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Introduction

The Parliamentary Commissioner for the Environment (PCE) has an 
investigation underway on the claims that economic production and 
consumption in New Zealand make on the natural world. 

The investigation centres on two questions:

•	 How much resource extraction and waste generation results 
(domestically or globally) from economic production and consumption 
in New Zealand?

•	 To what extent might that resource and waste footprint increase over the 
coming decades in response to demographic, economic, environmental 
and other drivers? 

Ultimately, answers to these questions should help to inform thinking 
about a larger one: Can continued population and economic growth 
be sustained on what we know is a finite planet? That is a much more 
challenging question, and one that immediately raises others. For example, 
are dwindling natural resources or a lack of absorptive capacity (for the 
associated wastes and pollutants) more likely to become a bottleneck? 



These questions would be difficult enough to answer even with perfect information on 
resource extraction and waste generation, and how natural systems respond to the resulting 
changes in resource stocks and pollutant concentrations. The reality is that this information is 
often non-existent. 

In early 2024, PCE published a literature review centred on resource use and waste generation 
in New Zealand.1 The objective was to survey existing data and research in this area and 
establish what is understood and, just as importantly, what is not. Three key knowledge gaps 
emerged from that work. 

Domestic extraction of biotic natural resources: Very little is known about the biotic natural 
resources that underpin primary production in New Zealand. This is a remarkable conclusion 
given the biological nature of our economy. The quantity of water that is abstracted each year for 
irrigation is unknown. So is the amount of soil that is lost (or degraded) due to different land use 
practices. This is in stark contrast to our knowledge of abiotic natural resources (e.g. fossil fuels, 
metal ores and non-metallic minerals), where good data on domestic extraction exist.2 

Wastes, residues and pollutants: With several important exceptions (greenhouse gases and 
some categories of municipal solid waste), little is known about the quantity of wastes, residues 
and pollutants that are generated each year. Even less is known about where they ultimately end 
up – landfill, recycling facilities, other countries or the natural environment. Less again is known 
about the impacts they have when they get there.

Consumption-based resource use: Detailed information on the natural resources embedded 
in imports and exports, and therefore on the resource footprint of New Zealand’s consumption, 
is unavailable.

1	    PCE, 2024.
2	    �In large part because mining firms are required to pay royalties on the tonnages produced.
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The following figure summarises each of these knowledge gaps, as well as areas that are 
characterised by the relative availability of information and the associated administering agency. 
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• Biomass production – MPI
• Physical trade – Stats NZ
• GHG emissions – MfE

• Mineral and metal extraction – NZP&M
• Fossil fuel production – MBIE
• Physical trade – Stats NZ
• Greenhouse gas emissions – MfE

• Land, soil and water use
• Other waste/residue generation

• Other waste/residue generation

• Economy-wide mineral, metal and 
fossil-fuel consumption – EEMRIO 
databases

• Exported greenhouse gas 
emissions – domestic life cycle 
analysis and hybrid analysis

• Economy-wide mineral, metal and 
fossil-fuel consumption – EEMRIO 
databases

• Sector/product specific biomass 
consumption

• Imported greenhouse gas emissions 
and other wastes/residues

• Sector/product specific mineral, metal 
and fossil fuel consumption

• Imported greenhouse gas emissions 
and other wastes/residues

Note: 
MPI = Ministry for Primary Industries – Manatū Ahu Matua
MfE = Ministry for the Environment – Manatū mō te Taiao
NZP&M = New Zealand Petroleum and Minerals
MBIE = Ministry of Business, Innovation and Employment – Hīkina Whakatutuki
EEMRIO = environmentally extended multi-regional input–output

Good data/understanding Partial data/understanding

Figure 1.1: Key data and knowledge gaps relating to resource use and waste generation 
in New Zealand.
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Following the publication of the literature review, PCE 
commissioned five pieces of external research to try 
and shed light on some of these issues.3 

This research note summarises the headline findings 
and insights from that work. We have also taken the 
opportunity to update (and back-cast) the estimate 
of production-based resource use presented in the 
literature review. This information has been used to 
inform a preliminary assessment of the circularity of 
the New Zealand economy. 

Since the literature review, most progress has been 
made in the area of consumption-based resource 
use. This report includes the first detailed estimate of 
New Zealand’s resource footprint, broken down across 
109 industries, 55 natural resources and five types of 
final demand. It provides the most complete picture 
to date of the quantity of natural resources required to 
support a ‘typical’ New Zealand lifestyle – regardless of 
where in the world those resources originated. 

Less progress was made on the first and second 
gaps identified above: (i) domestic extraction of 
biotic natural resources and (ii) wastes, residues and 
pollutants. In some cases (e.g. for soil and waste), 
that reflects fundamental limitations of the data being 
collected by New Zealand’s environmental monitoring 
system. In others (e.g. water), it reflects the difficulty 
of compiling a national-level picture using data 
collected by multiple regional councils for compliance, 
monitoring and enforcement purposes. These issues 
are discussed further in chapter five. 

3	   �Connolly and Fitzgerald, 2024; Drewry et al., 2025; Palairet el al., 2024; 
Sense Partners, 2024; Stoner et al., 2024.
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New Zealand’s current natural resource use profile

•	 In 2019, 130–135 million tonnes of natural resources were extracted in New Zealand 
(water excluded). Biomass and non-metallic minerals accounted for almost 90% of that, 
with fossil fuels and metallic ores making up the remainder.  

•	 Only a third of the natural resources extracted in New Zealand in 2019 were 
ultimately consumed here. The remaining two thirds were exported to other countries, 
either directly as raw commodities (e.g. coal or logs) or ‘embedded’ in a wide variety of 
relatively processed products (e.g. meat or steel). 

•	 Grazed pasture (in the form of dairy products and meat, for example) and wood (mostly 
in the form of logs) account for the majority of New Zealand’s resource exports. These 
products are a major source of export earnings for New Zealand. At the same time, their 
production is almost entirely dependent on the continued availability of healthy soil. A 
review commissioned for this research note highlights several potential vulnerabilities in 
this respect. One is the accumulation of various contaminants in New Zealand soils due to 
fertiliser, fungicide spray and pharmaceutical use. Another is the ongoing erosion and loss 
of soil associated with certain land uses and management practices. 

•	 New Zealand also imports significant quantities of natural resources. Around 60% of the 
resources required to satisfy domestic final demand in 2019 were extracted abroad. 
The composition of those imports is different to our exports, however. New Zealand relies 
heavily on other countries for crude oil, a wide range of metal ores, phosphate rock, 
and some types of biomass (sugar cane and oil seeds, for example). The environmental 
impacts associated with the upstream parts of these supply chains can be significant but, 
by virtue of their remoteness, tend to remain out of sight for New Zealanders. 

•	 In total, 107 million tonnes of natural resources were mobilised in the production of 
the goods and services consumed by New Zealanders in 2019. Put differently, around  
20 tonnes of natural resources were required to support the lifestyle of a ‘typical’ 
New Zealander. The largest contributions to that footprint were sand, gravel and crushed 
rock (26%), grazed biomass (12%) and crude oil (8%). While the research undertaken for this 
report has not sought to quantify it, the lifecycle environmental impacts associated with a 
tonne of each of those resources (and with different resources more generally) varies widely. 

Headline findings from this report
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•	 New Zealand’s resource requirements continue to be met largely by the extraction of virgin 
resources. A preliminary analysis presented in this report suggests that recycled materials 
only account for perhaps 2% of all resource inputs. On the one hand, that highlights 
the opportunity associated with moving towards a more circular economy. On the other, it 
reflects the fundamental difficulty of capturing and repurposing many volumetrically large 
waste streams that New Zealand produces (consider greenhouse gas emissions, sewage 
sludges, mine tailings and nutrient leachates, for example). 

•	 Plastics offer a useful example. At present, around 1.5 million tonnes of plastics make 
their way into the New Zealand economy each year. Most of that – probably around two 
thirds – becomes part of an ‘in-use stock’ (think vehicles; textiles and clothes; and electronics 
and appliances, for example). At the same time, around 450,000 tonnes of plastic emerge 
as waste each year. While data is limited, only around 15% of that is thought to be recycled 
(either domestically or abroad), with the remainder making its way to landfill or at large into 
the natural environment. 

•	 Between the early 1990s and 2019, domestic resource extraction in New Zealand increased 
by around 25%. During the same period, New Zealand’s resource consumption (i.e. the 
resources required to meet final demand for goods and services) increased by 85–90%. 
Taken together, this suggests that New Zealand has become increasingly reliant on the 
rest of the world for our resource needs. In that context, it is notable that access to certain 
domestic resources (e.g. phosphate rock and hardwood timber) has been restricted on 
environmental grounds, only for those same resources to be imported from abroad.

•	 When resource consumption (rather than production) is considered, there is little 
evidence for any significant decoupling between resource use and economic growth. The 
New Zealand economy doubled in size (in real terms) between 1994 and 2019. As noted 
previously, consumption-based resource use increased by 85–90% during the same 
period. If nothing else, that highlights the importance of accounting for the resources (and 
pollution) embedded in trade when making claims about future sustainability.

Looking back: changes in New Zealand’s 
resource use through time

10
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What might the future bring?
How New Zealand’s resource use and waste generation profiles might evolve in future is the subject  
of ongoing work by PCE. The final chapter of this research note provides more detail on that. 

