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The Low-Emissions Economy Report is well researched, thorough and does an admirable job of 
addressing the major as well as minor challenges and opportunities associated with transition to a 
low-emissions economy.  Our comments are focussed on the areas where GNS Science holds expert 
knowledge that can contribute to strengthening the report.   

The distinction between short-lived and long-lived greenhouse gases is well-made, and is of 
particular importance to New Zealand, where short-lived gases make up a much larger component 
of our total emissions than for other developed nations.  

While we support afforestation as a short-to-medium term mitigation strategy, there are some 
questions remaining around the carbon accounting practices and how those match actual 
atmospheric CO2 loading.  The key issue is that while above-ground carbon (i.e. trees) is well-
constrained, below-ground carbon (e.g. carbon in soils) is much less well-known, and the response of 
below-ground carbon stocks to land use and climate changes is not well understood.  There are twin 
challenges in improving our scientific understanding of below-ground carbon, and in how this is 
dealt with in carbon accounting practices which must be accountable to both national and 
international bodies. 

We provide detailed comments regarding the application of Carbon Capture and Storage (CCS) in 
New Zealand, based on work completed over the past decade at GNS Science, in conjunction with 
the Australian CO2CRC and the NZ CCS Steering Group. 

Specific comments: 

Overview section:  We suggest that the short-lived (methane) vs long-lived gas distinction is made 
early in the section “New Zealand’s emission sources and opportunities”. This is mentioned much 
later in the section “Stable and enduring laws and institutions”, but should be emphasized earlier in 
the overview. 

Page 3: The list of bullet points should include further scenario modelling and wedges to illustrate 
pathways for reducing emissions. 

Figure 0.6 does not appear to include gaseous waste (e.g., emissions from gas stripping, or gas 
flaring). 

P 17, The Climate Change Problem includes raising public awareness and social aspects such as 
education and consultation – communication and outreach will be essential to gaining voter buy-in. 
Suggest “Communication” is added to Figures 1.1 and 16.1. GNS Science has run highly successful 
Earth science short courses in several communities and a similar model could be applied to climate 
change (https://www.gns.cri.nz/Home/News-and-Events/Media-Releases/School-camp-in-Kaitaia; 
https://gns.cri.nz/Home/News-and-Events/Media-Releases/geocamp-masterton). 

Page 17, The climate change problem: It is important to avoid assuming there will be no societal 
effects from climate change, particularly that growth in population and resource needs will be stable 
– a further bullet point on societal change is desirable. Under section 2.1, we recommend migration 
be added to the list of global impacts. 

Page 24, Reducing CO2 emissions. The Commission was not able to use the 2017 global budget 
revisions for the draft report, but should acknowledge them in the final report. This is not to say we 
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should relax our approach to reducing emissions, but the report should state it is aware of the 
revisions. See https://www.nature.com/articles/s41561-018-0143-3.pdf 

Table 2.1 No mention is made in this table of: 

a) natural gas for commercial and home heating and cooking, which, while modest in total 
emissions, is still a contributor to energy use; 

b) coal and natural gas for electricity generation; 
c) CO2 from gas stripping. 

Box 2.4  It is important to note that the forestry and land-use emissions (or sink) are determined 
using a particular methodology which constrains above-ground biomass (i.e. trees) very well, but is 
less certain regarding soil carbon.  A recent independent study (Steinkamp et al., 2017) suggests that 
New Zealand’s land carbon sink may be much larger than currently predicted.  Further innovation is 
needed to better understand the implications of this result, but it already provides an example of 
where strong understanding is needed to ensure transparency and credibility in carbon accounting.  
Secondly, the IPCC Task Force on National Greenhouse Gas Inventories, the body that provides 
guidelines for emissions reporting, will release revised reporting guidelines in 2019.  These revised 
guidelines (which include input from New Zealand and New Zealand scientists) may alter the 
requirements and possibilities for New Zealand’s reporting, including the potential to include 
atmospheric observations and modelling (such as used in the Steinkamp et al. study) in evaluating 
emissions. 

Page 54, Table 3.2. Why use a 1% growth in population?  Climate change will influence migration 
patterns, which could well lead to higher population growth in New Zealand.  Suggest including a 
higher population growth in additional scenario analysis, e.g. 2% to match the higher population 
growth rate New Zealand has experienced in some recent years.   

