

social cost components set ousictiond. As an overall noteye avoiddrawing conclusions otine
completeness dhe Castalia modellings the public information we have accesstsodashboarand
its presentationdo notcontainmany underlying assumptions of thdelling.We have no reason to
believe the costs included are incomplete, we simply cannot verify them

6.2.1. Total cost of ownership

The total cost of ownership comprises the delivered cost of fuel (upstreamidgsickam cas) and
operating and vehicle ownership costs (downstream costs). We discuss eachtstadliesnt of
these costs in turn:

Delivered cost of fuel

For its green hydrogen fuel costing, the Concept analysis provides a breakdown of each cost to
produce hydrogen including electrolyser capex and opex, network charges and losses, and storage.

Additionally, it develops a “service station” de
compression losses and service station infrastructure overhaad.dto deWvalsef s a-hat “ awa:
fombase” charging costs for BEVs, i nclINeitharng i nfr e

the H2 Taranakinor Castalianodellingpresent a bottorap costing of the delivered price of fueb

it hardto form a view on whether the delivered fuel price is reasonaliie H2 Taranaki study notes

that it includes “all owance for” increase in die
price as infrastructure builds othe Vivid study includes its costd hydrogen production

assumptions abowedectricity, and electrolyser capex duel transmission (including the cost of

retrofitting pipelinesiand distribution, but it does not include network chafgeghe cost of

electricity, service station infraucture costs, orosts involved wittenergy losses.

Operational running/ownership costs

Concept provides a breakdown of capital costs for each vehicle considered and estimates for assumed
cost reductions over time based on the technological comporigh&swehicle ICEVsare not

assumed to see any price reduction, while BEVs are assursed teduction in battery and

powertrain costd=CEVs are assumed to see reduction in powertrain and storage tank costs.
assumemaintenance costs of repairs aedvicing for BEVs and FCEVs are reduced from that of

diesel maintenance costs due to less complex engines and lower running heat. To account for the
reduced payload size and increased refuelling time of BEVSs, penadtidsaloped based on each of
theseissues which are applied to scale up all-he#l costg(i.e.,less productivity per load would

mean more drivers and more vehicles and maintenance on those veRidIEs)are assumed to be
increased for BEVs due to théncreased weight. The H2 Taran&adadmap provides a stacked bar
chart as the output, which includes Basedomehet s f or
available information we canndetermine how these have been accounted for. Howewdogpaand

annual kilometres driveare reduced for BEVs to account for their decreased payload capabilities and
increased refuelling time. The Vivid studges not include costs for maintenance or consider RUCs.

6.2.2. Indirect societal costs

Each study approhes their analysis from the persfyee of an individual operator and the costs
would face either presently or likely to face in the future given various vemddueloptions.
Therefore, none of the studiappear taccount for indirect societal st nor do they claim torhe
Casalia model provides output of the estimated reductidd@a emissions from the use of green
hydrogen, but this output includes otlsectorghan LDHF.

An additionalindirect societal cost is the emissions cost to heBitigradedair quality from
emissiams (like particulates and N{)candrive health issues ithhe population, leading to higher

© NERA Economic Consulting 45



Assessment of modelling performed with cost outcomes across fuel sources

societal costs in both healthcare aletline in human capitafn exampleof thisconsiderations
available in the MfE MACC analysf§3

6.2.3. Non-quantifiable/hard-to-quantify factors

Similar to indirect societal costs, nguantifiable and difficult to quantify factors are not accounted
for in any study’s analysi s. For example, enviro
resourcing of platinum for hydrogen fueells are notonsidered.

Additionally, there are societal benefits to shifting the supply of energy away from imports and
towards domestic production (through applying renewable electricity either directly or through
electrolysis) including security drresiliency wich are not taken into consideratjavhich may be
hard to quantifySection7 goes into thdactors we have identified on this in more detail.

6.2.4. Policy costs

As described elsewhere, increasing carbon price isaenmesl in the diesel component of both the
Concept and Vivid analyses, but it is unclear whether the H2 Taranaki Roadmap considers this.
Additionally, BEVs are currently exempt from RU@sough 202%nd it isnot unreasonable to
assumehat FCEVswill be extended the samexemption if theexemptions are reviewgt! but the

H2 Taranaki Roadmap is the only analysis which accounts for this.

6.2.5. Transition/path

As mentioned abovéhe Concept, Vivid, and H2 dranaki Roadmap analyses laatkthe cost of

heavy freigli through the lens of a single operator at a given point in time, rather than a holistic view

of the path forward for New Zealand’s heavy frei
andyses is to determine what the likely cost of each imllial option would be as time progresses.

The Castalia dashboaddespr ovi de model |l ing of the estimated c
vehicle fleet between now and 2050, gitkae assumptionsetected on the dashboard. This does

provide abroaderscpe of the expectations i€et changes in the futurelowever, we note that

without knowing the underlying assumptions, it would not be reasonable for us to draw conclusions

on the relevance to our research question. For exainpiay includetruckstravelling shorter

distances, and therefoneayincludemoreBEVs than if onlyL DHF were being considered.

6.2.6. Approach to dealing with uncertainty

As a generalisation, the studies provide scenar.
uncertainty assoated with the costs for different options in the future and what that meapslicy

decision todayThe Vivid study does not model both the scenarios it setothie potential future

of hydrogen/FCEVs, but it does qualitatively addreas potentialoutcomes (high levels of hydrogen

uptake or low levels of hydrogen uptakEhe Concept report also considers, and quantifies, the

potential for high global hydrogen uptake and koydrogen uptake. The H2 Taranaki Roadmap only

provides two potential chairgg scenarios for BEVs but is static otherwi$be provision of a model,

rather tharoutput valueshy Castaliaallows for a large number of uncertain outcomes to be tested.

Vivid do howevermualitativelynote thathere is a high degree of uncertaiatgund each assumption
thatit makes and concludéurther that there remains a high degree of uncertainty arounektste
cost approach to reducing greenhouse gas emissions in heavy#feight.

23MfEMACC, “ MACE€ptealsheet "accesiea h2015/20yrom2 0 2 0,
https://www.mfe.govt.nz/sites/default/files/matmol.xIsm

204Road User Charges (Exemption Period for Heavy Electric RUC Vehicles) Order 2017.
205Vivid Report, p8.
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6.2.7. Summary of completeness of cost components
Table 6.4
Summary of completeness of cost components
Castalia Concept H2 Taranaki Vivid
Roadmap
TCO
Delivered Cost assumptions  Provides detailed Cost assumptions in  Includes costs of
cost of fuel  mostly are not breakdown of coststo  "fuel" component of hydrogen production
publicly available.  produce hydrogen cost per tonne- including
including electrolyser kilometre are not electrolysers and cost
capex/opex, network publicly available. of electricity. Includes
charges, storage, States, qualitatively,  cost of transmission
network/compression that allowance for through retrofitted gas
losses, and service increasing transmission lines
station overhead. diesel/electricity plus distribution. It
Develops bottom-up costs and does not include in
"at-base" and "away- decreasing the cost stack service
from-base" charging hydrogen costs have station infrastructure,
infrastructure costs for  been considered. costs from energy
BEVs. losses, or network
charges.
Operational Cost assumptions  Provides breakdown of  Cost assumptions Only compares
running / are not publicly capital costs for each and components in FCEVs and ICEVs,
ownership available. vehicle and generates  “truck costs” (e.g., and therefore no
costs estimates for cost maintenance) are reason to consider
reductions over time unavailable. RUC payload or labour
based on each vehicle  are bundled with fuel cost issues. Includes
component. Includes in output, so not capital costs of
maintenance. possible to parse FCEVs decreasing
BEV payload and from fuel costs. over time but does
refuelling issues are Payload and annual  not provide ICEV
addressed with kilometres are capital cost
penalties which scale explicitly stated and assumptions. No
up non-fuel costs scaled down for inclusion of
(vehicle + labour). BEVs. maintenance costs or
RUCs are assumed to RUCs.
be higher for BEVs.
Indirect Analysis of cost Because this analysis Because this Because this analysis
societal per kilometre is at  is at the individual analysis is at the is at the individual
costs individual operator  operator level, indirect  individual operator operator level,

level, and
therefore does not
appear to include
indirect societal
costs. Other areas
of model provide
estimated
emissions
reduction from
application of
GH2, but this
includes other
uses than LDHF.

societal costs beyond
carbon emissions are
not included.

level, indirect
societal costs
beyond carbon
emissions are not
included.

indirect societal costs
beyond carbon
emissions are not
included.
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Table 6.4 (continued)
Summary of completeness of cost components

Castalia Concept H2 Taranaki Vivid
Roadmap
Non- No apparent No apparent No apparent No apparent
quantifiable / inclusion of these inclusion of these inclusion of these inclusion of these
hard-to- factors (e.g., factors (e.g., factors (e.g., factors (e.g.,
quantify environmental environmental environmental environmental
factors impacts of impacts of impacts of impacts of
resourcing precious resourcing precious resourcing precious  resourcing
materials). materials). materials). precious
materials).
Policy costs Increasing carbon Increasing carbon RUC exemptions None considered.
price considered in price considered in included through
diesel option. diesel option and 2025 for e-trucks.
RUC considered. Unclear if increasing
carbon price is
considered.
Transition / Provides analysis at  Provides analysis at  Provides analysis at  Provides analysis
path individual operator individual operator individual operator at individual

level in terms of
cost. However,

level in terms of cost
at a given time.

level in terms of cost
at a given time.

operator level in
terms of cost at a

model dashboard given time.
displays calculated
heavy fleet
composition in NZ
through 2050.
Approach to The provision of a Considers, and Considers two Qualitatively
dealing with model, rather than guantifies, the possible charging addresses two
uncertainty output in values, potential for high capabilities for potential
allows for large global hydrogen BEVs. outcomes for
number of uncertain  uptake and low FCEVs, high

outcomes to be
modelled.

hydrogen uptake.

hydrogen uptake
and low hydrogen
uptake.
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6.3. Transparency and robustness of assumptions

The credibility of theresults from a study will depend on whether the supporting assumptions are
clearly explained, and the sensitivity of results explored. As in thedastn, we note that wdo not
draw conclusions on the Castalia modelling at this point, given the aaoging hydrogen roadmap

is not yet released and thodelunderlyingthe publicly released dashboard is metilable meaning
thatthe inner workings andsaumptions are ngublic information It provides a disclaimer stating

that the base case scenarie based on “actual capital and
projects, current | Netknawing theundenyitg assimorsappliadu t h
limits the usefulness of the modelling for public policy debatés discus®ach factor from our
assessment framework related to the transparency and robustness of assumptions in turn before
summarising.

o ©

6.3.1. Assumptions presented and verifiable

The Concept report explicitly provides values for its assumptions and provides a nunaberesices

to whereit haspulled assumptions from. There are a few exceptions to this, but generally the critical
assumptions are presented with referencing taceamaterialNotably,its assumptions for payload
capabilities are not referenced

The H2 Taranaki Roadmap only provides the critical assumptions of mileageegtahd butioes
not provideother underlying cost assumptiamsr referencing for the assunigas it does provide.
Additionally, it provides its output as a stacked bar graph inclugliegn e r a | categories of

truck costs”, and “fuel +RUC” with no | abelling
components makes it such that eveonwgh estimate would kifficult to back out®” and the

conclusions for the 3GV charging senario for BEVs are an additional stacked piece on top of the

15kW bar—meaning none of the components for th&\WGscenario arable to be parsed apart

As notedabove Vivid appears tde missing certain costs, but the costs includegmsented and
referencedlt doesnot explicitly provide a payload assumptiasiitis unnecessary in the analysis

(givenit doesnot compare against BEYbut becomes relevanbif our analysis of the results.
Thankfully, given Vingyweadre able tofina the gayoadeasstimptioasffrennt e n c
the source materid has used

6.3.2. External benchmarking

Here we test the critical assumptions made in each asagainsexternal sources and critique the
authority of the assumptions made when eziee is provide.