•	 Population and economic growth will almost certainly be key drivers of future resource 
demand, but a wide range of structural and sector-specific changes will also play a role. 
The continued adoption of core renewable technologies (e.g. solar photovoltaic (PV), wind 
generation, battery storage, and electric and plug-in hybrid vehicles) is one such example. 
Modelling undertaken for this report indicates that an energy transition akin to that described 
by He Pou a Rangi Climate Change Commission’s demonstration pathway would require 
7.5 million tonnes of finished metal by 2050.4 The quantity of metal ore that will need to be 
mobilised to furnish that metal will be many times larger again.

•	 Growing natural resource use is not necessarily a bad thing in and of itself. Natural resources 
provide the material basis for the many goods and services that enable people to live 
decent lives. What is problematic, however, is the waste, pollution and environmental 
destruction that almost inevitably results from resource extraction and use. Over the past 
few decades, green growth – the idea that the benefits of resource use can be decoupled 
from environmental damage – has been widely viewed as the solution to that. Three main 
strategies have been promoted in practice: 

	– using resources (and products) more efficiently
	– substituting polluting resources with less polluting ones
	– capturing and storing harmful wastes and pollutants before they enter the environment.

•	 Whether these strategies are sufficient to head off the various environmental challenges 
facing humanity remains an open question. The evidence presented in this report is mixed. 
While some resource (and impact) decoupling has taken place in New Zealand over the 
last 30 years, it has been very much of the relative variety. Furthermore, once the resources 
embedded in international value chains are accounted for, the magnitude of the observed 
decoupling decreases. However, whether this lack of progress reflects fundamental 
limitations in each of the strategies mentioned above or a simple lack of implementation 
remains unclear.

4	 For technical information regarding the Climate Change Commission’s demonstration pathway see Climate Change Commission (2024). 
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Choices about how to measure natural resource 
use can result in very different conclusions about 
resource productivity and resource decoupling 
(see Box 2.1). 

Two main accounting frameworks – termed 
production-based and consumption-based 
accounting – are available at the national level. 
This chapter provides a brief summary of both. 
Interested readers should refer to the United 
Nations manual on economy-wide material flow 
accounting for more detail.5 

Production-based or ‘territorial’ accounting 
focuses on estimating the total weight of natural 
resources that enter the domestic economic 
system. Direct material input (DMI) and domestic 
material consumption (DMC) are the main metrics 
used to describe production-based resource use, 
and are calculated as follows:

(1) DMI = DE + IMP

(2) DMC = DE + IMP – EXP

Where domestic extraction (DE) is the weight 
of natural resources extracted in the country 
of interest, direct physical imports (IMP) is the 
weight of natural resources, semi-finished 
and finished products imported from abroad, 
and direct physical exports (EXP) is the weight 
of natural resources and semi-finished and 
finished products exported to other countries.6 

5	 UNEP, 2021b.
6	 UNEP, 2021b, p.13. The manual is explicit that direct physical imports and exports extend to “goods at all stages of processing from basic 

commodities to highly processed products”. That said, establishing the weight of every single import or export consignment is impractical. 
Furthermore, for complex products like vehicles or electronics, it can be unclear which resource category(s) the associated weight is most 
appropriately assigned to. As such, in practice, assessments of direct physical trade flows tend to be restricted to bulk commodities (e.g. 
metal concentrates and products, refined fuels, and timber) and important finished products (e.g. fertilisers and cement).

7	 UNEP, 2021b, p.5.

A widely recognised problem with production-
based estimates of resource use is that they do 
not account for the upstream natural resources 
embodied in manufactured imports or exports. 
This means that countries (like New Zealand) that 
have small domestic manufacturing sectors, and 
therefore import a large proportion of finished 
goods, will appear to perform well in terms of 
economy-wide resource efficiency. It also means 
that countries (again like New Zealand) that have 
seen manufacturing activity shift abroad over time 
will appear to have become more resource efficient.

The second approach to measuring natural 
resource use at the national level – termed 
consumption-based accounting – offers a solution 
to both those issues. It focuses on estimating 
the total weight of natural resources mobilised 
by the final demand of a country (both in terms 
of consumption and investment expenditure). In 
theory, at least, it captures natural resource use 
across the millions of individual supply chains that 
feed into any particular economy. 

In practice, the raw material consumption 
(RMC) or material footprint (MF) metrics are 
used to describe consumption-based resource 
use. Both are calculated as follows:7 

(3) RMC (or MF) = DE + rme(IMP) – rme(EXP)

Where the raw material equivalent (rme) of 
imports and exports represents the natural 
resources embodied within all traded goods. 
The raw material equivalent of imported 
cement, for example, would include all of 
the non-metallic minerals extracted for 
feedstock, and all of the fossil fuels used in 
the extraction and manufacturing process.
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Box 2.1: Different measures of resource use lead to different conclusions about 
decoupling

There is widespread interest in whether economic activity is decoupling from natural 
resource use and the generation of polluting waste products. For proponents of green 
growth, evidence of decoupling is often used to make the case that continued economic 
growth does not have to be at the expense of the life-supporting capacity of the planet. In 
contrast, those who argue for degrowth often point to slow (or non-existent) decoupling as  
a reason why continued economic growth ought to be curtailed. 

There is now a considerable body of empirical work on this subject. 

At the global level, the evidence seems reasonably clear. Over the last half-century, natural 
resource extraction and use has increased persistently, albeit at a slower rate than global 
economic output.8,9 This relative decoupling is more prominent for some resources than 
others. For example, there has been significant relative decoupling between fossil fuel 
extraction and global economic output, but relatively little when it comes to non-metallic 
minerals.10

But that global picture obscures a more nuanced picture at the national level. For many 
years, the dominant narrative was that high-income countries were successfully decoupling 
economic output from resource inputs, perhaps even in absolute terms.11 The thinking went 
that if all countries could follow that development pathway, then continued growth on a 
finite planet was possible.

Unfortunately, this conclusion was drawn largely on the basis of production-based 
measures of resource use (e.g. domestic material consumption). When recently developed 
consumption-based measures are considered, such as raw material consumption or 
material footprint, there is much less evidence for decoupling (of even the relative variety) in 
high-income countries.12 As discussed further below in chapter four, that certainly appears 
to be the case for New Zealand.

The likely explanation is that the resource intensity of economic production in high-income 
countries has decreased as extractive and manufacturing activities have shifted abroad, but 
that has been at least partially offset by increases in the quantity of resources embedded in 
imported manufactures. 

8	  OECD, 2015, Figure 4.3; UNEP, 2024.
9	  �There is evidence that decoupling between global resource extraction and economic output stalled – or even reversed – between around 

2000 and 2015. According to Schandl et al. (2018) this was driven by rapid industrialisation and infrastructure development in parts of the 
developing world – mostly Asia. More recent datasets (e.g. UNEP, 2024) suggest a continuation of global decoupling from around 2015.

10	  OECD, 2015, Figure 4.3; UNEP, 2024.
11	  OECD, 2015, Figure 5.12.
12	  Wiedmann et al., 2015; Pothen and Welsch, 2019.
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Historically, most research on resource use at 
the national level has focused on production-
based accounting. That reflects the fact that the 
informational requirements of this approach 
are much less onerous than for consumption-
based accounting. Most countries have quite 
good information about the quantity of natural 
resources that are extracted domestically each 
year. Furthermore, because trade data are a 
key component of the national accounts, most 
countries also have reasonable information 
on the quantity of (unprocessed or partially 
processed) natural resources and products that 
cross national borders. 

Consumption-based accounting, on the other 
hand, is much more demanding. The need to 
account for the natural resources ‘embedded’ 
in international supply chains means that it 
is not something that can be systematically 
measured. Rather, estimating consumption-
based resource use at the level of a national 
economy requires modelling and estimation, 
and the assembly of large cross-country 
datasets on resource extraction to inform it.
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The literature review published by PCE last 
year included an analysis of New Zealand’s 
production-based resource use in 2019. 

To get a sense of how the resource intensity of 
the New Zealand economy has changed through 
time, PCE staff have repeated the analysis for 
1990, 2000 and 2010. In the same way as for 
2019, this meant compiling historical data on 
resource extraction and trade from a range 
of sources.13 It also meant updating the 2019 
estimate to take account of data revisions 
and an updated understanding of resource 
accounting conventions.14

Figure 3.1 summarises the results. In 2019, 
150 million tonnes of natural resources (direct 
material input) were fed into the New Zealand 
economy – 45% more than in 1990.15 The 
New Zealand economy more than doubled 
in size in real terms during the same period, 
suggesting that domestic production has 
become more resource efficient over time.16 

This sort of relative decoupling is widely observed 
internationally. Data from the Global Material 
Flows Database (GMFD) indicate that it occurred in 
almost all Organisation for Economic Co-operation 
and Development (OECD) member countries over 
the last three decades.17 That probably reflects 
some combination of technological improvements 

13	 Data on domestic extraction of fossil fuels, metallic ores and non-metallic minerals are from New Zealand Petroleum and Minerals (2024). 
Data on domestic extraction of biomass are from MPI, 2025a, 2025b, 2025c, Stats NZ (no date-a) and the FAO, 2025. Data on trade in 
resources are from Stats NZ (2024a).