Page 58, Figure 3.5.  An expanded caption and the addition of horizontal gridlines would help the 
reader considerably. Similarly, for figures 3.11 and 3.12. The Commission has produced the best 
“wedge-type” diagrams for NZ so far – great to see! 

Page 60, Electricity. There appears to be no consideration of compressed air underground storage to 
store spare renewable energy (e.g., from excess but sporadic wind generation). This is so far a 
relatively rare type of facility, but could gain prominence with rising electricity prices. We currently 
store a compressed gas (methane rather than air) in the “disused” Ahuroa Field. Compressed air 
facilities can power peaking generators within minutes. Storage of renewable energy by compressed 
air storage is also relevant to discussion on page 104, and to Chapter 5 (Innovation). 

Page 73, Further modelling.  We suggest a fourth model, of Disruptive Carbonisation, where a 
sudden increase in energy demand is met by burning fossil fuels, or a percentage of forests is 
destroyed by natural disasters? 

Page 93, Box F4.9 This box is vague and open to multiple interpretations.  Suggest revising. 

Page 114.  In response to Box R5.1, GNS Science recommends that the term “subsidies” explicitly 
excludes present or future Government funding of petroleum geoscience research. 
Recommendation 5.1 appears to draw heavily on the Loomis (2017) report, which distorts the 
intention of Government-funded petroleum geoscience research by characterising it as a subsidy for 
the oil industry. GNS Science strongly disagrees with this characterisation. Current Government-
funded contestable research programmes are being undertaken both by GNS Science and University 
of Waikato. These programmes are being funded explicitly to derive outcome benefits for New 
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Zealand in terms of ensuring security of energy supplies, maximising economic returns from our 
natural endowment of oil and gas, and enabling improved Government decision making around the 
development of these resources. The research is also developing new scientific knowledge about the 
rocks and fluids within the continent of Zealandia, knowledge that has applications in other areas, 
such as natural hazards and past climate change.  It is widely acknowledged that the transition to a 
low carbon economy will take several decades and that New Zealand will continue to rely heavily on 
oil and gas, albeit at lower levels, over the transition period. It is vital for a smooth transition that 
Government funding of petroleum geoscience is not dragged into this issue of subsidies because this 
Government funding is not in any way about subsidising inefficient production and use of fossil fuels, 
as happens overseas (OECD 2015). Rather, it is about improving the scientific understanding of the 
origins, properties and geological habitats of the natural petroleum systems within our continental 
area so that we, as a nation, are better informed as to what is “beneath our feet”. 

Page 122. Research organizations that undertake low-emissions R&D.  GNS Science is not included 
on this list, despite undertaking research in geothermal energy sources, carbon capture and 
sequestration (CCS) and in evaluating greenhouse gas emissions in the atmosphere. 

Page 131, boxes R5.2-R5.5 – Agreed, particularly as innovation in New Zealand could lead to global 
emissions reductions if research findings are exported. However, the transition needs to be 
managed carefully so we don’t need to return to wholesale burning of coal, for example, to meet 
increasing energy demand. 

Page 199, Chapter 8. This discussion of the different requirements for short-lived and long-lived 
gases is particularly important for New Zealand and deserves the long section included in the report.  
However, the writing is obtuse in places, and we suggest refinement to improve clarity. 

Page 202. “While the warming related to short-lived gases can alter relatively quickly (by changing 
the rate of inflow versus outflow), the warming related to long-lived gases is permanent. It is not 
possible to change the warming caused by long-lived gases, especially CO2, on any meaningful 
timescale.“ 

This statement is slightly misleading because in the case where CO2 is removed from the atmosphere 
(“negative emissions”, e.g. tree planting or technological CO2 removal), it is possible to change the 
warming caused by CO2.  

Page 208. “Almost half of New Zealand’s GHG emissions are made up of CO2 and most are from 
fossil-fuel combustion. CO2 emissions rose by 41% between 1990 and 2015, and its proportion as a 
share of New Zealand’s gross emissions has also risen, largely due to less forestry offsetting (MfE, 
2017g).”   

There appears to be a typo here – should be New Zealand’s net emissions, not gross emissions. 

Page 216 “Finally, the separate domestic targets are distinguished by GHG, not by sector or 
economic activity. The scientific justification for an approach based on sectors is not convincing, and 
risks being seen as a device to protect the agricultural industry and make New Zealand “look 
protectionist” (Professor Robert McLachlan, sub. 9, p. 18).” 