Electrolyser

Concept assunse&s1,400kW currently and $708MW in 204Q Vivid assumes $294kW its high

scenario, based on cost2B3Q and $66HW in the2050high scenarioThese assumptions align

with each other in that when placed on a timelinshows the cost of electrolysis dropping
consistentyConcept ' s | iterature review pl otkg/,whilerrent ¢
thefuture costs frm its literature review spafrom above $1,600 to below $6030s0 it has selected

values at the low end of thliteraturereview. Vivid pulls the asumptions from a 2017 paper

published in the International Journal of Hydrogen Enérgyhich 10 experts pject the costs of

electrolysisand a market presentation from a hydrogen producer. NEL

26MBlI E & Castalia, “A roadmap for hydasohgkemari d” ,Neaw Zeesad each di 2 /
from: https://www.mbie.govt.nz/assets/Dddes/Energy/hydrogesupplyanddemanddashboard.xlsm

207In otherwords,ta dat a are presented such t hadnentisaggrefated.al val ue for
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Benchmarking against 2018 study on hydrogen from the hmiztional Renewable Energy Agency
(IRENA), this study estimatethe 2017 cost pe&W to roughly $1300/kW and 2025 to roughly

$800kW (converted to NZOrom EUR).2% A separate study from Frontier Economics@e r many ' s
Agora EnergiewendandAgoraVerkehrswendén 2018founda range of expecteslectrolysis costs,
ranging from roughly$1,200$1,500in 202Q $1,000-$1,300 in 203Ppand $800-$1,000 in 2050

(converted to NZD from EURY®

Overall, these assumptionsire aligned with one another andrelatively reasonableconsidering
their sourcing and external benchmarking although there appears to be a somewhat wide mge
for capital costs

Electricity

Conceptassumes a current costwaiolesaleelectricity to bes75YMWh andunchanged for the future
smallscalescenarigincreased to 88BMWh?°for the largescale scenaridrhe valudor the current
wholesale electricitypriceis based oraverage baseload contract priéasgrid-connected electricity
The future valudor smallscalehydrogen prductionis based oseparat€Concept modellingwhich
assumesuture cost reductions in renewable electricity technologiesreattoy increased prices
based on system increase and development of progressiveigMeseable sitesThe largescale
scenariaeflects the coghatbuilding additional power stations would addhe overall price of
electricity, as hydrogen requirsgnificantly more renewable energy to produce than directly
electrifying processe¥ivid assumesossof $90MWhas a “ |l ow est i mfeoman of cur
MBIE 2016 report$70MWh asthe low estimate of future wind generation, frdtme New Zealand
Wind Energy AssociatiarCastalia provides a $8MWh current cost of electricitwhich appears to
be based onaptive windonly generationassuming a reduction at 0.25% per ye#Ye note that it is
generally assumed that BEVs and FCEVs face the sartei@ty price,we discusshis issue further
in Table7.4.

These estimates are largely consistent with other benchmarks for dedicated wind consuming
off-peak generation:

= MBIE EDGSwind referencdong run marginal costare$66-$81in 2020, and62-$73 in 2046
= Historic average wholesale priciesm 2010through 201%re$81%*
= Within-day pricing over the last 10 yeassshown inFigure6.1

208Jsing 2018 average EUR to NZB750 *1.707 = $1,280.2%480 *1.707 = $819.36RENA, Hydrogen from
Renewable PoweBeptember 201§20.

209Using 2018 average EUR to NZD, $1.00=$1.77.ont i er Ec on o mi c s ,tricity Base Syfthetcur e Cos't
F u e ISeptember 201§64.

°This is derived from Coscaebpée’ scehatemeptojfbatsthaeerabarwgh
hi gher ” i-staletsderariorthan tieersmgsdiale scenario. $75 * 1.1 =280.Concept Analysis Repon25.
MBI E, “tEyedemamrcd and generation scenarios (EDGS)”, access

https//www.mbie.govt.nz/buildineand-energy/energpandnaturatresources/energstatisticsandmodelling/energy
modelling/electricitydemandandgeneratiorscenarios/

212 pata accessed 15/12/20 fromuyw.emi.ea.govt.nz
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Figure 6.1
Historic intra-day spot prices at OTA node
2010-2020
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Source:NERA analysis of EA EMI datasdDashed lines represent the upper quartile, average and lower qudrtite-of
day prices.

Infrastructure

A reportfrom the International Energy Agen¢§eA) on thefuture of hydrogemprovides an overview
of the costs ofefuelling networkinfrastructure Althoughthe cost of building a refuelling network
will vary considerably internationigl, verifying cost estimategenerallyis difficult ascurrently there
are vey few hydrogen refelling stations and generally the data are not discl®$ed.

The Concept report is the only study which transparently sharestiheatechydrogenrefuelling
infrastructure costs whichit assumearethe sameag&’' s p et rood $/Gd basigplusdhe s
cost of energy losses. However, it is clear fiaternational studieas well as New Zealand literature
that initialinvestment in a hydrogen refuelling netwavkl be substantialrequiringnew and
expensive partand necessgratthe same time as any FCEV take®* Moreover, the IEAeport
discusses the issue that the cost of refuelling infrastructure degreradly on economies of scale,
which will take time to develop™® This suggest thattheinitial coss will be much highertiancurrent
service station overhdaalthoughthis could level out over the long ruihFCEVs refuellingnetworks
achieve similascale to the current diesel refuelling network.

The Concept report is also the only study which transparently accounts fayshof charging
infrastructure, whiclit statesis based onaésting published pricesof commercial fast chargefsr
t h e-b a sestifnate andise the sam®/GJ service station overhead for tlaevay-from-basé

213|EA, The Future of Hydrogedune 2019p132.

214 Hydrogen CouncilHydrogen: Scaling udNovember 2017p40;|EA, The Future of Hydrogedune 2019p132133;
Deloitte, Fueling the Future oMobility i Hydrogen and fuel cell solutions for transportati@320,p38;MoT Strategic
Working Paperp24.

215|EA, The Future of Hydrogedune2019,p132.
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chargingestimates as that applied tpdnogen However, pecialised charging equipment will be
needed foa battery electric truckeet*'® and therefore will likely incuoverandabovebasic petrol
station overheadoststo build out, in particular since it is based on nascent technoltgge is the
additional consideration forlargeBEV fleet ofoptimisingchargingdue toits high demadsand the
need to charge every nighthis will likely add additional cosplus network costi§ the generation is
not dedicated on sifé’ Similar to FEEVs, the initial costsare likely to bemuch higher than current
service station overheadyt maylevel out in thdong run if BEV charging networks achieve similar
scale to the current diesel refuelling network.

Vivid does not include assumptions aroumfdastructure in its hydrogen fuel cost stack, while it is
unclearhow theH2 Taranaki Roadmalpas done this

Therefore, there are likely additional near-term costs ofrefuelling/charging infrastructure for
both FCEVs and BEVs unaccounted for inatleastConcept 6 s and .Vividés anal

Vehicle capital costs

Concept’ s c BQEVstaadlBEVs ars hoth baseal on the current estimated price for a
Nikola hydrogenpowered semiruck andthe Tesla Semi. These coafspear to be the best public
sourceavaiable, given the lack of commerciglavailable vehicles from other manufacturéfs
Additionally, Conceptassumes 80% reduction in battery costs based on a study from IRENA and
25% redwtion in powertrain costisy 2040 For FCEVs,jt assumea 75%costreduction in hydrogen
powertrains an&0% cost reduction in hydrogen storage tattksotes that these assumptions rely on
largescale manufacturing aradfaster rate of uptake than EVs.

These assumptiorgse slightly optimistic in comparison &stimatedy the IEA which estimate that

i n the ‘bothobatgries amhfliel celis a compient in heavy truckare likely to decrease in
price by roughly 30%° Although batteries are further along commercially and therefore less likely
to see as stegpprice decrease due to increased demand, they are likely to see more substantial
increasesr efficiencysince the demand for improvements is at the forefront of the BEV .éface

Moreover, giverthetime which has passed since the writiofithe report andhe fact that these
vehicles are not on the road yet, the cost reductfmrizoth vehicle typemay be optimistic.

Vivid’ eapital costsor FCEVsappear, in relative termsiuch moreaggressive- it is under
NZ$20Q000 in 203Gandroughly $165,000 in 205®ased on a UK paper from 20dAich was
pulling from bottom up prices developed in 2010. Nikola had released its initial price estiyéte

time the paper was released (at US$3@9), so itis uncleawhy it has appliedhis value®*

C o n ¢ efgrwabddooking capital coss for both FCEVs and BEVs may be somewhat

optimistic, but its present costs are accuratbased onpublicly available information. Vi vi dd& s
assumptions are less than half theurrently available market price stated for a heavy-duty

FCEV and thereforelikely skewing the results downward.

216 MoT Background Papep20.
217MoT Background Papgp20.

218Though we note that benchmarks sucthase should be treated with caution when the vehicles acematercially
available yet.

219|EA, The Future of Hydrogerlune 2019137.

22For bleess| & ‘Battery Day’ Promi ses 56 % 228eptancberi2020 actessedBat t er y
15/12/20 from:https://www.forbes.com/sites/bradtempleton/2020/09/22Hesteryday-promisess6-reductionin-
batery-costandmuchmore/?sh=ac642926253f

21GreenCar Reports, “Nikelxd e@Qniedhydrecgen crdmug&k to be unveiled
accessed 15/12/20 fromnttps://www.greencarreports.com/news/1107560 nikolahydrogerrangeextendeeklectric
truck-to-be-unveiledtonight
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Vehicle capabilities and technology advancement assumptions

Vivid does not require a payload asqtion in the modelling, ai$ doesnot model BEVs, but for
reference, the diesel truck thesferencdor estimated mileage is assumed to have payload
capabilities of 26t.

The Concept report, looking at the heaviest vehicles, estimates a 30t payload capatsility in

modelling of FCEVs and diesel trucksassumethat the battery electric powertrain weighdéce as

much asadiesel powertrain with a full tank of gas, arather than 2.5%2 Therefore the assumption

for a BEV's payload capability IiTseH2Taramki. Thi s r e
Roadmap assumesl3t payload for BEVs and 20t ylaad fordiesel and FCEV/sa payload penalty

of 35%

Neither of these analyses present references for theirtieasian payload for BEV.SA study from
2017 inEnergiegournal found that batteries would only reduce the payload from a usuahéurtg
diesel vehicle (on German roads) by 289®As noted in setion 3.2, it is difficult to find reliable
public information on how significant the payload reduction will be for heavy BEVs.

Additionally, the H2 Taranaklpayloads aréoth lower than the marmum vehicle weight restrictions
in New Zealand with the largest trucks carrying payloads of roughly 24t on av&fayel therefore
there isnot a cleareason taeduce the payload capabilities of BEV at this weightThis lower
weight choiceas somewhat incosistent with other discussion in the repgitenit notes that heavy
trucks such as those hauling liquid bulk and forestry prodrexsiiringthe heaviest trucksyould be
the best application.

Regardingechnology assumptian Concept assume®ae thirdweight reduction in battery size
its smallscalescenario which allows for BEV technology to improtlesreforereduéng the payload
penalty furtheto only 6%.The H2 Taranaki Roadmap assumes the saeight throudp 2030 As
mentioned abovehis is unlikely to beealistic due to thligh globalinterestin improvingvehicle
battery technology

The H2 Taranaki Report provides two charging capability scenarios, affecting the overall mileage

capability of a BEV in a yeatt assumea standard 30V charging scenario as is available

currenthy?®® and a fastharging scenario where 180 chargers aresed, both of which apply to the

entire time period. Concept’s approach isa differ
12kW used in the present and advancing to 1MW in the future. Concept indicatéthat

assumptions here acenservativagiven the rapidly increasing capability of chargers. At the time of

writing, it noted that 35kW chargers had already develope@i®eas, ande note thavery recently

300kW chargers have now been installed in Auckl&id.

Therefore, the Concept estimatepotentially skew resultsto an optimistically lower price for
BEVs regarding vehicle capability assumptionswith a potentially overgenerous payload

222 |t does not explicitly state that the batteries themselves are includedpiovtieetrain, but it is inferred given the
increagd weight and the inclusion of the diesel tank for the ICEV. In theory, this could account for the electric motor
being lighter than the diesel engine.

223 Mareev, |., Becker, J., & Sauer, D, 2018 Bdtterydimensioning and life cycle costs analysis ftreavyduty truck
considering the requirements of lehgul transportatidn Energies,11(1), 55.