14	 The most significant change relates to wood. Forestry production is typically reported in volumetric terms (cubic metres) – a density factor 
is required to convert that into weight. The resource use estimate presented in PCE, 2024, used a density factor representative of ‘green’ 
or live Pinus radiata (1 tonne per cubic metre). That is inconsistent with international resource accounting conventions (see Table 2.7 in 
UNEP, 2021b, for example), which use density factors consistent with lower moisture contents. A factor of 0.52 was used for the estimate 
presented in this report.

15	 These estimates are considerably lower than those reported in the Global Material Flows Database (GMFD) and used by Goddin and Moraga 
(2024). That is largely due to differing estimates of grazed biomass production. The estimate of grazed biomass presented in this report is 
based on New Zealand-specific assumptions of dry matter intake developed for the purposes of calculating biogenic methane emissions 
(for the New Zealand Greenhouse Gas Inventory). We prefer these assumptions to the North America/Oceania-specific assumptions used 
in the Global Material Flows Database (see CSIRO, 2024, Table 5).

16	 Stats NZ, no date-b.
17	 UNEP, 2024. Based on the direct material input (DMI) indicator, the only exceptions are Sweden, Australia, Turkey, Luxembourg and Chile. 

Based on the domestic material consumption (DMC) indicator, the only exceptions are Turkey, Chile and Luxembourg.

(i.e. enabling less wastage in industrial processes) 
and structural change (e.g. economy-wide shifts 
from goods to services). 

It also reflects the limitations of production-based 
measures of resource use. As discussed in chapter 
two, indicators such as domestic extraction, 
direct material input and domestic material 
consumption focus on the natural resources 
entering an economy – mostly in raw or relatively 
unprocessed forms. They do not account for the 
resources ‘embedded’ in more complex products 
and therefore do not reflect the total quantity of 
resources required to meet overall demand in 
any given year. This probably means that some 
of the decoupling observed in New Zealand (and 
other advanced economies) has been achieved 
by importing resource-intensive products from 
abroad. As discussed in chapter four (key finding 
#4), this phenomenon appears to have played a 
role in the New Zealand context.

An updated estimate of production-based 
resource use
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These high-level observations on resource 
decoupling mask important differences at the  
level of individual natural resources. Inputs 
of wood to the New Zealand economy tripled 
between 1990 and 2019, even accounting for 
the large increase in log exports that took place 
during that period. Inputs of crude oil (and its 
derivative products) and non-metallic minerals 
more than doubled.18 In each of these cases, 
there is little evidence to suggest that any 
decoupling has taken place – even of the  
relative variety.

18	 Ferrous ore inputs appear to have also increased significantly, particularly between 2010 and 2019. However, that probably partly reflects 
inconsistencies in the underlying data. New Zealand Petroleum and Minerals has not published data on domestic iron sand extraction 
since 2016. As such, our estimate for 2019 relies on information published by New Zealand Steel (see New Zealand Steel, 2024). We are 
uncertain how comparable the metric used by New Zealand Steel is to that previously published by New Zealand Petroleum and Minerals.

At the other end of the spectrum, inputs of fish 
and other wild catch shrank slightly. It is unclear 
in what proportion this reflects changes in quota 
management system as opposed to a dwindling of 
wild fish stocks – the two are closely interrelated.

Source: PCE data compilation

Figure 3.1: Production-based resource use (direct material input (DMI)): 1990, 2000, 2010 and 2019.
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The economic and environmental 
opportunities associated with a transition 
to a more circular economy have received 
a lot of attention in recent years. Despite 
that, relatively little effort has been directed 
towards understanding just how circular 
New Zealand’s economy is (or is not).19

The circularity of a given national economy 
can be evaluated in different ways.20 One 
widely used indicator is the circular material 
use rate (CMUR), which compares the quantity 
of secondary materials (those derived from 
recycled products) with the total quantity of 
raw materials entering an economy in any 
given year.21 Increases in this ratio represent 
the substitution of secondary materials 
for their primary equivalents, and reduced 
demand for natural resource extraction and 
processing as a result.

It is important to be aware that the CMUR 
indicator captures just one element of the 
circular economy – recycling. It largely ignores 
other circularity pathways – product reuse, 
repair and remanufacture, for example – that 
keep products in use for longer and thereby 
reduce New Zealand’s overall demand for 
natural resources. How widespread those 
activities are today is unknown, however.

19	   The only assessment we are aware of is contained in research commissioned by MBIE (see Goddin and Moraga, 2024, Figure 2).
20	   See, for example, European Commission, 2023, and Ellen MacArthur Foundation, 2025.
21	   Eurostat, 2018a.
22	   Circle Economy, 2023.
23	   MfE, 2025b; Eunomia, 2021; Stats NZ, 2024a.
24	   Miatto et al., 2024.

In contrast, the CMUR indicator can be 
estimated relatively easily, something which 
has made it popular in international circularity 
assessments (the Global Circularity Gap 
Report, for example).22 In New Zealand’s case, 
it can be estimated by combining official data 
on waste flows compiled by the Ministry for 
the Environment – Manatū mō te Taiao (MfE) 
and others with the data on natural resource 
inputs (domestic extraction, direct physical 
imports, direct physical exports) presented 
above in chapter three.23

On this basis, the New Zealand economy 
remains far from being circular (see Figure 3.2). 
At least 150 million tonnes of materials were 
fed into the economy in 2019. Only around 
3 million tonnes of these were derived from 
recycled sources – a circularity rate of perhaps 
2%. That is a similar result to one from a recent 
assessment for Australia (~4%).24 

A look at the circularity of 
New Zealand’s economy



03 Updates

20

Domestic material 
input

Inputs
16 Mt

Domestic 
extraction

135 Mt

Biomass Fossil fuels Metallic ores Non-metallic minerals

Energetic use
70 Mt

Durable use
58 Mt

Land and water
? Mt

Wastewater treatment plant
< 1 Mt

Exports
23 Mt

Atmosphere
15 Mt

Tailings
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Landfills
6 Mt

Offshore recycling
1 MtDomestic recycling

3 Mt
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? Mt

Domestic material 
consumption

Source: PCE data compilation

Figure 3.2: Physical material flows (million tonnes (Mt)) through the New Zealand economy in 2019.25 

25	 Note: Mt = million metric tonnes. Data for offshore recycling is from Stats NZ, 2024a. Data for domestic recycling is from Eunomia, 2021, 
p.95, and MfE, 2025b. Data for landfill disposal is from MfE, 2025b. Data for class 2, 3 and 4 landfills is not available for 2019. As such, data 
from 2023/2024 has been used in their place.
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There are a number of reasons why this estimate of New Zealand’s CMUR is probably too low. For example:

•	 It assumes no role for nutrient cycling. In 2019, more than 50 million tonnes of biomass were 
fed into the domestic economy as fodder for livestock or food for humans. Some proportion 
of the nutrients contained in that fodder and food will have been returned to the soil – either 
via animal excrement and effluent re-application or through composting of food waste and 
biosolids. Exactly what proportion is unknown. New Zealand’s well-documented freshwater 
quality problem indicates that at least some of these nutrients ultimately make their way into 
streams and rivers. 

•	 It equates finished metals leaving the economy with metal ores entering it. For most metals, the 
mass of metal ores entering the economy is at least an order of magnitude larger than that of the 
finished metals leaving the economy (see chapter four). As such, the circular use rate indicator 
arguably tends to underestimate the circularity rate for metals. 

•	 It ignores the recycled content of imported materials and products. For example, some 
imported steel is likely to have been manufactured from recycled feedstock. 

•	 It does not capture all domestic recycling activity. That reflects the limited coverage of 
domestic waste statistics – something that results from gaps in the underlying monitoring 
regime. Until recently, only materials diverted for recycling at landfills were required to be 
reported on.26 Regulations introduced in 2023 extended those reporting requirements to 
recyclates collected or processed via council organised or operated waste services.27 But 
neither of these regulations captures the materials diverted by purely private recycling 
operations.28 Plans to expand the monitoring regime to some of these operations were 
cancelled by the Government in late 2024.29 

26	 Waste Minimisation (Calculation and Payment of Waste Disposal Levy) Regulations 2009.
27	 Waste Minimisation (Information Requirements) Regulations 2021.
28	 Consider scrap metal recycling at vehicle wrecking yards, office paper recycling, or the recycling of construction and demolition (by the 

likes of Green Gorilla), for example.
29	 MfE, 2024.
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All that said, only a small proportion of the waste 
generated in New Zealand is currently recycled. 
Statistics published by MfE indicate that only 10% 
of solid waste sent to class 1 landfills is diverted 
to material recovery facilities.30 The equivalent 
figure for waste sent to class 2, 3 and 4 landfills 
(largely construction and demolition waste) is 
20–25%.31 An upcoming report from Eunomia that 
draws on a variety of unofficial data suggests that 
actual recycling rates may be significantly higher 
– potentially in the order of 30–40% depending 
on the waste streams considered.32 If so, that 
would make recycling rates in New Zealand about 
average by OECD standards.

Importantly though, New Zealand’s CMUR 
would remain low even if these recycling rates 
approached 100%. That reflects two factors. 

The first is that municipal solid waste represents 
a small fraction of New Zealand’s overall waste 
generation. Many of the volumetrically larger 
waste streams cannot (currently at least) be 
captured and recycled. Fossil fuels are (mostly) 

30	   MfE, 2025b.
31	   MfE, 2025b. 
32	   Eunomia (unpublished).

consumed when they are burned, for example. 
While the constituent carbon and hydrogen 
atoms remain (making their way into the 
atmosphere as carbon dioxide and water), the 
reality is that no existing technology is capable 
of economically transforming them back into 
something useful. 