Absolutely!  The justification for separating by GHG is the Earth System response to the various 
gases.  Sectoral approaches become useful when defining domestic policy actions, but are not 
appropriate when establishing targets. 



Page 216 “Long-lived gases are, fortunately, and on the whole, likely to be cheaper to abate in New 
Zealand than short-lived gases (with some notable exceptions, such as CH4 from waste which should 
be reasonably cost-effective to mitigate, Chapter 14). For example, the modelling shown in Chapter 
3 clearly shows that reducing emissions from transport by way of electric vehicles would 
substantially reduce prices in the NZ ETS.” 

Indeed, the most readily implemented mitigation for New Zealand will quite likely be of (long-lived) 
CO2 emissions.  Surely this point should be more prominent in the report, rather than being buried 
after pages of detail about the difference between short and long-lived gases?  At the same time, we 
appreciate the well-made point that too much emphasis may appear to be simply self-interest on 
the part of New Zealand. 

Pg 218.  We agree with the commission’s recommendation to pursue option 1. 

Pg 244.  Box 10.3.  Recent research using atmospheric observations of CO2 concentrations over New 
Zealand has shown that New Zealand’s land carbon sink may be substantially larger than is 
estimated by NZ’s GHG inventory (Steinkamp et al., 2017).  The most likely explanation is below-
ground sequestration of carbon that is not currently accounted for.  NIWA, GNS Science and 
Landcare are working together to improve our understanding of this result, and to provide improved 
below-ground carbon estimates, with a view to these being included in NZ’s GHG inventory in future.  
This work also extends to understand both above-ground and below-ground carbon fluxes for our 
urban areas, which are almost entirely unknown and therefore excluded from NZ’s GHG inventory 
(except in the case of land use changes).  Changes to the IPCC Taskforce guidelines for GHG reporting 
in 2019 may make it possible to obtain credit for changes in below-ground carbon stocks, 
particularly in combination with atmospheric observations and modelling (IG3IS, 
http://www.wmo.int/pages/prog/arep/gaw/ghg/IG3IS-info.html). 

Pg 251.  Section 10.5  Sequestering more carbon in forests 

In this section, international GHG emissions reporting and NZ’s ETS rules are both mentioned, and it 
is sometimes unclear which is being referred to when evaluating what counts towards carbon 
sequestration.  Where following international GHG reporting guidelines, NZ has little control 
(although the 2019 revisions to these guidelines may represent an opportunity).  On the other hand, 
NZ has full control over the ETS guidelines, and can and should revise them if needed to match the 
rules to the Earth system reality.   This is of particular interest in the section “Other types of forests 
and species not covered by emissions accounting”.  Currently, New Zealand does not include native 
forests in our reporting, since they are considered “unmanaged”.  Some other nations have taken a 
view that most or all forests are managed in some form, and therefore can be included in reporting.  
In the example of pest control in NZ’s native forests, it could be argued that this represents 
management of the forest and increased carbon sequestration would be a result of that 
management, which could therefore be eligible to be included in our GHG reporting. 

Pg 282, Box 11.1  Suggest adding a clarification of what is meant by “emissions” and “low-emissions” 
in the context of transport.  This document is focussed on GHG emissions, but “emissions” and “low-
emissions” are also commonly used to refer to tailpipe emissions of pollutant gases (e.g. CO, NOx, 
sulphur) and particulates that are often strongly mitigated by catalytic convertors (which do not 
reduce CO2 emissions at all). 

Pg 295.  It would be helpful to reference New Zealand studies in determining the life-time cost of 
EVs, rather than relying on US data, where electricity and petrol prices as well as new car prices are 
quite different than in New Zealand.  Anecdotal evidence suggests that imported used EVs may 



already have a lower life-time cost than equivalent petrol vehicles in New Zealand (e.g. 
Flipthefleet.org). 

Carbon Capture and Storage (CCS) 

P 360, Section 13.7 states “modelling by the International Energy Agency (2015) predicts that CCS 
will deliver 13% of the emissions reductions needed…”.  This is not quite correct – the reasoning is 
that after other means of emissions reduction (e.g., increased efficiency, fuel switching and 
renewables) have been implemented fully, there is a 13% shortfall in reductions that must be 
accounted for by other means such as CCS. CCS is currently the only mechanism for viable large-scale 
reductions for this 13%. It will be an enormous challenge to implement CCS at that scale within a few 
decades, but any contribution from CCS towards emissions reduction should be supported. 