245t i mp s o n Manitoding, Evaluation“and Review of the Vehicle Dimensions and Mass Rule implemehtétion
May 2014, accessed/12/20 from:https://www.nzta.govt.nz/assets/Commergdaiving/docgMonitoring-evaluation
andreviewof-the-Vehicle DimensionsandMassRule-30-April -2013.pdf

225N Z T AElectric vehicle charging stations list vigvaccessed 15/12/20 frornttps://wwwv.journeys.nzta.govt.nz/ev
chargerdist-view/

226 However, these are currently quite expensivéd ar ge Net NZ, “ ChargeNet NZ installs Ne
Vehicle Chargers”, 27 Au g hitpst/ch2r@e 2d.nz/clargesmtissalesdewdesldnds2 / 20 f r o m:
fastestelectricvehiclechargers/
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reduction, while the H2 Taranaki Roadmap estimates what is likely an overly restrictive

payl oad penalty to the BEV estimate. However, Co
of BEVs arepotentially more realistic given current tecmology advancements, while ta H2

Taranaki Roadmapos alealy ntgay beaut ohdaite. Thesp tesults mlsstrate

the difficulty in predicting the future evolution of technologies that currently have nascent

adoption.

6.3.3. Sensitivity testing

TheConcept analwskscpeoksleshtsesaghout the report,
external sources. Moreover, they provide four different scenarios testing the effects of the level of
hydrogen uptake, the advancements of new vehicle techias)@nd the kilometres beidgiven each

year by these vehicles.

Concept provides an alternative scenario in which hydrogen is taken up at a large scale, and in this
scenariojt assumethat battery technology does not progress. Although it is integetstitest this

case, it creates resultdich are not likely tglay out in realitypattery technologwill almost surely
progress, due to the fact that although they mayentlybe less efficientfor heavyduty trucks, they

are clearly the ideal chadn the light fleet according to each of the studies reviewed here. Therefore,
it is highly likely that batteries will continue to see substantial incedasfficiency and density
regadless of their applicability in LDHHAN addition, as described gection3.2, there is commercial
interestin solving this issue for freiglendeffort is being apliedto do so, above interest for light
vehicles

The H2 Taranaki Roadmap provides only one feature to sensitivitysteshclusions, by providing
scenarios with a standardi& charger for BEVs and an advanced RB0charger. Thé&/ivid
analysisprovides a high and low estimdte 2050in which it assumetechnologycostseither
plateauin 2030 or continue to decrease through@@futthe fact that this analysis only looks at a
single point quite far in the futudiminishes the usefulness oee conclusionshen so much
uncertainty remains in the interim

6.3.4. Scale and use case dependence

As noted in regard to sensitivity testjrige Concept report allows for scenarios in which hydrogen is

taken up at a small scale and a large scale. The-spaddl scenario assumes that hydrogen is likely

only used for a single use case, and therefore electrolysers can run dupeglofferiod and battery

technology likely outpaces hydrogen technology. In the laogde scenario, it is assumed that

additiond renewable generation is needed to be built and electrolysers must be run more frequently,

such that the cost of electricity increaskdditionally, it is assumed that globally hydrogen is the

technol ogy “winner” and t hadvared futhee. THe athet studigsdat e c hn o
notappear taccount for scale or use case dependengaantitative analysis

It should be note that this could be a significant factorTi€O with either etruck' s mass adoption, as
mentioned in other sections of the report. High leveldoiptioncould mean that electrolysers must
run at times when they cannot take advantage gbedk pricingor BEVs may have to charge at off
peak hourslue tocharging optimiation strategie®’ Moreover,grid and generation expansion could
increase electricity prices under either technoldgglatedly, if hydrogen is used for purposes
besides LDHF, and theege material economics of scale in hydrogen produétfithen assuing
multiple use cases could reduce the delivered cost of hydrogen.

227 The most efficient use afpecialisedtharging infrastructure may call for staggering truck charging, requiring some trucks
to charge & peak.

228 Offic e of Energy Efficiency & Renewable Energy, “Central Versus Distributed Hydrogen Producticaceessed 15/12/20
from: https://www.energy.gdeere/fuelcells/centralersusdistributedhydrogenproduction
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6.3.5. Summary of transparency and robustness of assumptions
Table 6.5
Transparency and robustness of assumptions
Castalia Concept H2 Taranaki Vivid
Roadmap
Assumptions  N/A Explicitly provides Provides critical Missing certain
presented and values for assumptions of costs, but costs
verifiable assumptions and payload and annual included are
provide a number of mileage, no presented and
references. Some referencing of referenced.
exceptions, but sources. Other
generally critical assumptions are
assumptions are impossible to back
verifiable. out from
conclusions.
External
benchmarking
Electrolyser N/A In line with external N/A In line with
benchmarks. external
benchmarks.
Electricity Somewhat low, In line with external In line with
appears consistent benchmarks. external
with off-peak pricing. benchmarks.
Infrastructure N/A Likely missing N/A N/A
relevant higher costs
of developing
infrastructure in the
near-term.
Vehicle capital  N/A Present assumptions  N/A Assumptions for
cost and are accurate given FCEV capital
technology publicly available cost are
advancement information, but outdated/low,
forward-looking although more
assumptions may be recent market
optimistic. info was
available at the
time of the study.
Vehicle N/A Potentially over- Likely over- N/A
capabilities optimistic pessimistic about
assumptions about BEV payload
BEV payload capabilities.
capabilities.
Sensitivity Provides a high Provides "sense Provides estimates  Provides "high"
testing scenario and low checks" throughout, for BEVs using a and "low"
scenario aside from testing conclusions 50kW charger and estimates
the base case against external 150kW charger. assuming

assumption,
increasing/decreasing
diesel price inflation
and FCEV capital
cost.

sources. Provides
four separate
scenarios flexing H2
uptake, technology
progress, and vehicle
mileage.

technology/costs
plateau around
2030 or continue
to decrease
through 2050.

Scale and use
case
dependence

N/A

Sensitivity testing
includes scenarios
flexing hydrogen
uptake and likely tech
progression under
the assumption
hydrogen is/is not
globally adopted.

None addressed.

None modelled.
Scenario
addressed but no
analysis
performed.

© NERA Economic Consulting



6.4.

Assessment of modelling performed with cost outcomes across fuel sources

Table 6.6
Summary of assessment framework application to quantitative studies

Summary of methodological review of modelling

Transparency and

Study Coherence of modelling Completeness of cost
robustness of
author framework components i
assumptions
= Purpose: Provides modelling = Component completeness: = Transparency: Most
for MBIE's hydrogen roadmap. Appear to include appropriate assumptions to underlying
» Modelling methodology: cost categories where modelling are unavailable.
Much of the underlying available. A number of cost = Robustness: Model itself
modelling is not public so categories are not presented allows user to test many
. unable to draw conclusions on but may be included. potential scenarios. High,
methodology. - Cost component detail: low, and base case results
« Options considered: Other areas of modelling provided in presentation.
Diesel/ICEV, hydrogen/FCEV, include societal-cost focused
and electricity/BEV. components but appear to
include non-LDHF areas of
the economy.
= Purpose: Examines whether = Component completeness: = Transparency: Nearly all
hydrogen technologies are Provides detailed breakdown quantifiable underlying
likely to be cost effective in of cost assumptions which costs considered, discussed
various use cases to generally are thoroughly and generally referenced.
decarbonise New Zealand's reported. » Robustness: Assumptions
economy. = Cost component detail: generally stand up to
= Modelling methodology: Indirect societal costs or hard- external benchmarking and
Concept . ; . . 0
Estimates total cost of to-quantify factors are not provides various sensitivity
ownership in 2020 and 2040. included. scenarios. However,
Modelling documented and payload assumptions are
internally consistent. potentially over-optimistic
. Options considered: towards BEV capability.
Diesel/ICEV, hydrogen/FCEV,
and electricity/BEV.
= Purpose: Roadmap for a = Component completeness: = Transparency: Most
series of projects for the energy General cost categories are assumptions to underlying
industry in Taranaki to help included in the analysis but modelling are unavailable
New Zealand transition towards some are aggregated to a except for critical
a hydrogen economy. high level. assumptions on payload
= Modelling methodology: = Cost component detail: and annual kms travelled.
H2 TCO for 2018, 2020, 2025, and Indirect societal costs or hard- = Robustness: The payload
Taranaki 2030. Quantitative analysis is a to-quantify factors are not restrictions for BEVs are
roadmap minor component of the overall included. likely overly restrictive,
paper and details on the skewing BEV TCO
underlying modelling are estimates upward. Two BEV
partially unavailable. charging capability
= Options considered: scenarios are tested.
Diesel/ICEV, hydrogen/FCEV,
and electricity/BEV.
= Purpose: Assess potential = Component completeness: = Transparency: Very
paths forward for natural gas Some major cost components transparent assumptions for
and its infrastructure. are missing from the analysis. hydrogen/FCEV,
= Modelling methodology: TCO = Cost component detail: assumptions unavailable for
in 2050. Analysis minor Indirect societal costs or hard- diesel.
Vivid component of overall report. to-quantify factors are not = Robustness: Assumptions

Options considered:
Diesel/ICEV and
hydrogen/FCEV.

included.

included in model generally
stand up to external
benchmarking but for capital
cost of FCEV, which are
quite low.
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6.5.

6.5.1.

Assessment of modelling performed with cost outcomes across fuel sources

Modelling conclusion analysis

Summary of quantitative analyses

Here we set out the final conclusions drawn from the quantitative modelling, comparing the
conclusions against one another given the assessment of the methodologies used.

As discussedh the summaries adach studyat a high levethe resuls of the modking in each of the
guantitativestudies conclude:

Table 6.7

Summary of quantitative findings in New Zealand studies of using green hydrogen for

Study author

Commissioned by

LDHF

Quantitative conclusions

Castalia MBIE The base case finds that FCEVs are more expensive per kilometre than
BEVs until after 2040 but converge with BEVs before 2050. ICEV cost
per kilometre passes above a BEV before 2030 and above a FCEV
before 2035. However, vehicle weights and payloads are not provided
and could have significant influence on results (e.g., lighter trucks).

Concept MBIE, EECA, Across all scenarios, BEVs are likely to be the least-cost option per

Contact, Meridian, kilometre and per tonne-kilometre for heavy vehicles, although both e-

Powerco, First Gas  trucks are likely to become less expensive than ICEV use by 2040.
FCEVs only begin to be competitively priced in the long term with BEVs
in the scenario where battery technology is not assumed to improve.

H2 Taranaki Venture Taranaki, The single scenario modelled finds that per tonne-kilometre, FCEVs are

Roadmap Hiringa Energy, immediately less expensive than BEVs, even using a fast charger, and

New Plymouth become competitively priced with ICEVs using diesel by 2030.
District Council
Vivid First Gas and Vivid only models diesel ICEVs against a high and low FCEV scenario
Powerco in 2050, which is quite distant. Vivid's conclusion is by 2050, FCEVs are
likely to be roughly the same price per kilometre as diesel ICEVs before
applying a carbon price for the heaviest class of freight vehicles.
6.5.2. Analysis of quantitative conclusions across studies and

scenarios

The full set of conclusionacross all scenarios in each study are display@dhigure6.2 andFigure
6.3 below. A full set of assumptions across each scenario in each study can bimfappdndix A.

We review the TCO conclusions in two forms:
=  TCOin dollars per kilometre ($#); and
= TCO in dollars perdannekilometre ($/tkn).

The studies provide their conclusions in both of these mettles H2 Taranaki Roadmap provides

its conclusions in $/tk, while all other studies provide conclusions inrfi/kVe agree with the H2
Taranaki Roadmap methodology irtht is a more useful metric to know the cost per tonne of freight
rather than the cost per payload, given the differenceagabilities of the different technologies.
Moreover, this metric allows for future work to more easily compare these restittstagealyses of
freight movement in modes other than ground transport.

We have provided both metrics where available, meaning that in the instances the assumed payload is

not available (foCastaliaandthe diesel/ICEMor Vivid) we have not provided vads in $/thkn.