The second is the mismatch between demand 
for resource inputs and waste supply in a growing 
economy. In recent decades, direct physical 
resource inputs into the New Zealand economy 
have increased by around 1 million tonnes per 
year on average (see chapter three). While data 
are unavailable, waste generation is likely to 
have increased less than this – largely because a 
significant share of those resource inputs make 
their way into long-lived ‘above ground’ resource 
stocks (infrastructure, buildings, vehicles, etc). 

Again, these dynamics highlight the importance 
of circularity pathways other than recycling – for 
example, product reuse, repair and remanufacture.



03 Updates

23

The measurement boundary delineated by 
formal material flow accounting conventions 
and principles does not extend to the movement 
of bulk water from the environment into the 
economy.33 However, as a biologically-based 
economy, water resources are an important 
component of New Zealand’s natural capital 
base that supports primary sector production 
and other economic activities. The depletion of 
freshwater resources can compromise a raft of 
instream values, including various ecological and 
recreational benefits. Accordingly, any assessment 
of material and resource flows needs to consider 
the extent to which freshwater resources are 
appropriated by the economy. 

The appropriation of freshwater resources can 
come in the form of inputs derived from either 
water abstraction or rainfall. For many primary 
sector activities, rainfall represents an important 
source of water that underpins crop and pasture 
growth. Research has attempted to also directly 
estimate the amount of rainfall used in the 
production of biomass – for example, through the 
concept of the green water footprint.34 There are 
some regional case studies across New Zealand 
that quantify the green water footprint of various 
segments of the primary sector.35 For example, one 
study has found that the New Zealand dairy sector 
uses 12.1 billion cubic metres of water a year, of 
which 2.46 billion cubic metres stem from surface 
and groundwater (blue water footprint) and 9.63 
billion cubic metres stem from rainfall.36 

33	 Flows of bulk water are excluded from material flow accounts because of the potential for double counting of moisture content already 
captured in biomass flows. In addition, the relative magnitude of water flows relative to other resource flows can have a distorting impact 
on the measurement of other resource categories (Eurostat, 2018b). 

34	 Mekonnen and Hoekstra, 2011.
35	 For example, see Zonderland-Thomassen and Ledgard, 2012, Herath et al., 2013, and Higham et al., 2024.
36	 Cameron and Peer, 2025.
37	 See Booker and Henderson, 2019. This figure relates to consumptive non-hydropower consents. It is important to note that this single 

figure masks important spatial variability in the relationship between water resource availability, water allocated for use, water demand 
and actual water use. 

38	 Responsibility for the management of freshwater resources falls to regional councils and unitary authorities with consents issued for 
water abstraction.

However, as far as we can tell, there is no study 
on the green water footprint of the New Zealand 
primary sector as a whole. 

The assessment of water use in PCE’s earlier 
literature review presented information on total 
consented water allocation. Research undertaken 
by the National Institute of Water and Atmospheric 
Research – Taihoro Nukurangi (NIWA) for national 
environmental reporting found that, for the 
2017/18 year, consented water takes amounted to 
approximately 13 billion tonnes.37 

Unlike other resource and material flows 
presented in our published inventory, estimates 
derived from water take consents were not based 
on data measuring direct extraction. The previous 
estimate was based on consented water take 
data, which provide an indication of the potential 
maximum volume of water abstraction.38 
Consents to take water are often not fully utilised; 
many consents include conditions that restrict 
taking of water under specified circumstances, 
and water can be used without a consent when 
activities are permitted under regional plans. 
Accordingly, there is potential for significant 
discrepancies between consented volumes 
during a given period compared to actual water 
taken from the natural environment. 

The lack of information regarding actual water 
takes has been identified as a key deficiency in 
New Zealand’s environmental information base. 
Regulations relating to the measurement of 

Water use
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water takes have been in existence in some form 
since 2010, with requirements to progressively 
expand measurement coverage of takes over 
time.39 In their original form, these regulations 
lacked specificity about how data on water use 
was to be collected, managed and reported. This 
resulted in inconsistent practices across water 
take data providers, which (in turn) has hindered 
the compilation of a nationally consistent 
measure of water takes for New Zealand based 
on data compiled by regional councils.40 These 
regulations were amended in 2020 to be more 
prescriptive, with the changes taking effect 
between September 2022 and September 2026.41 

Recent work commissioned by MfE and 
undertaken by NIWA specifically assessed the 
state of databases, data conventions and data 
exchange processes to conduct water quantity 
accounting in New Zealand.42 The scope of 
the work included the collection and analysis 
of water quantity and use data from selected 
regional councils. Analysis was then carried out 
to determine differences between consented 

39	 MfE, 2021.
40	 See MfE, 2020, p.307.
41	 Resource Management (Measurement and Reporting of Water Takes) Amendment Regulations 2020.
42	 See Booker et al., 2024. In the context of NIWA’s report, water accounting refers to the process of collation, analyses and presentation 

of water quantity data.
43	 Caution is warranted with respect to the interpretation of these findings due to the limited number of case study regions and their 

non-random selection. In addition, analysis of actual rates relative to consented takes was based on limited temporal coverage. 
44	 Booker et al., 2024.

amounts and actual takes for those consents 
with metered water take data. Results showed 
that actual water takes were generally much 
lower than the overall consented maximum 
allowable instantaneous rate of take for the 
selected case study regions. The discrepancy 
between consented and metered water volumes 
suggests that our previously reported estimate 
derived from consented water take data would be 
expected to exceed actual water abstraction by a 
large magnitude.43

In addition, one of the key overall findings of the 
NIWA report was that it is currently not possible 
to compile a nationally coherent or consistent 
account of actual water use for New Zealand.44 
Key barriers identified include inconsistencies 
between regions relating to the definition of 
technical and measurement concepts, and 
general data quality issues. Accordingly, the 
inability to compile a national picture of water 
use stems not from a lack of environmental 
monitoring but from deficiencies in the 
underpinning data and information systems. 



04
Insights from 
research 
commissioned 
for this report 

This chapter presents the headline results of five pieces of external research 
commissioned for this report:

•	 The impact of primary sector activities on soil quality and quantity 
(Manaaki Whenua).45

•	 The metal requirements of New Zealand’s energy transition (Aurecon).46 

•	 New Zealand’s resource use on a consumption basis (Sense Partners).47 

•	 The plastic content of manufactured imports (Eunomia and Whirika).48

•	 How natural resource extraction, processing and use translates 
into environmental pressure and changes in ecosystem functioning 
(Deliberate).49  

45	 Drewry et al., 2025. 
46	 Palairet et al., 2024. 
47	 Sense Partners, 2024.
48	 Stoner et al., 2024.
49	 Connolly and Fitzgerald, 2024.
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Our updated inventory of resource flows 
in Aotearoa New Zealand showed that in 
2019, about 78 million tonnes of biomass 
was extracted domestically. This resource 
category was dominated by grazed biomass 
and fodder crops, forestry, and agricultural and 
horticultural crops. This production was entirely 
dependent on the existence of New Zealand’s 
underlying soil resource. 

Material flow accounting principles and 
conventions measure biomass in terms of 
tonnes of production. The measurement 
boundary does not extend to the resources 
underpinning production. Accordingly, neither 
soil quality nor quantity is directly accounted for 
in our inventory of material flows. 

New Zealand soil resources can be 
conceptualised as a stock of natural capital that 
yields a flow of provisioning services in the form 
of biomass generation. For a biologically based 
economy, consideration needs to be given to 
the impact of economic activity on this natural 
capital asset underpinning the production of 
these flows. 

Soil resources underpin primary sector 
production by providing a physical substrate 
that supplies nutrients and water to plants. 
However, primary sector activities can have a 
range of detrimental impacts on soil resources. 
This degradation has the potential to undermine 
the productive capacity of New Zealand’s 
soil resources and biomass production. This 
could compromise the ability of New Zealand’s 
primary industries to produce products for both 
domestic and export markets. 

To supplement the findings of our inventory, 
Manaaki Whenua – Landcare Research was 
commissioned to review the impact of primary 
sector activities on New Zealand’s soil resources. 

50	   This included soil biota, contaminants, soil carbon, nutrients, pH and physical structure. 

This review focused on synthesising available 
evidence to summarise these impacts, the extent 
to which they are reversible and implications for 
ongoing productive capacity. 

Data and evidence were drawn from a range of 
sources, including environmental reporting (both 
national and regional), published research and 
grey literature, and experts from Manaaki Whenua. 
In addition, the strength of the underpinning 
evidence base was also assessed, and an overview 
of key knowledge gaps provided. The data and 
evidence were largely drawn from New Zealand 
studies as a comprehensive survey of the 
international literature was beyond the scope 
of the review. However, this would constitute a 
natural extension of this work to address gaps that 
were identified in the underpinning evidence base. 

The scope of the review encompasses a range of 
primary sector land use activities, including dairy 
and dry-stock farming, horticulture, cropping and 
exotic forestry. The review assessed the impact 
of each activity on the various dimensions of soil 
quality, including chemical, biological and physical 
ones.50 The impact of primary sector land use 
activities on soil quantity (in the form of erosion) 
was also assessed. 