Page 361, second sentence, states “New Zealand currently has no CCS projects operating or under 
development”.  Whilst this is correct, we do currently have a CO2 capture plant operating (stripping 
CO2 from natural gas at Kapuni, with deliberate release of Ktpa of CO2 to the atmosphere), and CO2-
rich gas has been re-injected in the past to maintain pressure in the Kapuni Field. New Zealand has 
successfully injected natural gas underground for storage since 2011 at the Ahuroa Field in Taranaki.  
While elements akin to CCS have been operating, we agree there has been no deliberate storage of 
supercritical CO2. 

GNS Science assessed the capacity of carbon dioxide storage around New Zealand (Field et al., 2009; 
Funnell et al., 2009, and references there-in) and based on regional assessments concluded New 
Zealand has more than adequate underground storage space. Any ranking of locations would 
however, require detailed site-specific studies. A lack of funding has precluded much work on this 
next step, but it is recognised that the most likely place to start CCS is in the apron of a 
depleted/empty onshore oil or gas field in Taranaki. 

An initial gap analysis by GNS Science has indicated three primary areas where more work is needed 
on CCS: 

• Technical: Research to provide assurance for the public, regulators and industry in the areas 
of potential for leakage and induced seismicity (both likely to be very low if considered 
during site selection), and the ranking and more detailed assessment of a short-list of 
specific sites; 

• Consultation: Evaluating societal concerns; 
• Regulatory: Regulations specific to CCS that meld into existing law and regulations (Barton’s 

proposed “CCS Act”; such an Act should consider and address geological factors arising from 
our plate boundary setting, community opinions, iwi views on CCS, and input from industry 
and regulators). 

Page 361, Table 13.4 provides estimates of capture and storage costs per tonne for two case studies. 
These estimates were derived seven years ago and do not include the costs of CO2-stripping from 
natural gas, or of CCS associated with our cement and steel industries. There is an urgent need to 
revisit the figures used and to extend the study to other industries so that planning of options can be 
better informed when considering growth in population, industry and infrastructure. 

Page 361, last paragraph: Marsden Point might not be a suitable location for CCS as there is high 
uncertainty regarding viable underground storage, with perhaps only offshore Northland or the 
Hokianga and Kaipara harbour areas having potential (Edbrooke & Doody, 2009). Although CO2 
captured at Marsden Point could be compressed to a supercritical state and either piped or shipped 



by tanker to a storage site such as might be developed readily in Taranaki, the cost would cause such 
an option to be unattractive.  CO2 capture from other plants in Northland (e.g., the Ngawha 
geothermal field) would be expensive but could feed into a regional collection/storage hub. Local 
carbonation, or industrial use of CO2 might also be worth evaluating. 

Page 362, first paragraph, discussed economies of scale, which is important, but does not mention 
the benefits of regional collection hubs that can feed into single, large storage sites. A single storage 
site in Taranaki could, for example, service most North Island point source capture facilities, 
including future bioenergy plant associated with expanded forestry-related industries. 

Negative emissions are not discussed in the draft report, yet with New Zealand planning a billion-
tree forestry industry there should be scope for synergetic biofuel industries which, combined with 
CCS, could produce significant negative emissions that could help offset other agricultural 
greenhouse gas emissions. 

P362, Existing legislation, and the need for a new Act. GNS Science agrees with the Commission and 
the Barton et al report, that a new act is required. We would like the Commission to mention the 
necessary urgency, since companies and regulators will require the Act to be in an advanced state 
before making final investment decisions (based on costs of establishment and compliance, for 
example). A lead-in time of 10 years or more would not be desirable. Related to this, there are areas 
of research that should be undertaken before or while the Act is being formulated, such as the need 
for any additional site assessments and monitoring arising from our plate boundary geological 
setting (particularly faults), and the discussion and possible balancing of issues such as hapāru and 
kaitiakitanga. Consultation will be vital to community acceptance of CCS (Coyle 2014, 2016). The 
second bullet point, first-come, first-served, is relevant to the need to characterise and prioritise 
uses of our underground pore space and resources (Field et al., 2013, 2018). 
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