Additionally, the payload assumptiéor the FCEV scenario s not expl icitly state:
analysis but is available in the referencing materihis has been sourced and applied to develop the

$/tkm amount.
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Figure 6.2
Comparison of quantitative study conclusions across considered fuels
Freight cost in dollars per kilometre??®
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Concept (Average kms, small scale HZ uptake) ==  Concept (High kms, small scale H2 uptake) Concept (Average kms, large scale H2 upiake)
] Concept (High kms, large scale H2 uptake) =@~ H2 Taranaki Roadmap (150kw charger for BEV) [ ] H2 Taranaki Roadmap (50kw charger for BEVY)

=@ Vivid (High) Vivid (Low) =@= Casilia modelled baze case

229|CEV denotedieselfuel with carbon offset. The H2 Taranaki Roadmeagults are multiplied by payload assumptions to determine $/km for the given truck.
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Figure 6.3
Comparison of available quantitative study conclusions across considered fuels
Freight cost in dollars per tonne/kilometre using payload assumptions®
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Concept (Average kms, small scale H2 uptake) ==  Concept (High kms, small scale H2 uptake) Concept (Average kms, large scale H2 uptake)
@ Concept (High kms, large scale H2 uptaka) =@~ H2 Taranaki Roadmap (150kw charger for BEV) ® H2 Taranaki Roadmap (50kw charger for BEWY)

== Vivid (High) Vivid (Low)

230|CEV denotedlieselfuelwithcab on of f set. The Concept results are divided by payl oadd sapagiasmspetli ons t o d
assumption are not available and therefore excluded here.
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6.5.3. Discussion of compared outcomes

Only focusing on the Concept and Castalia results, when reviewing thet$doks clear that BEVs
are the leastost optionm the long term across all Concept scenarios and the Castalia base case.
However, when applying the payload to find $ttfkhe Concept results find that the cost of freight
per tonnekilometre is generft competitivein priceacross all vehicle types agaed?*

Note thatthe Conceplargescale scenarios show that BEEWstsdo not change much over times
noted earlier, this is due to the assumption that given-krgle hydrogen take up, batterghaology
does not improve. It alstauses the wholegaklectricity price to increase for all users due to
increased generation requirements, therefore effecting BEV charging prices as welllyThe
significant difference for FCEVs in this scenafiom the smalscale scenarids theprice of
delivered fuéincreases based on the electricity cost.

Looking at the H2 Taranaki Roadmap results, on em$/ésis BEVs are less per trip if we assume
15kW chargers are used, but this would be overlooking the fact that there is only a 13t payload
applied for BEVs (with is why it isappropriatdo provide results in tonAldlometre instead). It
therefore makes more sense to focus om$/tikhere we see thétiey conclude FCEVs should
become competitive with diesel by 2080t BEVs remain more expensitren both FCEVand
diesellCEVsthrough the modelled range

However, as notetth our modelling assessment, the paylddterence betweeBEVsand

FCEVICEVsis likely greatethanthe real world and therefore may p@ducingoverly pessimistic

results about BEV pricThi s is al so true f or foB&Wscwhiphtcousl pay ! o
be producing overly optimistic results about BEV TCOs.

Another notable difference between scenarios is the comparatively large gap in the estimates for the
BEV scenarios from thel2 Taranaki Roadmap, which highlights the impact that charging capability
and payload assumptiohsve on BEVS ability to competeGiven our assessment that the charging
capability assumptions alewer than what we are likely to see in practe the pyload penalty

appears aggressiyeonsidering available informatiprthe BEVestimatesn the H2 Taranaki
Roadmapmnalysis may naghow the sameonclusionagainst FCEVs if the charging capabilities were
updatedor a lower payload pernglwas applied

Given our analysis of the underlying methodology and assumgtmmsapital cost of FCE¥and
missing components from cost stadk)s unsurprising that the Vivid conclusions are so low.

Castalia’s assumption for wlooleegs &lhea nelCeomtcreipdi’ tsy i
$61/MWh, which appears to be based on captive winty generatiof¥? (i.e., not pulling from the

gidwhi | e Concept -cenndcted plicesSs Gastaliaoassunges thad electricity costs

decrease by 0.25% each yearlwei Co nc e pt ’ (and evenrerease irsthe datggale

scenario}-this explainsatleat i n part why Castalia’s results fo
| ower than Concept’'s. Castalia also assames a ri
change the diesel cost over time.

Lastly, for additional contexttheanalysis of BEVs agast diesel inCEVsin the MfE MACC report
finds that by 2030, there is a net public bengfiswitching all nevheavy vehicles on the road to
BEVs. Put anotheway, it will be cost effectivéor new heavy trucks entering the fleet to be BEVs
rather tharlCEVs by 2030%*

231 As mentioned above, Castdligpayload assumptiorsnd Vi vi d’ s di esel paylaodad assumpt i c
therefore we cannot deduce the $/tkm.

232 Castalia IPesentation, p. 222.
233 Concept Analysis Reparp. 89.
234 MfE MACC Report p47-48.
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6.6. Findings based on quantitative studies

All existingquantitative modellingve have reviewetbcuson estimating onlythe private costs of
usingdifferent fuels for ajiventruck. Private costs represent only one componeat mdtentially
broader questiothatlooks at the socially optimaf® method of reaching net zero carbon emissions for
LDHF, noting thaif there were no market failures or extalities, these would be the same thing.

The studies do not, and were not sabfie look holistically at the heavy freight fleet in New Zealand
and its fuel use and mode of transport, including:

= The ability of ownetoperatoren masséo purchaseewtecmologyvehicles;

» What happens in the i nter i cialdavailability of rechnologyr i od”
becomes widespread and its total cost of ownership becomes competitive with conventional
options;

= Modal shift—theshifting of some freighto rail and coastal shipping would reduogal
emissionswith other benefits inciding less traffic congestion afess wear and tear on the
roads; and

= Afull life cycle analysis of alternative options with a New Zealand lens, taking into account
impacts orthe environment, emissions concerning the construction and disposal of trucks, human
health and supptghain economic impacts (e.transitional cost due tgob dissolution and
creation).

Thequantitative studies to datiefinea n “ end p o i variols assumptembeirigla e i r
comparison of the total cost of ownership (TCO) for different vehicles and fuels at some point in the
future. They do nioreach conclusions on the cost of a transitional path with the points above in mind.
These studies alsdnaost exclusively analyse green hydrogen FCEVs and BEVs against diesel
ICEVs.

Each of these studies reaches different conclusions due to the faadhatnalysis applies differing
inputs and assumptions in terms of bibth costs includedndthe levelpath for each costThrough
our review, we have found that the factses out inTable6.8 appear to have a large influencetba
study conclusions about the competitiveness of FCEVs and BEVs.

As already noted, the quantificatmim these studies focus on the graint and do not consider
whether alternatives such as biofuels, blue hydrogen, ckeameing fossil fuels (e.gmethaml) or
modal shift might form part of efter the immediate pathr longer term end poirdf decarlonisation
in this sectarTherefore, we find that existing sties and the relevant analyses within have not
provided a thorough answer to the most econoneithod(or methodspf decarbonising LDH
New Zealand.

235 Note that by socially optimal, we mean this in an econoemiss, i.e., considering economy wide costs and benefits.
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Table 6.8

Influential factors driving conclusions in quantitative studies comparing FCEVs and

Factor

BEVs

Discussion

Speed of underlying
technology cost
reductions will likely
determine which e-truck
has a lower TCO.

Even allowing for the reduced capability of BEVs to carry large payloads presently,
the capital cost of FCEVs and electrolysis would need to reduce more quickly than
costs for battery technology. The Concept, Castalia and H2 Taranaki Roadmap
analyses each show that the longer term TCO of FCEVs using green hydrogen
depend on costs dropping more quickly for this alternative than for BEVSs.

Battery recharging and
weight issues persisting
into the future will
disadvantage BEVs for
LDHF in the longer term.

If the disadvantages faced by BEVs in terms of reduced payload and the need to
stop and recharge during a long-distance freight trip persist into the future, BEVs will
be unlikely to compete with FCEVs in LDHF. Both Concept and the H2 Taranaki
Roadmap modelling demonstrate that BEVs’ TCO is highly impacted by these issues.

A substantially higher
carbon price is needed to
disincentivise continued
diesel use.

As an indicative price reference, Concept applies a $100/t COze in 2040, finding that
e-trucks would be cheaper than diesel in ICEVs by that point in time. Castalia does
not disclose its carbon price assumption, but its analysis implies the price would need
to rise to at least $75/t COze by 2035 for FCEVs to outcompete diesel. If restrictions
on diesel imports are imposed, this would also likely increase the TCO of diesel.

Off-peak production (or
dedicated renewable
generation) is needed for
green hydrogen to take
advantage of lower
electricity prices.

The Concept and Castalia modelling demonstrate that the assumed cost of electricity
has a significant impact on the cost of producing green hydrogen. Because hydrogen
is essentially a method of storing energy, it breaks the link between the time
electricity is generated and when the vehicle needs to be refuelled (unlike present
BEV charging). This means production of hydrogen can occur largely outside of peak
hours (if grid connected) or by direct connection to embedded renewable generation.
Green hydrogen can thus take advantage of non-peak electricity prices or the low
cost of intermittent renewable generating capacity while still providing refuelling
outside of the hours it is producing.

If electrolysers were impeded from taking advantage of this lower cost of electricity, it
would increase the barriers for hydrogen FCEVs to become economic by orders of
magnitude due to green hydrogen fuel’s greater (relative to BEV) demand for
renewable energy. The Concept analysis and Castalia modelling assume the same
underlying electricity pricing for BEVs and FCEVs; however BEVs may not be able to

achieve the same price in practice (see Table 7.4).

Road User Charge (RUC)
exemptions on e-trucks
don’t appear to be needed
in the longer term for
FCEVs or BEVs to
become competitive with
ICEVs.

RUC exemptions, which currently only exist for BEVs, don’t appear to be needed in
the longer term for e-trucks to be competitive with ICEVs if the other factors in this
table hold. For example, the Concept modelling includes no RUC exemptions and
finds that BEVs and FCEVs will become competitive with diesel ICEVs. The H2
Taranaki Roadmap modelling has RUC exemption initially and then removes it. This
analysis demonstrates that RUC exemptions appear to have a significant effect on
the cost per tonne-kilometre.
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7. Qualitative assessment of non-quantified
iIssues and opportunities

Some key things are missing from all modelling exercises desaritibé prior section, which are
generally discussed in the qualitatstediessummarised in sectidh2

= Some more difficulto quantify aspects of themsts and benefitsf the fuel sourceandvehicles
modelled arenot included irthe modelling?®

= Biofuels blue hydrogencleaner burning fossil fuendalternativemodaloptions for freight are
not modelled; and

= The analysesnly take into account the total cost of ownership foinaividual, rather than the
total societalcost if these technologies are to be taken up at-swzds.

This section summaés the issues and opportunities surrounding these which are discussed in
gualitativestudies as well as additional outside material we have reviewed and been provided by
stakeholders to inform our own views on these optféhs.

Having summarised thesues and opportuniti@seach tablewe note
= Which pointsareeconomidssues (the subject of this stage of our reyiand
= Which pointsrelate tobarriersto uptake &nd thereforare the subject of our stage 3 review).

We additionallyidentify the potential materiality of each poinin other wordswe determine
whetherthe pont is something that could significantiffect the economics dheoption or isnot
likely to carryenough weight tonaterially change the economiathe option We identify these
pointsas:

= High = high impact and no mitigants

=  Medium = low impat no mitigants or high impact with mitigants

= Low = low impact and mitigants likely

We thenconclude each section lmualitativdy summarisinghelikelihood of the economic issues
which could altethe conclusions of the quantitative analyses.

7.1. Green hydrogen using FCEVs

Thequantitativeanalysisin section6 suggestshatFCEVsare likely to be much higher in cost than
BEVs in the shorter ternWhether and at what point FCEVs are competitive BHEYVs in price in
the longer terndepend on the pace of battery technologye following issues set out Fable7.1
will also have an impact on the economics of FCEVs and green hydrogen.

236 Some aspects are discussed qualitatively in the studies which have quantitadelling, and some of these points have
been referenced in this section.