The impact of primary sector activities on 
soil quality and quantity 
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It should be acknowledged that while certain 
land management practices can positively affect 
soil quality and productive capacity, the review 
centred on the degradation and depletion of soil 
resources. Furthermore, wider environmental 
impacts in the form of greenhouse gas emissions 
and freshwater quality issues were not considered. 
These exclusions are consistent with a focus on 
the environmental risks posed to New Zealand’s 
soil resources from the extraction of biomass. 

It is important to note that the evidence base 
underpinning this assessment draws on research 
conducted in a specific set of circumstances. 
Accordingly, the findings described here will 
not account for the heterogeneity of production 
systems or land management practices across 
New Zealand. Furthermore, soil orders have 
different properties that influence the resilience of 
the receiving land environment and the impact of 
primary sector activities. 

To account for some of this uncertainty, the 
review includes an assessment of the character 
and magnitude of the impact using the 
Intergovernmental Panel on Climate Change 
(IPCC) uncertainty framework.51 This provides an 
indication of the level of confidence underpinning 
statements regarding the impact of land use 
activities on soil properties and implications for 
the productive capacity of New Zealand’s soils.

51	 IPCC, 2010, p.3. The IPCC framework assesses uncertainty 
according to the degree of agreement and an evaluation of the 
evidence base according to type, amount, quality and consistency.



04 Insights

28

Key finding #1:  
Different primary sector 
land uses have different 
impacts on soil quality 
and quantity. 

The Manaaki Whenua – Landcare Research review found that different 
land uses have different impacts on soil quality and quantity.52 These 
impacts depend on the nature of the activity and the intensity of land 
management practices. The following examples highlight where there 
is at least reasonable evidence and agreement regarding the impacts 
of land uses on soil properties.

•	 Dairy farming often results in compaction and pugging, 
particularly during wet conditions. Similar impacts are observed 
in more intensive sheep and beef grazing systems on flat 
and rolling hill country. Compaction and pugging limit root 
penetration, water drainage and air movement through soils. 
Dairy farming is also associated with the accumulation of 
contaminants, including cadmium and zinc. The accumulation 
of cadmium is largely the result of the legacy application of 
phosphate fertilisers, whereas the accumulation of zinc results 
from the treatment of facial eczema. The use of irrigation as part 
of more intensive farming operations is shown to decrease soil 
carbon in most studies. 

•	 The predominant impacts associated with dry-stock hill and 
high-country farming arise from soil loss from erosion. Land 
under hill and high-country farming has often been subject to 
historical clearing and is erosion prone, with the greatest soil 
loss arising from shallow landslide processes. 

•	 Arable cropping and short-rotation horticulture can result in 
soil compaction from cultivation and the movement of heavy 
machinery. In addition, the constant removal of biomass and 
various land management practices often results in lower soil 
carbon. 

•	 Perennial horticulture can result in elevated copper levels in 
some soils due to the application of copper-based fungicides, 
although the spatial extent of elevated values is unknown. 

•	 Exotic forestry has some impacts on soil properties related 
to both loss and structure. Exotic forestry is often situated 
on erosion-prone land, with shallow landslide processes 
responsible for soil loss. Harvesting practices can exacerbate 
this risk through the loss of canopy cover and root structure. 
In addition, localised soil compaction generally results from 
vehicle movements, particularly during harvesting operations.

52	   Drewry et al., 2025.
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Key finding #2:  
Some of these 
impacts are reversible. 
Some are not.

A key consideration with respect to the impact of different land uses 
relates to the extent to which these impacts are reversible on any 
reasonable human timescale. The findings of this review indicated 
that different impacts demonstrate variable levels of reversibility. 
Some impacts are reversible through land management practices 
or remedial actions while other impacts are largely irreversible. 
However, gaps in the underpinning evidence base ensure that 
it is not possible to assess the reversibility of all soil impacts. 
The following summarises what is currently known about the 
reversibility of such impacts.

•	 Any impact of land use activities on soil nutrient depletion and pH 
is largely reversible through the application of fertilisers and other 
inputs, such as lime and composts, to ensure optimal growing 
conditions. 

•	 The accumulation of trace element contaminants is largely 
irreversible. This accumulation results from the application of 
various agrichemicals, such as copper from fungicides and zinc 
from the treatment of facial eczema, as well as impurities (e.g. 
cadmium) in some fertiliser products. 

•	 Soil compaction is reversible but requires changes in land 
management practices, including remedial practices. Evidence 
suggests that compaction associated with shallow soil depths is 
more easily reversible but that impacts become harder to reverse 
as degradation extends further below the top layer of soil. However, 
there is limited information regarding the reversibility of these 
impacts for deeper soil layers. 

•	 Depletion of soil carbon can be reversed through the direct input 
of organic materials or through plant growth. However, in practice 
it can be difficult to reverse the loss of soil carbon due to the 
complex nature of the processes that influence soil carbon. 

•	 Soil erosion and loss of soil to waterways is irreversible on 
any relevant human timescale. Soil erosion leading to the 
redistribution of soils within production landscapes is somewhat 
reversible. 

•	 There is currently a lack of evidence regarding the extent to 
which the impact of different land use activities on soil biota and 
biological communities is reversible. Some evidence suggests 
that changing land use can result in irreversible changes to the 
structural composition of soil biota. However, the underpinning 
evidence base is limited.
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Key finding #3: 
Important gaps remain 
in our understanding 
of how New Zealand’s 
soil resource is 
changing.

The Manaaki Whenua Landcare Research review found the evidence 
base describing links between land use activities and impact on soil 
properties was reasonable.53 Despite some deficiencies, the review 
was able to draw on numerous sources that described the general 
impact of land uses on soil quality and quantity. However, the review 
also highlighted several knowledge gaps relating to soil properties, 
productive capacity and other information needed to enable the 
more effective management of New Zealand’s soil resource. These 
are outlined below.

•	 The impact of land use on soil microbes and invertebrates and 
their role in supporting soil productive capacity was identified 
as a consistent information deficiency. This extended from 
basic information regarding the distribution and health of these 
communities through to their various functions and contribution 
to soil quality. 

•	 Knowledge gaps relating to the extent and impact of 
contamination were also identified. For example, information 
regarding concentrations of copper and zinc, which are 
suggested to be the primary contaminants of concern in 
horticultural and pastoral land uses, respectively, was largely 
limited to regional council state of the environment reporting. 
The review suggested that a greater level of surveillance of 
copper and zinc concentrations in key land uses is warranted 
and additional data from other sources could provide a more 
comprehensive assessment of the extent of these contaminants. 
In addition, there is also a dearth of information relating to 
the extent, impact and reversibility of pesticide residues and 
microplastics in New Zealand soils. 

•	 Another key gap relates to the lack of quantitative data on soil 
erosion control. While our general understanding of erosion and 
its control is reasonable, we lack quantitative data to ensure 
erosion control is targeted. 

•	 The review also identified knowledge gaps relating to both the 
effectiveness and adoption of remedial and mitigating land 
management practices to address known issues (e.g. pugging 
and compaction).

Much of the available evidence base was limited to research and 
monitoring that measured and described the impact of various 
primary sector land uses on soil properties as described in the first 
key finding. Often, the evidence base did not extend to exploring how 
these impacts influence the ongoing productive capacity of soils. 

53	   Drewry et al., 2025.
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Accordingly, the review could only make a limited set of definitive 
statements regarding the extent to which primary sector activities 
were undermining the productive capacity of New Zealand’s 
soils. The following provides an overview of what is known about 
the relationship between the impact of various land uses and 
implications for soil productive capacity.

•	 Compaction and pugging associated with dairy farming and other 
intensive grazing systems were identified as having a detrimental 
impact on primary production, at least over the short term. 
The resulting changes to soil structure have reduced pasture 
yields. This relationship between impact on soil properties 
and subsequent implications for productive capacity was 
characterised by both robust evidence and high agreement. The 
evidence base was less certain regarding the impacts on pasture 
over the longer term and for deeper soil layers.

•	 Exotic forestry and hill-country farming on eroded land leads 
to reduced tree growth and pasture production from the loss of 
topsoil. However, while there was strong evidence regarding the 
occurrence of erosion in steepland forests, the assessment linking 
erosion to reduced productive capacity had high agreement but 
was deemed to be less robust given limited overall evidence. 

•	 Trace element contamination in the form of copper in horticultural 
systems and zinc in pastoral systems was identified as the 
greatest risk to the future productive capacity of soils. These 
impacts are largely irreversible, and elevated concentrations can 
have adverse impacts on yield and soil functioning. With respect 
to copper, there is medium agreement and evidence that copper 
has accumulated to concentrations that may cause negative 
impacts in some areas, although the spatial extent of elevated 
values is unknown. There is limited evidence and high agreement 
that while zinc concentrations in soil subject to dairy farming are 
elevated, these concentrations do not currently pose a concern in 
relation to productive capacity. 

•	 The presence of cadmium in soil can result in non-compliance of 
food crops with food standards, effectively limiting the productive 
capacity of the soil. There was medium evidence and high 
agreement that a small number of food crops are either breaching 
or nearly breaching these standards.