237 Note that the H2 Taranaki Roadmap alsatains a substantial qualitative review and some of these issues are discussed
as well.
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Table 7.1
Qualitative assessment of non-quantified issues with using green hydrogen and
FCEVs
Issue Barrier or Potential Discussion Potential mitigants
economics  Materiality

Platinum is required Barrier and Medium - Alternatives to platinum are in Research into replacements for
for fuel cells butisa  economics High development using more and reductions of platinum in fuel
scarce material.?®® abundant metals.?*® cells®*® and more efficient recycling

Scarcity of platinum will impact ~ methods®** is progressing.
both economics and feasibility. ~ Scarcity, if material, will increase

Currently, FCEVs are a price which will ration FCEVSs to the
relatively niche vehicle and itis ~ Sectors where the use case is most
not clear whether there is compelling.

sufficient platinum, given
current technology, to support
a wide commercial market for

FCEVs.
Cost of fuel very Economics Low A centralised model would A decentralised model, while not
dependent on likely require transportation via  having the same economies of
centralised or the gas transmission network, scale as a centralised model,
decentralised which may require would have offsetting cost savings
method of modification®*3 of lower transport costs and lower
production/delivery Tube trailers can also be used  €lectricity costs due to being able
2z to distribute hydrogen from a to produce opportunistically. 2

centralised facility to refuelling Trade-offs in terms of cost exist in

stations. both scenarios, but even if

transmission lines were used, this

Price competitiveness between
P does not cover the South Island.?

the two options is dependent
on guantity and distance.?*

238 FuelCellsWorks; Platinum in Fuel Cells: ToBrecious for Clumping 8 August 2019, accessed 15/12/20 from:
https://fuelcellsworks.com/news/platindimfuel-cells-too-preciousfor-clumping/

Z9Ar gonne Nat i oBPRlaihumfiea catalysts coald nyake chieaper hydrogen fuelcells 2 0 Macgessedo 2 0 ,
15/12/2020 fran: https://www.anl.gov/article/platinumfregatalystscould makecheapetydrogenrfuel-cells

240 princetonUniversity, Fot hydrogen fuel cells, mundamaterials might be almost as good asegyrplatinuni, 17 June
2019, accessed 16/12/20 fronttps://www.princeton.edu/nesi2019/06/17/hydrogefuel-cellsmundanematerialsmight
be-almostgoodpricey-platinum

21Gr een Car FraunhofgriVeKs starts groject BReCycle on efficient recycling of fuel’célapril 2020,
accessed 16/12/20 frornttps://www.greencarcongress.com/2020/04/2020r@8ycle.html

2422 MBIE Green Paper,25; MoT Background Papep42

243f converted to hydrogen use, exclusively, but would notrsgnificant modificatn if hydrogen were blended with
natural gas in the existing lineSee sectio3.1for discussion.

244 Xianming Jimmy Li, Jeffrey D Allen, JetaA Stager, Anthony Y K§2020) “Paths to lowcost hydrogen energy at a
scale for trasportation applications in the USA and China via liguydrogen distribution networksClean Energy4(1),
26-47.

245 Offic e of Energy Efficiency & Renewable Energy, “ Central Versus Distributed Hydrogen Producticacessed 15/12/20
from: https://www.energy.gov/eere/fuelcells/centvatsusdistributedhydrogenproduction

246 Concept Analysis Repom52.
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Issue Barrier or Potential Discussion Potential mitigants
economics  Materiality
Large-scale storage Economics Low - According to MBIE technology =~ Whether this is a problem depends
technology Medium for low cost, low-loss, high- on the production model
volume storage does not exist (centralised vs distributed) and
presently?*” Research and how widespread hydrogen
development on this is in adoption is: If hydrogen is a niche
progress.?*® use case for LDHF and produced
via a distributed model, mass
storage is less likely to be a
concern.
Highly dependent on  Barrier and Medium - Peak/off-peak differential could  Trucking and use of gas network
cost of electricity and economics High diminish in the future as more can supplement onsite storage.
economics may rely storage comes online.*® If distributed generation occurs at
on off-peak pricing Off-peak pricing relies on fuelling sites, prices for retail
for electricity and onsite storage and also customers could be de-linked from
grid access.?* decreases electrolyser wholesale electricity price via
utilisation. contracts.
Large scale production may BEV economics also depend on
increase demand and narrow wholesale electricity price.
the gap between peak and off-
peak.
Change to transmission pricing
methodology (TPM) may
remove transmission charge
benefit of off-peak
consumption.
Distributed model may also
involve gas to power (G2P)
opportunistic electricity
generation.?®* This increases
profitability of H2 retailing, but
also potentially re-links H2
value to wholesale electricity
price.
Chicken/egg Barrier Medium Producers will not invest if The Hiringa business model
problem of there is no demand for explicitly addresses this issue by
trucks/refuelling/prod hydrogen and freight operators  vertically integrating into production
uction.?? will not invest in trucks if there  fuelling and truck ownership.
is no reliable supply and Government action can also help
refuelling network. resolve coordination problems.
However, when there is material
uncertainty this creates a risk of
investing in a technology which is
subsequently out-progressed.
247 MBIE Green Paper,40
28 FyelCellWorksNewandLage Scale Hydrogen Hub to Support

access# 16/12/2020 fromhttps://fuelcellsworks.com/newsn-andlargescalehydrogerhub-to-supporidenmarks

greentransition/
2499MoT Strategt Working Papemp21

250 |n the extreme, projects such as the proposed pumped hydro scheme at Lake Onslow could largely eliminate any

peak/offpeak price differential, thah this is currently a subject of debate.

251|n other words, an onsite fuel cell codldnvert hydrogen to electricity and inject power back into the grid at peak times.

252 MBIE Green Paper,5i; NZPC Lowemissions economy reppp367
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Issue Barrier or Potential Discussion Potential mitigants
economics  Materiality
FCEV trucks do not Barrier Medium - Hydrogen FCEVs are not yet Current unavailability does not
currently exist for High commercially available in New  mean trucks will not be available in
purchase. Zealand and the timeline within  the future if the economics stack
which they will be is unclear. up. Toyota has had trucks in pilot
programs for the last 3 years, and
multiple manufacturers are
developing and releasing hydrogen
trucks.?®® Ultimately, New
Zealand’s scale means we are
likely to be a technology taker and
availability of trucks will be reliant
on adoption of FCEV trucks in
other markets.
NZ-specific Barrier and Medium - In addition to being one of the New Zealand’s specific
requirements create  economics High few RHD markets in the world,  requirements may limit the number
hurdle for truck New Zealand also has specific  of suppliers willing to supply New
availability>* requirements for heavy freight ~ Zealand, but ultimately, this is likely
in relation to axle weight.? to mainly be an issue around price.
This may impact truck Hiringa has entered into a
availability or increase costs. partnership with Hyzon and TR
group to aggregate demand for an
initial order of 20 trucks, with more
planned to be introduced
incrementally.2s¢
This issue also exists for BEVs.
Cost issue of owner-  Barrier Low If FCEVs are significantly more A number of ownership models

operators not being
able to adopt tech

expensive to purchase than
diesel ICEVs and BEVs (and
stay that way), owner-
operators may be unable to
finance them even if FCEVs
are the more economic option
in the long term.

exist in the freight sector, including
company-owned trucks. If the
market transitions to FCEVs
because it is privately profitable to
do so and upfront purchase costs
are a barrier to owner-operators,
then the market will likely transition
to more corporate ownership or
alternative financing arrangements,
such as Hiringa’s and Nikola’s
lease model.?%”

253 Aside from Nikola ad Toyota, Hyundai and Daimler each have FCEV trucletdges of release and piloting

Forbes; Toyota, Hino Plan U.S. Hydrogen Big Rig As Upstart Nikola Tries To Stay On Coér&tober 2020accessed

16/12/20 fromhttps://www.forbes.com/sites/alanohnsman/2020/10/05/tdyioi@plan-us-hydrogenbig-rig-asupstart

nikola-triesto-stayon-course

Hyundai Hydrogen Mobility HY und a i
Truck Expansion to Global Markéts7 October202Q accessed 16/12/20 fromitps://hyundai
hm.com/en/2020/10/07/hyundaiotorsdelivery-of-xcientfuel-cell-trucksin-europehemldsits-commercialtruck-

Mot or’' s Del i

very of

XCIlI ENT

expansiorto-globatmarkets/

Forb e Daimlér Shows Off LongRange Hydrogen Semi, New Battery Truck Amid Nikola Uprph6é Sepember 2020

accessed 16/12/20 fromttps://www.forbes.com/sites/alanohnsman/2020/09/16/daishiewsoff-long-rangehydrogen

Fuel

seminew-batterytruck-amid-nikola-uproar

254 MoT Strategic Working Papgpn22-23; MoT Background Papep24.

255H2 Taranaki Roadmap37.
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27Hi r i nga TEG@reup &Hiringa &nnounce partnership to jointly introduce Heavyl Badl Electric Trucks into
NZ” 8 July2020, accessed 15/12/20 froitps://www.hiringa.co.nz/postirouphiringa-announcepartnershigo-

jointly-introduceheavyfuel-cell-electrictrucksinto-nz; N i

kol a,

https://nikolamoto.com/two
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Qualitative assessment of non-quantified issues and opportunities

As this table demonstrates, the ken-quantified issues regardindgieé economicsf usinghydrogen

in FCEVsfor LDHF appear to be:

= The pricingandavailability of platinumallowing for largescale commercidtCEV marketsand
whetherviable alternativecatalystsare deeloped for use in fuel cells;

= The cost oklectricity, including whether peak/cffeak diffeentials persist in the futuandif
proposed changes to the TPMiiease the cost of drawing power-péak; and

= The availability and pricing of FCEV heavy trucks suitable for the New Zealand market.

By contrast, th opportunitiesassociateavith green hydrogen FCEVs thatre not quantifiedreset

out belowin Table7.2 below.

Table 7.2

Qualitative assessment of non-quantified opportunities with using green hydrogen

Potential
materiality

Barrier or
economics

Opportunity

Medium -
High

Fuel cells have a Economics
longer life than

batteries and need

to be replaced less

often?%®

Energy security/ Economics
independence and

resiliency,

particularly with

distributed

production

Low - High

and FCEVs

Discussion

The performance of batteries
and fuel cells degrade over
time and therefore batteries
and fuel cells may need to be
replaced during the life of the
truck, although degrade more
quickly.

This may be exacerbated for
high-usage vehicles like LDHF
trucks, if ultra-fast charging is
required to close charge time
disadvantage for BEV trucks
and this results in more
frequent recharging.?*®

Domestic and distributed
protection provides an
insurance value of sorts.

Local production of fuel
reduces reliance on overseas
supply chains for fuel, relative
to liquid alternatives which may
be increasingly imported if
plans to scale back production
at Marsden Point are
implemented.26°

Decentralised production (and
storage) will also mitigate the
impacts of local supply
disruptions.

Potential mitigants

Battery technology will not
stand still, so hydrogen’s
advantage may dissipate in the
future.

The benefits of domestic
production would also apply to
BEVs, as all electricity is
generated domestically. Both
BEVs and FCEVs would be
impacted by an outage to the
grid, as hydrogen requires
electricity for production.
However, local storage at
refuelling sites would provide
an insurance benefit over and
above that provided by using
electricity, unless installing
batteries at BEV fuelling
stations is economic.

Still reliant on overseas supply
chains for equipment, though
fuel would be locally produced.

258 MoT Background Papep28
259 H2 Taranaki Roadmap16.
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Qualitative assessment of non-quantified issues and opportunities

Opportunity Barrier or Potential Discussion Potential mitigants
economics materiality

Noise pollution Economics Low Vehicles with electric motors LDHF spends most of its time

reduction compared are much quieter than ICEVs. on highways where noise

to ICEVs®! pollution may be less of a

concern.
Freight pick up and drop off for
LDHF is generally at logistics
centres, which are located in
industrial areas where noise
may be less of a concern.
Similarly, movements of heavy
freight trucks in populated
areas already face restrictions
to minimise the impact.

The keyunmodelledopportunities, ar¢gherefore

= Fuel cells cay alongetrlife advantage to batteries, whiahder presertechnologyis
exacerbated by fasharging and

* Increased energy security if green hydrogeproduced locally, with further potential benefits if
it is produced in a distributed manner.

7.2. Blue hydrogen using FCEVs

Many of the issueandopportunities withusing blue hydrogen are common with green hydragen
termsof their end use in an FCEWhe key unmodeled issuarique to blue hydrogesre the price
of delivered fuefor FCEVsproduced by BIR+CCS

For context, Concept did in fact model a price of Biydrogenagainst green hydrogebut not in the
context of use as a fuel for FCEVs and therefore sgbdtantiallydifferent inputsin this analysis of
the powerfto-gas use case which assumsmgthegas transmissiolinesand largescale hydrogen
production facilities, Concepstimatedlue hydrogento behalf the pricegreenhydrogenper
NZ$/GJI*?

Theissues with blue hydrogemhich we can qualitatively assess ae¢ out in the table below.

261 H2 Taranaki Roadmayp,16.
262 Concept Analysis Repomp27-28.
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Qualitative assessment of non-quantified issues and opportunities

Table 7.3

Qualitative assessment of non-quantified issues with using blue hydrogen FCEVs

Issue Barrier or Potential Discussion Potential mitigants
economics  Materiality
Technology maturity  Barrier and Medium - There are still remaining Technology doesn’t stand still and
for CCS263 economics High emissions using CCS CCS may improve within timeline
presently. A new process that blue hydrogen could be
which can be used to create adopted. Currently, an existing
hydrogen, the Allam Cycle, is project to implement CCS in
stated to capture 100% of hydrogen production using the
carbon but is still not a proven Allam cycle is slated to be
technology at large scale.?®* established by Pouakai/8 Rivers in
Uncertainty around technology ~ Taranaki.?®
progression and residual
emissions (i.e., increased
social cost) may hinder use
case.
Geographic Barrier and Low - Geological soundness is The gas transmission network
concentration of economics Medium paramount to CCS already connects to Taranaki, so
potential storage in effectiveness. Taranaki is the transport would not be an issue
Taranaki only place identified in New (subject to the transport concerns
Zealand that could potentially identified above).
be used for CCS. This may The majority of New Zealand’s gas
require concentration of is in Taranaki,?” so it’s likely that
production in Taranaki.?®® blue hydrogen production would
locate here anyways if a
centralised production model was
adopted.
Blue hydrogen is Economics Medium - Could result in stranded assets  Less of an issue if cost recovery for
only a transitional High if blue hydrogen is displaced initial investment occurs within

fuel,?®® yet the
infrastructure costs
could be significant

by another fuel in the future
and production/storage
facilities have no alternative
use.

timeframe that transition is
expected to occur.

CCS facilities may have
applicability to other carbon-
producing industrial processes,
reducing the risk of stranded
assets.?®

Thekey nonquantified issues with respectthe economics of blugydrogen are therefore that:

= CCStechnology, iffwhen it matures, stdbuldresult inresidualemissions; and

= Another fuel becomes more economic than blue hydrffigeexample, because CGll results
in residualemissionspeforetheinitial investments are recoverehd thesassets become

strarded.

263 Concept ReseardReport, p26.

264p o w e300:-MW*Natural Gas Allam Cycle Power Plant Targeted for 2022 2 7

N o v eqodssed 15/22020 9 ,

from: https://www.powermag.com/30Mw-naturatgasallam-cycle-powerplanttargetedfor-2022/

265H2 Taranaki Roadmap26-27;NZ H e 18 Riveds,'cledenergy' project breaks cover in push for $20m in furiding
26 November 201,8accessed6/12/20 fromhttps//www.nzherald.co.nz/businessi@ers-clearenergyprojectbreaks
coverin-pushfor-20m-in-funding/633F72QPIMWOV74ZVXPSTRWLVA/

266 Concept ReseardReport, p26.
®"MB I E,

“ Ga saccedsed t156/4 /20 ftogmips://www.mbie.govt.nz/buildingnd-energy/energandnaturat

resources/energstatisticsandmodeling/energystatistics/gastatistics/

268 H2 TaranakiRoadmap, p15; Ralf DickelBlue hydrogen as an enabler of green hydrogen: the case of Gérimaay
Oxford Institute for Energy Studieslay 2020

269 Global CCS Instituteintroduction to Industrial Carbn Capture and Storagdune 2016.
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Qualitative assessment of non-quantified issues and opportunities

The key economic opportunity is that blue hydrogen besheapeto produce thagreen hydrogen
in the event hydrogers taken up for other use casé$Even if one believes thatue hydrogen is not
a longterm solution becauseusesfossil fuels as an inpuyit may provide a lowecosttransitionfuel
if one believes that green hydrogen is the end point.

7.3. Direct electrification using BEVs

Theexistingquantitative analyss suggest th&EVs suffer frompayloadandrecharging isses
currently, but still may beless expensiveercemission vehicle than FCEWs the neaitermfor
LDHF under certain circumstancéhe followingadditionalissues and opportunities have been
raised inthe studies we have examingtroughour own reseh andstakeholdediscussionsbutnot
quantfied.

Table 7.4

Qualitative assessment of non-quantified issues with using direct electrification with

BEVs
Issue Barrier or Potential Discussion Potential mitigants
economics  Materiality

Sustainability of Barrier and Medium - Concerns have been raised This is a global technological

lithium-ion economics High about the environmental problem and research is being

batteries?’ impact of lithium and cobalt done towards developing various
extraction and battery battery alternatives which rely on
disposal/recyclability.?’2 more abundant/safer materials.?™

Additionally, increased
demand for lithium and cobalt
have raised concerns about
longer-term availability.?”®

BEV trucks are just Barrier Medium - BEVs are just beginning to Alsco has just released a BEV

coming to the High become commercially heavy truck in New Zealand, but it

market. available for purchase in New is unclear what its payload
Zealand and the timeline capabilities are.?”® Foodstuffs and
withing which they will be EECA have recently partnered to
widely available is unclear. develop a single EV refrigerated

truck, which is driving on the South
Island.?® Scania recently launched
a commercially available BEV truck
in Europe?”

270Vivid Report, pt0; Concept Analysis Repop28.

211 MoT Strategic Working Papgp23.

22MoT Background Papepl18,19, 21 MoT Strategic Working Papgp23

213 McKinsey & CompanylLithium and cobalt a tale of twoccommoditiesJune 2018

274Borah, R., Hughson, F. R., Johnston, J., & Nann, T. (2020) battery materials and methbddslaterials Today
Advances6, 100046.

Z5A1 s Ne,w “Zeal aner’au | f iErVs tr olacdesspd6/dd/2@ftorh: btips:/www.stories.alsco.co.nztev
freighter
28Foodstuffs;,Foodst uf fs and EECA p 400% eleetric refrigeratedlogistigsitriict R 2B’ s) ufnier s

2020, accessed 16/12/20 frontps://www.foodstuffs.co.nz/medigentre/newsnedia/foodstuffsandeecapartnerup-to-
build-nz%E2%80%994irst-100-electricrefrigeratediogisticstruck/

2ITE | e ¢ t Scania launchés BEV & PHEV truck sefies, 27 November 2020, accessed 16/ 1
https://www.electrive.com/2020/11/27/scaaianouncesnarketlaunchof-bevphevtrucks/
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Qualitative assessment of non-quantified issues and opportunities

Issue Barrier or Potential Discussion Potential mitigants
economics  Materiality
NZ-specific Barrier and Medium - In addition to being one of the New Zealand'’s specific
requirements create  economics High few RHD markets in the world,  requirements may limit the number
hurdle for truck New Zealand also has specific  of suppliers willing to supply New
availability?® requirements for heavy freight ~ Zealand, but ultimately, this is likely
in relation to axle weight.?”® to mainly be an issue around price.
This may impact truck This is equally true for FCEVs.
availability or increase costs.
Fast charging may Economics Medium - Performance degradation and Battery swapping schemes would
result in battery High battery replacement avoid the need for fast charging,
degradation, accelerated by using ultra-fast but this could increase costs (as
shortening battery charging could increase costs. more batteries would be need),
life280 though may not result in material
net increase in batteries used
(batteries would be used in parallel
rather than sequentially)?!
Generation/Grid Barrier and Low - Fast charging during peak Battery swapping or smart
constraints economics Medium hours and charging in less charging (if possible for LDHF)

developed areas of the grid
could result in constraints on
ability to charge.?®?

Largely an issue of price (i.e.,
facing peak pricing or funding
transmission upgrades), but
this will affect the economics of
using BEVs.

could mitigate impacts of charging
at peak.?®

More general, economy-wide
initiatives to flatten demand
(demand response, distributed
energy resources and large-scale
storage) could mitigate issues
around peak pricing.

The main additional issues therefore appear to be the

= Cost and availability of BEV trucks suitable for New Zealand (which is also an issue for FCEVSs);

= Sustainability issues witbontinued use oftliium-ion batteries; and

= The impacts of fast charging twoth network infrastructure armttery life and performanad

the truck

218 MoT Strategic Working Papep.2223; MoT Background Papep24.
219 H2 Taranaki Roadmap37.
28042 Taranaki Roadmayp,16.
281 MoT Background Papep22
282 MoT Background Papep22;MoT Strategic Working Papgp21/22
283MoT Background Papep22.
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Qualitative assessment of non-quantified issues and opportunities

Table 7.5

Qualitative assessment of non-quantified opportunities with using direct
electrification with BEVs

Opportunity Barrier or
economics

Energy security / Economics

independence

Noise pollution Economics

reduction vs ICEV

Potential
materiality

Low - High

Low -
Medium

Discussion

Local production of electricity
reduces reliance on overseas
supply chains for fuel, relative
to liquid alternatives which may
be increasingly imported if
plans to scale back production
at Marsden point are
implemented.?*

Vehicles with electric motors
are much quieter than
ICEVs. %

Potential mitigants

Benefits of local fuel production
equally apply to FCEVs, unless
hydrogen is imported. Both
BEVs and FCEVs would be
impacted by an outage to the
grid, as hydrogen requires
electricity for production.

Still reliant on overseas supply
chains for equipment, though
fuel would be locally produced.

LDHF spends most of its time
on highways where noise
pollution may be less of a
concern.

Freight pick up and drop off for
LDHF is generally at logistics
centres, which are located in
industrial areas, where, noise
may be less of a concern.
Similarly, movements of heavy
freight trucks in populated
areas already face restrictions
to minimise the impact.

The key potential additionainquantifiedbenefit of BEVs relative tothe status quas therefore

searity of suppy and resiliency

7.4.

Advanced biofuel using ICEVs

As already discussetiofuel of any typewas not explicitly considered as an alternative in @itpe
guantitative analyses of green hydrogés mentioned in sectioB, the advaned biofuelrenewable

diesl appears to be the onlfiyofuel option at present which offers a realistic zexb carboroption
(as conventional biofuels can only be blended with diesel at lowwittesut vehicle modificatiop

Table 7.6

Qualitative assessment of issues with using advanced biofuel with ICEVs

Issue Barrier or Potential Discussion Potential mitigants
economics  Materiality

Transparency of Barrier and Medium Different organic materials can  Certification schemes for biofuel

supply chain economics be used to produce renewable  which guarantee lifetime emissions
diesel and it’s not clear that could be implemented, though this
production is necessarily net would impose additional costs.
zero. For example, if nitrogen |t jifetime emissions can't be
fertiliser is used, this could verified, this would pose a barrier
increase emissions.?86 to biofuel uptake.

24T he Nor t he rRefiniAgd\ o scalé down it§ Marsden Point @gtiem from nextyedr, 5 Oct ober

accessed 16/12/20 fromttps://www.nzherald.co.nz/nternadvocate/news/refiningz-to-scaledownits-marsderpoint

operationfrom-nextyear/W5M6FTGU4TSGOIVOGKORS3NINYE/

285H2 Taranaki Roadmayp16.

286 MoT Background Papep21,NZPC Lowemissions economy reppp366.
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Qualitative assessment of non-quantified issues and opportunities

Issue Barrier or Potential Discussion Potential mitigants
economics  Materiality
Tail pipe emissions Barrier Medium - While biofuels can theoretically  Limited, unless biofuels have lower
High be net zero emission over their  tail pipe emission than
lifetime, there are still conventional diesel. Neste has
emissions at the tail pipe. shown that its renewable diesel
This could raise concerns burns cleaner than traditional

about localised air quality and ~ diesel.?*
pose a barrier to adoption for
organisations committed to

zero (as opposed net zero

emissions).
Land and resource Barrier and Low - Biofuel production requires Scion modelling suggests that
availability economics Medium large amounts of feedstock.?%® while significant there is sufficient
The amount land required to non-arable land to grow enough

grow the required crops would  trees to produce the renewable
be substantial. Biomass, which  diesel required for LDHF.2%°
also can be used, is also used

by other industries and there

would therefore be competition

for resources.?®

Unequal government  Economics Medium - ICEVs currently attract RUC Govt policy could be changed to
support vs other low High while BEVs do not. This more directly promote zero/low
emissions options distorts choice towards BEVs emissions fuels in a technology

(and potentially FCEVs), even neutral manner — for example, use

though renewable diesel might  a low emissions fuel standard

also be low/net zero emission. (which targets emissions) instead
of the RUC (which are weight-
based charged designed to fund
road maintenance).