•	 A key knowledge gap relates to the impact of changing soil carbon 
content on productive capacity. The review found that while there 
is a substantial body of evidence on the impact of land uses on 
soil carbon, there is limited evidence regarding implications for soil 
productive capacity.
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The mineral and metal requirements of a 
renewable energy transition have received 
considerable attention recently. 

They are central to the Government’s recently 
published minerals strategy and critical minerals 
list.54 Both documents foresee an opportunity 
for New Zealand to supply a greater share of the 
metals – for example, vanadium and phosphate – 
that will be required for the global energy transition.

The metal requirements of a renewable energy 
transition have also been central to an ongoing 
debate about the relative merits of green growth 
and degrowth. There is a view in some quarters 
that a renewable energy transition – a form of green 
growth – is neither possible nor desirable.55 Not 
possible for a range of reasons, but in significant 
part because the metal requirements of solar 
photovoltaic (PV) panels, wind turbines and 
batteries will exceed our ability to supply them.56 
Not desirable because of the environmental 
burden that large-scale mineral mining and 
processing tends to leave behind. In the eyes of 
degrowth advocates, the better solution to climate 
change and the other environmental challenges we 
face is a reduction in overall societal consumption. 

Despite all of this, there has been little analysis 
of what the metal requirements of New Zealand’s 
energy transition might actually be. 57,58 Which 
metals might be required? In what quantities? How 
much waste might result? 

PCE commissioned Aurecon to consider these 
questions. The modelling approach that was 

54	 MBIE, 2025.
55	 Seibert and Rees, 2021; Joy, 2023.
56	 Other widely cited issues include (i) the relatively low energy density of batteries and their resulting inability to replace liquid fuels in a 

number of transport applications (e.g. shipping and aviation), and (ii) the inability of renewable technologies to produce the level of process 
heat that is required in some manufacturing applications. 

57	 A recent report by Rewiring Aotearoa (Hall et al., 2024) does include an estimate of the metal requirements associated with the uptake of 
electric vehicles in New Zealand.

58	 Several such analyses have been undertaken at the global level, however. For example, modelling by the International Energy Agency (2024) 
projects that the uptake of renewable technologies will drive a twofold to fourfold increase in mineral demand relative to today.

59	 Palairet et al., 2024.
60	 As presented in draft advice provided by the CCC for emissions budget 4 (CCC, 2024).

developed is described in full in an accompanying 
report available on PCE’s website.59 In short, 
projections of New Zealand’s metal demand to 
2050 were generated by integrating three types of 
information: 

•	 Life cycle analysis data describing the 
(current) metal contents of four headline 
renewable technologies – solar PV, wind 
turbines, battery storage and vehicles (electric 
and plug-in hybrid) – and the electricity 
transmission and distribution networks 
that support their uptake. This extended to 
sub-variants of each main technology type 
(crystalline silicon vs thin film solar cells, for 
example). 

•	 Projections of how the market share of each 
sub-technology might evolve to 2050, taken 
mostly from academic research. This matters 
because different sub-technologies have very 
different metal requirements (consider lithium-
iron-phosphate vs nickel-manganese-cobalt 
batteries, for example).

•	 Projections of renewable technology 
adoption in New Zealand from He Pou a Rangi 
– Climate Change Commission (CCC) and 
Boston Consulting Group (for grid-scale battery 
storage). The CCC’s demonstration path, which 
describes a pathway to net zero by 2050, was 
the central scenario analysed.60

As with all modelling, the projections that result are 
only as good as the assumptions that go into them. 
The results presented below should be read with 
that in mind.

Metal requirements of New Zealand’s 
energy transition
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Key finding #1:  
The metal demand 
associated with  
New Zealand’s 
renewable energy 
transition is projected 
to increase five-fold 
between 2023 and 2050.

In 2023, domestic investment in a set of core renewable technologies 
– solar PV, wind generation, battery storage, and electric and plug-in 
hybrid vehicles – required the mobilisation of around 56,000 tonnes 
of finished metal. That is projected to increase to 300,000 tonnes by 
2050 if new investment in renewable technologies follows something 
resembling the CCC’s demonstration pathway. 

As highlighted in Table 4.1, demand for some metals is projected to 
increase more than for others. Bulk metals – iron, aluminium and 
copper – see the largest increases in absolute terms. For example, 
aluminium demand increases from around 8,000 tonnes per year in 
2023 to almost 50,000 tonnes per year in 2050.

In relative terms though, the largest increases are projected to come 
from a set of less common metals. Demand for lithium, graphite and 
phosphorus – all of which are key ingredients in battery technology 
– is cumulatively projected to increase almost nine-fold, from 1,700 
tonnes per year in 2023 to 14,500 tonnes per year in 2050.
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Table 4.1: Projected metal demand (kilotonnes) associated with the adoption of key 
renewable energy technologies: solar PV, wind generation, battery storage, and electric 
and plug-in hybrid vehicles. 

2023 (kt) 2050 (kt)
Projected demand growth 

factor 2023–2050

Iron 40.16 202.86 5

Aluminium 7.94 49.23 6

Copper 3.51 25.07 7

Graphite 1.30 10.72 8

Silicon 0.71 3.69 5

Phosphorus 0.27 2.78 10

Manganese 0.50 2.42 5

Chromium 0.52 2.08 4

Nickel 0.52 2.02 4

Lead 0.25 1.45 6

Lithium 0.13 1.00 8

Cobalt 0.12 0.50 4

Molybdenum 0.07 0.40 6

Rare earth elements 0.04 0.31 8

Magnesium 0.03 0.21 7

Tin 0.02 0.13 6

Zinc 0.02 0.11 6

Vanadium 0.02 0.05 3

Titanium 0.0051 0.0244 5

Boron 0.0013 0.0100 8

Sodium 0.0063 0.0070 1

Antimony 0.0005 0.0034 6

Gold, silver & PGMs61 0.0016 0.0033 2

Cadmium 0.0002 0.0015 7

Indium 0.0001 0.0004 7

Zirconium 0.0003 0.0003 1

Gallium 0.0000 0.0002 7

61	   Note: PGMs = platinum group metals.
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Cumulatively, an energy transition akin to the 
CCC’s demonstration pathway would require 
around 7.5 million tonnes of finished metal 
between 2023 and 2050.62 The quantity of ore 
required to produce that metal would be many 
times larger. Copper provides an example. At 
present, copper makes up around 0.6% of a typical 
copper ore – the remainder is waste rock, which 
mostly ends up in tailings dams and associated 
storage facilities.63 As such, the 560,000 tonnes 
of cumulative copper demand projected by 
the modelling undertaken for this report would 
ultimately require the extraction and processing of 
something closer to 100 million tonnes of copper 
ore (assuming all of it was furnished from virgin 
ores).64 The differential for metals like silver and 
the rare earth elements (whose concentrations in 
ore are typically measured in parts per million) are 
much larger again. 

These numbers are large, and some context is 
useful for making sense of them.

One point of comparison is with projections 
of metal demand in other countries. Recent 
modelling undertaken for the United States, for 
example, suggests that a net-zero transition 

62	 1.7 million tonnes if vehicle chassis are excluded.
63	 Northey et al., 2014; World Copper Ltd, 2023, p.10.
64	 In reality, a significant proportion of global copper supply comes from recycling copper scrap. Data from the International Copper 

Association suggests secondary supply between 2009 and 2018 was in the order of 30% (International Copper Association, 2022).
65	 Wang et al., 2024.
66	 MBIE, 2024b.

would require 1.5 million tonnes of copper, 1 
million tonnes of graphite, and 100,000 tonnes 
of lithium annually by 2035.65 Those quantities 
are in the order of 50 to 100 times larger than 
those suggested for New Zealand in Table 4.1. 
That seems broadly reasonable given that the 
population of the United States is around 70 times 
larger than in New Zealand.

Another point of comparison is with the fossil 
resources that are required by New Zealand’s 
existing energy system. In 2023, 4 million tonnes 
of petrol and diesel was used in domestic road 
transport.66 A significant proportion of that fuel 
will no longer be required as New Zealand’s 
vehicle fleet becomes increasingly electric. If the 
CCC’s demonstration pathway comes to pass, 
New Zealand will be importing ~190,000 electric 
and ~20,000 plug-in hybrid vehicles annually in 
2040. Based on the analysis undertaken for this 
report, together with some basic assumptions 
about the metal contents of different ores, the 
batteries contained in those vehicles will require 
perhaps 1.3 million tonnes of metal ore to 
manufacture. 
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Key finding #2:  
Electric vehicles 
require considerably 
more metal ore to be 
extracted than internal 
combustion vehicles.

Imported electric and plug-in hybrid vehicles are projected to 
require 6.5 million tonnes of finished metal between 2023 and 
2050 – around 85% of all of the metal demand associated with 
New Zealand’s energy transition. 

Most of that metal (perhaps 85%) is the iron and aluminium 
contained in vehicle chassis and bodies. Electric and plug-in 
hybrid vehicles have similar requirements to traditional internal 
combustion vehicles in that respect. As such, much of this metal 
would be mobilised regardless of how quickly New Zealanders 
adopt them.

Electric and plug-in hybrid vehicles also contain large batteries. 
These are projected to require 750,000 tonnes of finished metal 
between 2023 and 2050, making them the largest driver of metal 
demand for the technologies assessed in this report (Figure 4.1). 
Graphite and lithium are both essential ingredients in the lithium-
ion batteries that dominate present day electric vehicle markets. 
Depending on the exact chemistry involved, these batteries also 
require significant quantities of cobalt, copper, manganese, 
nickel and phosphorus. Many of these metals are produced from 
ores characterised by relatively low grades (i.e. below 10% metal 
content), which is a key reason why electric vehicles require 
considerably more metal ore to be extracted and processed than 
traditional internal combustion vehicles.