Technological Barrier and Low - Production of renewable diesel  This is a global problem and
immaturity economics Medium is not yet occurring in large commercial applications are
commercial quantities.?* beginning to emerge overseas.?*?

In addition, this option would use
existing trucks so technological
development is only required in
production, unlike BEVs and
FCEVs where trucks are also an
issue.

The key eonomic issug areavadlability anda nortechnology agnostic approach to promoting-ow
emissionfuelsin New Zealandplacingbiofuels at an economic disadvantage.

Regarding the opportunities, these are set oliable7.7 below.

ZPINESTEedUd Red e mi s s /228 from:httasc/enensnesee gomip®ductskpitoducts/renewablead
transport/reduceémissions

288 MoT Background Papep36.

289US Department of EneygAlternative Fuels Data Centér,Re newa b | e Hy dr acceasechl6/h2/2@fiom:f uel s’ ,
https://afdc.energy.gov/fuels/emerging_hydrocarbon.html

2% Scion Technical Report, p4.
291 Scion Summary Report, p20.
292|RENA, Advanced Biofuels: What holds them badk@vember 201919.
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Qualitative assessment of non-quantified issues and opportunities

Table 7.7
Qualitative assessment of non-quantified opportunities with using advanced biofuel
with ICEVs
Opportunity Barrier or Potential Discussion Potential mitigants
economics materiality
New trucks are not Barrier and Low - High Advanced or “2" generation” Trucks need to be replaced
required, and economics biofuels are a drop in substitute  over time, so this is primarily a
existing trucks have for diesel, therefore fuel benefit within the usable
a long life substitution does not also lifetime of the current truck
require vehicle substitution. fleet.
Long life of trucks (over 20 Whether this is a benefit
years across various uses) also  therefore depends on the
means investment now can timeframe — for a more short-
have lasting impact on term timeframe the benefit
emissions. would be substantial, whereas
for a long-term analysis the
benefit disappears.
Relatively Barrier and Medium - Given the nearer-term Commerciality of alternatives
immediate economics High commerciality of biofuels and (BEVs and FCEVs) may
application compatibility with the existing progress more rapidly than

fleet, renewable diesel could
provide a more immediate
option for widespread
emissions reductions,?® even if
it is not the most economic
long-term method.

some anticipate.

If we continue to purchase new
ICEVs in the short run, the long
life of ICEVs may slow
transition to alternative fuels in
the future.

The key economic opportunities are therefore the more immediate applicatiore dackthf an
incremental vehicle cost, both of which are driverihgyability of adtancedbiofuels to be used as a
drop-in substitutefor dieselin existing vehicles.

Additionally, we note that the MfRIACC analysidinds that assumingpil prices ofUS$2/bbl and

NZ$80/tonne for logs delivered to a biorefinetye carbon price is estimated to need to be NZ#240

CO; for renewable diesel to supersedssil diesel?®* This price would go down if the price of oil

were higher, or the price ééedstock wereolwer. It notes that if theprice of diesel increased to above

US$90/bbl (keeping constant thepst offeedstock)renewable diesel would become a very
prospective opdn for decarbonisingeavy road freight in New Zealai¥.

7.5. Modal shift

Like biofuels, noneof the quantitativeanalysesonsidemodal freightshift as an option for
decarbonising LDHFThis is also not discussed as extensively ingtnitativestudies we have
examined (e.git was specifically out of scope for the Ministry Dfr a n s greerr fieighs

project®).

As discussed in sectidn2.4on the NZPC report, coastal and rail shipping have lower emissions
profiles per tonndilometre. The volume of freight which is suitable to switch to these alternative
modes idimited, likely to interregional freight which is not time sensitive is best suited to thisamod

293 MoT Background Papep37;MoT Strategic Working Papgp22.

2% Note that thizost is reported for marine and rail use, thetdiesel is the same as what vebbé used in a heavy truck.
MfE MACC Report p45 & 88.

295 MfE MACC Report p86.
2% MoT Strategic Working Papgep8.
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shift, or put another way, freight trips over long distantbss segment of the freight task overlaps
significantly with that of the LDHFask.

Looking ouside the transitioto lower emissions fuels, mabkhift could reduce emissions using
existing technologies arfdssil fuek. This is becaugeains and coastahipping achieve economies
of scale and thereforare much more efficiemn a pure $/tkm msand emissions per tkiasis
Moreover,shifting freightaway fromroadswould mean lessongestion andequiredmaintenance on
New Ze digravayd ' s

The key issueleterringmodalshift is that road freight offerfexibility and speedRoadfreightis
therefore morédeal in particulafor shorter tripsandto destinationghat would not be hubs for
freight or ral. By shifting freight which would neeib be loaded back onto trucks for the first and
final legs of the trip, an additional cost is addedtime and labour to move the freight.

Modal shift couldtheoretically be combined witta complementarfuel shift byupdating tcelectric

(or hydrogetrains. However, the North Island Main Trunk Line (NIMT) is not currently electrified
between Hamibn and AucklandAs a reslt, in December 2016 KiviRail replaced the NIMT fleet
with di2egs7ellocomotives as this was cheaper than ##1B cost of electrifying the rest of the

NIMT.

Given the flexibility offered by road, rail and coastal shipping wilydoe a substitute for road freight
if it is superior insomeor all of cost, reliability and speétf This means the opportunity for modal
shift is most likely to be LDHF.

It is a significant point to note théte part of the freight taskhere modal sh offers the most
opportunity is also the same area wheis being suggested green hydrogen FCEVs have the most
promise.This suggests the current lack of analysis of rail as an alternative for LDHF is an important
omission.

Moreover,the MfE MACC angysisinvestigatsthe carbon price needéal battery elecic trains to
supersede diesdinding thatif the battery is sized to alloavernight charging, thea negative
carbon price mape possibleThisindicates electrified rail becoming mogeononically competitive
in the future?®®

Hydrogen may alsprovide additional opportunities for malhift given it is a method for
decarbonising ocean freight ahgbrid electric anchydrogentrains could potentially be a cheaper
option tharelectrifying the emainder of the NIMT.

This discussion illustrates thimeight mode consideration should be given to:
= The potential benefits of electrifying the NIMahd making other investments to improve the

speed and reliability of rail for LDHRncluding theincidentl reducedmaintenancetemming
from freight shifted off roads

= Thenecessaryrice/qualityimprovement required faoad freightcustomerdo shift todifferent
modes;and

=  Whetherthe transition to lower emissions fuels could d&smlitate the transitio to different
modes (e.gthe economics afisinghydrogenfuel celltrains in New Zealand)

We note that the MoBackground Papestates that the ministry is conductinigvestigations in the
benefitsof shifting freight torail and coastal shippint)® Our suggestion is therefore that this work
should be integrated with work that more narrowly focuses on fuel choice for tru¢kiagis to say,

297 NZPC Lowemissions economy repp363 R N Z KiwiRail to scrap electric on main trunk ling21 Decembe2016,
accessed 16/12/20 fromttps://www.rnz.co.nz/news/national/320956/kiwitmtscrapelectricon-maintrunk-line

298 A similar point is made bi¥oT Background Papepl5
299 \IfE MA CC Report p46.
300 MoT Background Papepi5.
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any assessment should be both mode and fuel agnostic to get the most complete view on what is the
most econoric method of decarbonising LDHF.

In terms ofour research questipthis discussion suggeshatfor green hydrogen FCEVs to be the
most economipath todecarbonising LDHF

= Rail and coastal shipping cannot offesenice that is fastreliableor cheap enagh for
substitution to occyror

= The necessary investment requiredi¢garbonis¢he rail or coastal shipping sector in the long
termwould be cost prohibitive.

7.6. Findings on unquantified issues and opportunities

In sum our review identifieda number ofactors that were not explicitly quantified in the analyses of
green hydrogen FCEVs, BEVs and diesel ICEVs and considerations around the other unquantified
alternatives that in our view would have a material impact oraitters that need to be true foegn
hydrogen to be the most economic method of decarbonising LDk#Se are summarisedTiable

7.8.

Table 7.8
Material non-quantified issues and opportunities using alternative decarbonisation
methods for LDHF

Alternative Non-quantified issues Non-quantified opportunities
Green hydrogen / = The platinum problem, including = Longer life of fuel cells vs batteries
FCEVs sourcing and recycling.30! reduces lifetime costs of FCEVs
« Availability and pricing of FCEVs compared to BEVs.
suitable for NZ conditions. = Increased energy security/resiliency if
= Opportunistic production when produced locally. Additional benefit from
electricity prices are low may not be decentralised production.

viable if peak/off-peak differentials
reduce and TPM pricing increases
charges for off-peak use.

Blue hydrogen / = Same platinum and FCEV issues as per = Blue hydrogen may initially be much
FCEVs green hydrogen. cheaper to produce than green
= CCS technology is developing but not hydrogen.
yet widely established.
= If only a transition fuel, stranding risk if
zero-emission alternatives become
commercial earlier than anticipated.

301 pJatinum is a critical component to fuel cells (under current technology), and platinum is a rare and expensive metal.
Therefore, largescale adoption of FCEVs globally will likely require a substitute fotiqlan to be developed or
technological advansghat reduce the amount of platinum required to run an FCEV. Additionally, recycling platinum at
the end of the life of the fuel cell is costly. As we discuss in se8tihbmeseath is already underway to find alternatives to
platinum as a fuel cell catalyst.
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Non-quantified issues

Non-quantified opportunities

Direct
electrification /
BEVs

The lithium and cobalt problems,
including sourcing and recycling.3%2

As per FCEVs, availability and pricing of
BEV trucks meeting NZ specifications.
Use of ultra-fast chargers could reduce
battery life and performance.

If ultra-fast charging leads to charging
during peak demand periods, could
result in increased grid costs and
therefore increase BEV running costs.

Resiliency/security of supply, vs
imported fuels, of domestic energy
production.

Advanced
biofuel / ICEVs

Road user charge (RUC) exemptions for
BEV (and potentially FCEV) distort
decisions away from biofuels.

Supply constraints due to demand from
other industries could strain mass
adoption.

More immediate use than FCEVs/BEVs.
Use of existing ICEV fleet means
existing fleet does not need to be
replaced in near term.

Less flexible than road freight, and cost
and emissions savings still may not be
enough to offset this.

Investment will likely also be required to
update infrastructure for these modes.

More efficient from both a cost and an
emissions perspective.

Hydrogen FCEV trains could be
cheaper than electrifying the remainder
of the North Island Main Trunk Rail line.
LDHF, promoted as most amenable to
using FCEVs, may also be the portion of
the freight task most amenable to modal
shift, given distances involved.

Our keyobsevation upon review of these studies is that there are significant factors outside the
private costs borne by a freight operator which must be taken into account to determine the total

societal cost of adopting any or each of the above alternativ@&3HR in New ZealandSignificant
issuedor BEVs and FCEVs are scaling up these technologiek relying onrare earth metals

(plati num,

period”

advances in battery and fuel cell technology leave significant uncertainty over the next decade in

cobal't and

i thium)

and the i

utrutk belomes witlely eammercially available. Moreover, toatinuous

terms of private costs.

Additionally, from a total societal cost standpoint, applying RWGane vehicles but not otheis

essentially a crossubsidy. Presently, RUC exemptions only exist for BEVs, but moving forward this

is likely to evolve to include other lovand zereemission options. The RUC in part funds road

maintenance, charged afuaction of weight, not fuel choice. There is therefore a risk that applying

RUC exemptions to promote decarbonisation in a way that is not techrwognal could
inefficiently distort fueland vehiclechoice away fronother decarbonisation alternativ@sis risk is

particularly important given the uncertainty and technological immatofitiecarbonisation options

for LDHF.