Source: Based on analysis by Aurecon (Palairet et al., 2024)

Figure 4.1: Cumulative metal requirements by renewable technology 2023–2050
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One of the key sources of uncertainty in the 
projections of future metal demand presented 
in this report relates to stationary battery storage 
(whether residential-scale or utility-scale). As 
shown in Figure 4.1, this is projected to drive very 
little metal demand over the coming decades. For 
residential-scale storage, that reflects projections 
of residential solar PV installation from the CCC 
coupled with assumptions about the share of 
those installations that are accompanied by 
a battery.67 For utility-scale storage, it reflects 
projections of battery adoption taken from recent 
Boston Consulting Group modelling.68 

67	  These assumptions are that (i) 10% of current rooftop solar installations are accompanied by a 10 kWh battery, (ii) this share increases by 
2% per year and (iii) battery sizes increase by 2.5% every year.

68	 Boston Consulting Group, 2022.
69	 CCC modelling suggests that New Zealand will have 1,650 MW of rooftop solar capacity by 2050 (CCC, 2024). At an average panel size of 

7 kW, that only amounts to around one in ten (currently existing) dwellings having rooftop solar. It is also worth noting that recent modelling 
from Transpower includes projections in which distributed solar capacity reaches 4,900 MW by 2050 (Transpower, 2020).

70	 Only investment in renewable technologies that took place after 2020 is considered – hence the absence of waste generation during the 
2020s. The fall in projected waste generation in the mid-2040s shown in the figure results largely from CCC projections which suggest that 
little or no new onshore wind generation will be commissioned in 2025 and 2026.

It remains to be seen how accurate those 
underlying projections and assumptions are. That 
said, there are reasons to believe they may err on 
the low side, particularly if the sort of electricity 
system decentralisation envisaged by the likes 
of Rewiring Aotearoa plays out.69 Were that to 
happen, the metal demand associated with 
stationary storage could be considerably higher. 
At the same time, some of that additional demand 
would probably be offset by other factors. Reduced 
investment in transmission and distribution 
infrastructure is potentially one example. The 
cascading use of vehicle batteries in stationary 
storage applications is another.

Key finding #3:  
End-of-life solar PV 
panels, wind turbines 
and batteries will 
begin to generate large 
quantities of waste in 
the coming decades.

The renewable technologies assessed in this report have finite 
lifespans. At present, the effective use life of batteries used in 
electric vehicles and for residential electricity storage is around 10 
years, although this depends significantly on how they are used, 
and how much performance loss consumers are prepared to 
tolerate. The use life of solar PV panels and wind turbines is longer 
– typically around 20 years.

While there are opportunities to extend their use life, every PV 
panel, wind turbine and battery used to power New Zealand’s 
energy transition will ultimately enter the waste management 
system. Renewable technologies are by no means unique in that 
respect. Fossil-fuelled technologies also become waste at their 
end of life. 

Figure 4.2 shows how waste generation resulting from the disposal 
of PV panels, wind turbines and batteries (residential and vehicle) 
might evolve if New Zealand’s energy transition follows something 
resembling the CCC’s demonstration pathway.70 By 2040, the 
arrival of these technologies at their end of life is projected to result 
in around 30,000 tonnes of metal (and silicon and phosphorus) 
waste generation each year. By 2050, that figure is projected to 
increase to around 130,000 tonnes. 
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That waste represents both an opportunity and a challenge. An 
opportunity in the sense that there are significant amounts of 
economic value embedded in it. At current metal prices and 
exchange rates (February 2025), the cumulative value of the 
aluminium, copper and nickel contained in this waste stream is in 
the order of perhaps $5 billion. That is to say nothing of the iron, 
graphite, lithium and other metals it contains.

The challenge, of course, is whether those metals are 
economically recoverable and, if they are not, how to dispose 
of them in an environmentally responsible way. Perhaps the 
biggest barrier in this respect is the complexity of the components 
and alloys that are used in many renewable technologies. 
Separating the higher value materials in this waste stream from 
the surrounding steel and plastic is far from straightforward and 
typically requires large amounts of labour (for disassembly) and 
capital (for metal recovery). Extended producer responsibility 
schemes can play an important role here, both by providing a 
source of funding for collection and material recovery, and by 
incentivising the design of products that are more easily recycled. 
New Zealand has been in the process of designing such a scheme 
for large batteries since 2021.71 Whether this comes to fruition 
remains to be seen. 

Source: Based on analysis by Aurecon (Palairet et al., 2024)

Figure 4.2: Projected waste generation resulting from the disposal of end-of-life solar PV 
panels, wind turbines and batteries.

71	   MfE, 2025a.
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The vast array of goods and services consumed 
in modern societies require natural resource 
inputs in their production. Quantifying the 
footprint of an individual product – or country 
in aggregate – is far from straightforward. The 
complexity of many products and the global 
reach of supply chains tends to make simple 
‘tallying up’ exercises impractical.

The emergence of environmentally extended 
multi-regional input-output (EEMRIO) databases 
offers a way forward. By linking country-specific 
data on resource extraction (in tonnes) and 
economic flows and trade (both in dollars), it 
is possible to estimate the natural resource 
footprints of goods and services consumed in 
any given country. 

The Global Resource Input-Output Assessment 
(GLORIA) database – built by Manfred Lenzen 
and colleagues at the University of Sydney with 
funding from the United Nations International 
Resource Panel – is (arguably) the best EEMRIO 
database currently available. As discussed 
in PCE’s earlier literature review, GLORIA was 
specifically designed with resource accounting 
in mind and includes New Zealand as a 
standalone country.72 

Interrogating the GLORIA database is not 
straightforward. Doing so requires expertise 
in input-output analysis as well as a lot of 
computing power. PCE commissioned Sense 
Partners to help with this. Sense Partners 

72	 PCE, 2024.
73	 GLORIA distinguishes between 120 individual industries. The input-output tables published by Stats NZ distinguish between 109 industries 

and 197 product groups.
74	 Sense Partners, 2024.

developed a hybrid methodology that combines 
official statistics on domestic resource 
extraction and economic flows with estimates of 
the resource content of New Zealand’s imports 
from GLORIA. 

Relative to a GLORIA-only approach, this hybrid 
methodology has two advantages. The first is 
that it allows domestic statistics on resource 
extraction to be used in place of those contained 
in international databases. There are significant 
discrepancies between these datasets – our 
belief is that the domestic statistics are likely to 
be more accurate. The second advantage is the 
additional sectoral detail contained in domestic 
input-output data.73 This allows, for example, a 
distinction to be made between dairy and other 
cattle farming, something which is important in 
the New Zealand context. 

The full details of the analysis are presented in a 
report available on PCE’s website.74 The analysis 
required a significant number of simplifications 
and assumptions, and the results presented 
below should be viewed as indicators rather 
than precise measurements. 

New Zealand’s resource use 
on a consumption basis
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Key finding #1:  
The goods and 
services consumed 
by New Zealanders 
in 2019 required the 
mobilisation of 107 
million tonnes of 
natural resources.

In 2019, 107 million tonnes of natural resources were mobilised 
in the production of the goods and services consumed by 
New Zealanders.75 For reasons discussed in chapter three, 
that estimate does not include water. It would be considerably 
higher if it did. 

Around 54 million tonnes of this resource use resulted from 
the day-to-day spending decisions of households (Figure 4.3). 
On a per-capita basis, that amounts to 10 tonnes of natural 
resources per person per year. Half of that footprint is biomass 
(largely in the form of food). Fossil fuels (~20%), non-metallic 
minerals (~20%) and metallic ores (~10%) make up the 
remainder.

The other big driver of New Zealand’s overall natural resource 
footprint is investment spending – by households, firms and 
businesses.76 This accounted for around 42 million tonnes of 
natural resources in 2019. Non-metallic minerals are the largest 
contributor, largely in the form of the rock, gravel and sand that 
are key inputs in construction and infrastructure development.

On a per-capita basis, New Zealand’s overall natural resource 
footprint (~20 tonnes per capita per year) is about average 
by OECD standards.77 At the same time, that OECD average 
is roughly twice as large as the average per-capita resource 
footprint of developing countries.

75	 Or, more precisely, the year ended March 2020.
76	  Investment – or ‘gross fixed capital formation’ – is defined in the national accounts as spending on durable goods (those with usable 

lifetimes of one year or more). Household spending on new dwellings is included, but household spending on other durable goods (e.g. 
motor vehicles) is not. See Stats NZ, 2014, p.23.

77	 UNEP, 2024. There is some uncertainty here, however. The Global Material Flows Database estimate of 30 tonnes per capita, per year 
places New Zealand well above the OECD average on a per-capita basis. Assumptions about the biomass requirements of livestock are 
the main reason for the discrepancy between the Global Material Flows Database estimate of New Zealand’s material footprint and the 
estimate presented here. This is discussed further in the report by Sense Partners, 2024.
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Source: Based on analysis by Sense Partners, 2024

Figure 4.3: New Zealand resource use (material footprint – million tonnes) by final demand in 2019.