Our analysis also highlights that quantitative analyses comparing the TCO of green hydrogen
powered FCEVs against advanced biofuelblue hydrogen have not yet been perfornatithough
they have been qualitatively considerAdditionally, the TCO foiconventionabiofuelsand other

3092 ithium and cobalt are both critical components to lithium ion batteries (which run BEVs under current technology).
These are both rare and expensive meaald cobalt mirgin particular are extremely concentrated geographically. The
recent spikes in demand for these materials due to their use in a range of electric technologies has led to major concern
about future price and availability, and current eghiicthe supply ltain. Therefore, continued adoption of BEVs at larger
scale will likely require substitutes for, or major reductions of, these materials moving forward. Additionally, recycling

these materials from batteries at the end of life is cosHyw@ discuss inextion3.2, research is underway to find
alternatives to lithium and cobalt in batteries for electric vehicles.
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lower-emission options (e.g. methanol and LN@ye not been quantifiedalthough tlese could also
potenially be effectiveasmore immediate transitional fuse®®

Looking outside thenore narrowens of what fuel should be used in trucks, modal shift to rail and/or
coastal shipping could potentially result in material cost and emissions savings acrossfuettra
sector, as well as other benefits including a substantial reduction in truck ergenoad congestion
and highway maintenanc®@/e consider that modal shghould be further explored.

Our overall conclusion from our review of these studies isthfggie remains uncertainty as to what is

the leasttost path to decarbonising LDHFinNéiwe al and, particul arly where
include goals for both shetérm and longeterm emissions reductiasthe answers to each question

might be diffeent.

303 Noting that this is not consideradi length by any of the studies reviewed.
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8.  Areas for further investigation

The key gaps we have identified after reviewing élisting studies are:

= Existing studies focus on comparing green hydrogen FCEVs and BEVs with ICEVs, but do not
consider broader alternatives for decarbonising LDtthsas biofuels, blue hydrogen, cleaner
burning fossil fuels or modal shift;

= Relatedly, the studies focusonlengun economics (the end point?”)
the economics of more i mmediate options to dec

= The studks were often completed with a different purpose to ours, and therefonedediing
and assumptions are not available in a way that the findings can be rigorously tested and updated
to account for future technology and cost changes; and

= The public datahat exists orthe LDHF taskin New Zealand isrelatively sparse andggegagd,
which makes it difficult to dfine what LDHFmeansn a NewZealand context.

Our review suggeststhath e publ i ¢ pol i cy debpadients”ura nodu ntdh en gmao
immediatet er m “path” for decar bo npukliciyagalablTO medelul d be
with overlays for social costs and benefithis would ideallycompare the full identified range of

options against each othend allow comparisons to be mauteth in the longer and more immediate

terms. Suchamodelwouldfc i | i t at e answering a whabecaonticol i st i ¢
options exist to decarbonise LDHF in both the in

This model wouldallow assumptions to be transpatgnested updatedand challengedMuch of the
analysis that wdd go into a modelling exercidike the described public TCO modateady exists
but is contained in disparate reports and modhish focus on a subset of the options.

Similarly, a more tbaggregated and detailed public data set on truck movementds makk such a
model more useful and progress the policy discussion more generally. In particular, a better
understanding of how far trucks travel in a day, how much freight they carry anchdmytrucks fit

into different bands of daily tonAdlometres vould enable better identification of the segments of the
LDHF task that are amenable to different decarbonisation opfitiisis particularly the case with
respect to BEVs where the currératdeoff between range, payload and charging time may not yet
economically support the needs of LDHF
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Appendix A. Critical assumptions in each
guantitative modelling scenario

The following tables display critical underlying assumptionsefach scenario provided leach
study.Note the following:

= Greycellsindicatethe at egory i sn’t r el evnéaindicatesdhatthee vehi cl

information is not availale for thescenario and category.

= The H2 Taranaki Roadmap alswludes assumptiorfer 2018, whit is omitted fromFigure6.2,
Figure6.3 andthis appendixand 2025whichis omitted from the appenditue torepetition.

= Due to the sparse availability of the Castalia assumptions, only the availabtgtess for 2020
and 2040 are presented for brevity

= FCEV indicate green hydrogeiueledFCEVs and ICEV indicatdieselfueledICEVs.

Table A.1
Concept assumptions3%*
Average kms

Vehicle FCEV BEV ICEV FCEV BEV FCEV BEV ICEV
Year 2020 2020 2020 2040 2040 2040 2040 2040
Base, Base, Base, Small- Small- Large- Large- Average
average  average  average scaleH2 scaleH2 scaleH2 scaleH2 kms
Scenario kms kms kms uptake, uptake, uptake, uptake,
description average  average average  average
kms kms kms kms

Upstream
Electrolyser capex
(S/KW) $1,400 $700 $700
Electrolyser
utilisation 85% 85% na
Electricity ($/MWh) $75 $75 $75 $75 $82 $82

Off-peak Y Y Y Y N N
Midstream
Charging capability 120kwW 1MW 120kW
Delivered H2 ($/kg) $11.30 $6.55 $9.11
Diesel pump price
($/1) $1.40 $1.40
Downstream
Vehicle capital cost  $500,000 $250,000 $175,000 $250,000 $195,000 $250,000 $195,000 $175,000
Payload capacity (t) 30 27.5 30 30 28.2 30 28.2 30
Annual kms 75,000 75,000 75,000 75,000 75,000 75,000 75,000 75,000
Carbon price ($) $20.75 $100.00
(F$“)e' cost per km $1.01 $032  $0.57 $0.49  $0.16  $0.68  $0.19  $0.63
TCO $/km $3.00 $2.09 $1.90 $1.95 $1.64 $2.15 $1.93 $1.97
TCO $/tkm $0.100 $0.076 $0.060 $0.065 $0.060 $0.072 $0.070 $0.066

304 Assumptions and TCO can be foundoiighoutConcept Analysis Repogtor example, pp 11, 25, 330).
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Table A.2
Concept assumptions
High kms
Vehicle FCEV BEV ICEV FCEV BEV FCEV BEV ICEV
Year 2020 2020 2020 2040 2040 2040 2040 2040
Base, Base, Base, Small- Small- Large- Large- High kms
Scenario high kms  high kms highkms scale H2 scale H2 scale H2 scale H2
description uptake,  uptake,  uptake,  uptake,
high kms high kms high kms high kms
Upstream
Electrolyser capex
(B/kW) $1,400 $700 $700
Electrolyser 85% 85% n/a
utilisation
Electricity ($/MWh) $75 $75 $75 $75 $82 $82
Off-peak Y Y Y Y N N
Midstream
Charging capability 120kwW 1MW 120kW
Delivered H2 ($/kg) $11.30 $6.55 $9.11
Diesel pump price
($/1) $1.40 $1.40
Downstream
Vehicle capital cost  $500,000 $250,000 $175,000 $250,000 $195,000 $250,000 $195,000 $175,000
Payload capacity (t) 30 27.5 30 30 28.2 30 28.2 30
Annual kms 150,000 150,000 150,000 150,000 150,000 150,000 150,000 150,000
Carbon price ($) $20.75 $100.00
(F$‘;e' cost per km $1.01 $0.42  $057  $0.49  $0.19  $0.68  $0.26  $0.63
TCO $/km $2.25 $1.70 $1.50 $1.46 $1.22 $1.65 $1.51 $1.55
TCO $/tkm $0.075 $0.062 $0.050 $0.049 $0.044 $0.550 $0.055 $0.052
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Table A.3

H2 Taranaki Roadmap assumptions3®

Vehicle FCEV  BEV BEV ICEV FCEV  BEV BEV ICEV
Year 2020 2020 2020 2020 2030 2030 2030 2030
Scenario Base Standard  Fast Base Base Standard Fast Base
description charging charging charging charging
Upstream
(Eé;ak(i/t&t))lyser capex n/a n/a
tisaton na a
Electricity ($/MWh) n/a n/a n/a n/a n/a n/a

Off-peak n/a n/a n/a n/a n/a n/a
Midstream
Charging capability 50kw 150kW 50kw 150kW
Delivered H2 ($/kg) n/a n/a
(D$j/(?)sel pump price n/a n/a
Downstream
Vehicle capital cost n/a n/a n/a n/a n/a n/a n/a n/a
Payload capacity (t) 20 13 13 20 20 13 13 20
Annual kms 208,000 120,000 203,000 208,000 208,000 120,000 203,000 208,000
Carbon price ($) n/a n/a
'(:$l;§(|,6005t per km $1.66 n/a $0.43 n/a n/a n/a n/a n/a
TCO $/km $3.10 $2.80 $2.15 $1.90 $2.30 $2.87 $2.24 $2.30
TCO $/tkm $0.155 $0.215 $0.165  $0.095  $0.115 $0.221 $0.172 $0.115

305 Assumptions and TCO can be found at H2 Taranaki Roadmap, pp 43 & 44.

306 The fuel cost per kilometén 2020is derived from thél2 Taranaki Roadmap TCO figuiBecause RUC exemptions are
appliedto BEVs and FCEVsi2 0 2 0 ,
estimated théuel cost per km in 2020 fdfCEVs andL50kW-charging BEVs byextracting this value and multiplying by

t he

“Fuel +RUC”

component

of

t he

the payloadFCEV=.08320=$1.66)BEV 150kW=.033*13=$0.43)Note that the 50k¥¢harging BEVscenario is not
able to beparsed apads it is included as an additional stack piece td88kW bar
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Table A4
Vivid assumptions3%’

Vehicle FCEV FCEV ICEV
Year 2050 2050 2050
Scenario description | gw High Base
Upstream

Electrolyser capex $665 $1,294

($/kW)
Electrolyser utilisation 50% 50%
Electricity ($/MWh) $70 $90

Off-peak n/a n/a
Midstream
Delivered H2 ($/kg) $6.15 $7.40
(D$|/(T)sel pump price n/a
Downstream
Vehicle capital cost $164,814 $190,542 n/a
Payload capacity (t) 26 26 n/a
Annual kms 79,269 79,269 n/a
Carbon price ($) $200.00
Fuel cost per km ($) $0.17 $0.20 $0.39
TCO $/km $0.37 $0.44 $0.56
TCO $/tkm $0.014 $0.017 n/a

307 Assumptions and TCO can be found at ViReport p 42, 44, 52 and 53.
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Table A.5
Castalia assumptions3%

Vehicle FCEV BEV ICEV FCEV BEV ICEV
Year 2020 2020 2020 2040 2040 2040
Scenario description Base Base Base Base Base Base
Upstream
(Eé/ek(i/t\r/()alyser capex n/a n/a
Electrolyser utilisation 41.5% 41.5%
Electricity ($/MWh) $61 $61 $58 $58

Off-peak n/a n/a n/a n/a
Midstream
Charging capability n/a n/a
Delivered H2 ($/kg) n/a n/a
gﬁfel pump price n/a n/a
Downstream
Vehicle capital cost n/a n/a n/a n/a n/a n/a
Payload capacity (t) n/a n/a n/a n/a n/a n/a
Annual kms n/a n/a n/a n/a n/a n/a
Carbon price ($) n/a n/a
Fuel cost per km ($) n/a n/a n/a n/a n/a n/a
TCO $/km $1.50 $0.98 $0.78 $0.75 $0.65 $1.05
TCO $/tkm n/a n/a n/a n/a n/a n/a

308 Assumpions and TCO can be found on the Castalia model dashboard and at Castalia Presentation, p 7.
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Qualifications, assumptions and limiting conditions

This report is fothe exclusive use of the NERA Economic Consulting client named herein. This
report is not intended for general circulation or publication, ®dirtd be reproduced, quoted or
distributed for any purpose without the prior written permission of Oliver Wiyrfiaere are no third
party beneficiaries with respect to this report, and NERA Economic Consulting does not accept any
liability to any third farty.

Information furnished by others, upon which all or portions of this report are based, is believed to be
reliable but has not been independently verified, unless otherwise expressly indicated. Public
information and industry and statistical data aoenf sources we deem to be reliable; however, we

make no representation as to the accuracy or completenes$ afifemmation. The findings

contained in this report may contain predictions based on current data and historical trends. Any such
predictions ge subject to inherent risks and uncertainties. NERA Economic Consulting accepts no
responsibility for actual salts or future events.

The opinions expressed in this report are valid only for the purpose stated herein and as of the date of
this report. Naobligation is assumed to revise this report to reflect changes, events or conditions,
which occur subsequent tioe date hereof.

All decisions in connection with the implementation or use of advice or recommendations contained
in this report are the sotesponsibility of the client. This report does not represent investment advice
nor does it provide an opiniongarding the fairness of any transaction to any and all parties.



NERA

ECONOMIC CONSULTING

NERA Economic Consulting
Level 11, 15 Customs Street West
Auckland 1010, New Zealand

www.nera.com

© NERA Economic Consulting