Key finding #2:  
A small number of 
basics account for the 
bulk of New Zealand’s 
resource footprint.

Building on work by Miatto et al. (2024), the resources required to 
produce the goods and services consumed by New Zealanders 
have been broken down using a ‘systems of provision’ 
classification.78 This involved apportioning the resource footprints 
of 197 individual products to one of nine ‘production systems’, 
each of which delivers goods and services that support material 
wellbeing. The approach is far from perfect, but does provide a 
digestible representation of the aspects of daily life that drive 
New Zealand’s demand for resources.79

The results are unsurprising (Figure 4.4). A set of core basics – 
food, housing, infrastructure and mobility – account for 72% of 
New Zealand’s natural resource consumption.80 A vast range of 
other items – everything from clothing and personal electronics to 
education and healthcare – account for the rest.

These results naturally raise questions about where the 
opportunities to reduce New Zealand’s resource footprint might 
lie. In that respect, it is worth remembering that each of the 
‘provisioning systems’ shown in Figure 4.4 is far from homogenous. 
A particular service can be provided in a range of ways, and some 
of those ways are less resource intensive than others.

78	 Miatto et al., 2024.
79	 See Sense Partners, 2024, p.26–28.
80	 The headline figure is similar to that reported for high-income countries as a whole in IRP (2024, Figure 2.20). However, food appears 

to account for a relatively large share of New Zealand’s resource footprint, while the share accounted for by mobility appears relatively 
low. This may simply reflect differences in the classification systems used in the two studies. 
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Mobility provides one example. Hatchbacks, station wagons 
and utility vehicles (SUVs and utes) are all widely used for day-
to-day commuting in New Zealand. In some ways, each body 
type provides a similar service to its owner. But they also come 
with quite different material requirements. The average weight of 
hatchbacks imported to New Zealand during the first half of 2024 
was around 1.2 tonnes, for example.81 The equivalent figures for 
station wagons and utility vehicles were 1.66 and 2.15 tonnes, 
respectively. Those weight differentials largely reflect differences 
in the amount of steel and aluminium required for each body type. 
The differentials would be greater again if the iron ore, coal and 
bauxite required to produce that metal was taken into account.

Housing provides another example. In 1991, standalone dwellings 
accounted for 70% of all new builds and had an average floor 
area of 149 square metres.82 Apartments, townhouses and units 
accounted for the remaining 30% of new builds and had an 
average floor area of 105 square metres. By 2019, the relative 
share of standalone dwellings had decreased slightly (to 67% of all 
new builds), with a small but equivalent increase for apartments, 
townhouses and dwellings. The average floor area of both build 
types increased, presumably while still providing the same basic 
accommodation services to their owners.83 While the material 
requirements of those larger dwellings are difficult to quantify, all 
else equal they will be larger than those for smaller ones. 

Source: Based on analysis by Sense Partners, 2024

Figure 4.4: Natural resources in New Zealand final demand by system of provision.

81	   Ministry of Transport, 2024.
82	   Stats NZ, no date-c.
83	   By 30% in the case of standalone dwellings, and 5% in the case of apartments, townhouses and units.
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As noted above, the analysis also estimated the resource 
footprints of the 197 product groups contained in the Stats 
NZ – Tatauranga Aotearoa input-output tables.84 At that level of 
granularity, the following hotspots emerge.

•	 Residential construction required the mobilisation of 7 million 
tonnes of natural resources, around a third of which was sand 
and gravel and a quarter of which was wood. Another 3.5 
million tonnes were required for non-residential construction. 

•	 Sugar, cocoa and chocolate required the mobilisation of 6 
million tonnes of natural resources, 75% of which was sugar 
cane. Spending on meat required another 4 million tonnes of 
resources, mostly grazed biomass.

•	 Motor vehicles required the mobilisation of 4 million tonnes of 
natural resources. Another 4 million tonnes of petrol and diesel 
were required to power them.85 

Key finding #3: 
Consumption in  
New Zealand relies 
heavily – and in some 
cases entirely – on 
resources extracted 
in other countries.

The quantity of natural resources that are mobilised in the 
production of goods and services consumed in New Zealand (107 
million tonnes) is not all that different to the quantity of natural 
resources extracted in New Zealand. That high-level picture masks 
important differences for individual resources, however.

As shown in Figure 4.5, a large share of the grazed biomass, 
wood, and rock, gravel and sand consumed by New Zealanders 
is sourced domestically. That is not surprising. New Zealand has 
large and internationally competitive food and forestry sectors, it 
would be unusual if large quantities of these resource inputs were 
sourced from abroad. At the same time, the low value-to-weight 
ratio of rock, gravel and sand means it does not tend to be widely 
traded internationally. 

In contrast, there are other resources for which New Zealand’s 
consumption relies heavily on the rest of the world. Crude oil, 
metal ores (with the exception of iron and gold ores), fertiliser 
minerals, sugar cane and oil seeds are all good examples. 

84	   Stats NZ, 2021.
85	   MBIE, 2024b.
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Source: Based on analysis by Sense Partners, 2024

Figure 4.5: Natural resources in New Zealand final demand by origin.86 

86	   Note: MF = material footprint.
87	   For example, see Goldman et al. 2020.

There is nothing particularly unusual about 
New Zealand’s reliance on the rest of the world 
for certain natural resources. Among other things, 
regional differences in mineral endowments and 
growing climates mean that all countries rely on 
international supply chains to a greater or lesser 
extent. In that context, it is worth remembering 
that New Zealand’s reliance on other countries 
for some resources is mirrored by our role as a 
significant exporter of other resources. Based on 
the analysis undertaken for this report, 65% of 
the natural resources extracted in New Zealand 
ultimately end up in exports. Unsurprisingly, the 
ratio is even higher for certain types of biomass – 
approaching 80% for grazed biomass and wood. 

The deep integration of most national economies 
within the global economic system makes it easy 
to lose sight of the impacts that consumption 
decisions in one country have on the natural 
environment in others. It is doubtful, for example, 
if international consumers of food and fibre 
produced in New Zealand are aware of the 
impacts that these industries have had on 
New Zealand’s freshwater quality. Likewise, how 
many New Zealanders are aware of the far afield 
environmental impacts of metals, sugar cane 
and oil seeds we source from elsewhere? The 
latter two have been linked with deforestation and 
biodiversity loss, while metal extraction – if done 
poorly – can lead to high levels of toxicity in the 
vicinity of mine sites and processing facilities.87
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Key finding #4:  
The share of 
New Zealand’s 
resource requirements 
sourced from the 
rest of the world has 
increased over the  
last three decades.

The quantity of natural resources embedded in New Zealand’s 
imports more than doubled between 1994 and 2019 – from 
35 million tonnes to 83 million tonnes (Figure 4.6). In contrast, 
domestic resource extraction increased by only 25% during the 
same period – from 103 million tonnes to 129 million tonnes.88 In 
short, the share of New Zealand’s natural resource requirements 
sourced from the rest of the world appears to have increased 
significantly over the last three decades. 

The key driver of New Zealand’s growing claims on the rest of the 
world was import spending, which more than tripled in nominal 
terms over this period.89 The fact that the resource content of 
imports grew at a slower rate may in part reflect inflation in the 
price of the goods and services imported to New Zealand. That 
said, official import price deflators do not suggest that was a 
major factor between 1994 and 2019.90 

An alternative explanation is that the resource intensity of 
New Zealand’s imports has fallen in real terms, either because 
global production systems are using natural resources more 
efficiently or because the composition of New Zealand’s 
imports has shifted towards less resource-intensive products. A 
preliminary decomposition analysis undertaken by Sense Partners 
suggests that the former – a more efficient use of natural resources 
by global production systems – was more important.

Whatever the case, it seems clear that the improvements in 
domestic resource efficiency discussed in chapter three have been 
at least partially offset by an increase in the resource content of 
imported goods and services. That is consistent with an emerging 
body of evidence that some of the decoupling documented in high-
income countries (using production-based measures of resource 
use) has been achieved by importing resource-intensive products 
from abroad.91 

88	   �The analysis undertaken by PCE in chapter three suggests a slightly larger increase took place between 1990 and 2019 – from 
97 million tonnes to 135 million tonnes.

89	   Stats NZ, no date-d. 
90	   RBNZ, 2024.
91	   Wiedmann et al., 2015; Hubacek et al., 2021. 
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Source: Based on analysis by Sense Partners, 2024

Figure 4.6: Domestic extraction and resource content of imports compared 1994 and 2019.92 

Key finding #5:  
Services have a smaller 
resource footprint than 
goods, but are certainly 
not ‘weightless’.

A widely observed phenomenon in developed countries over 
the last few decades has been an ongoing shift from goods to 
services. This is visible in economic statistics describing the share 
of services in domestic output.93 It is also visible in statistics on the 
share of services in economic consumption, which suggests that 
the relocation of some manufacturing to emerging economies has 
not been the only factor involved.94

There is an idea in the sustainability literature that this shift will 
help to reduce societal resource and waste footprints.95 The 
underlying logic is that services are relatively ‘weightless’ or 
‘dematerialised’ relative to goods. Consider subscriptions to 
streaming services or a ticket to the movies, for example. 

The analysis undertaken by Sense Partners for this report allows 
the resource intensity of the goods and services consumed by 
New Zealanders to be compared. Furthermore, because the 
analysis extends to the supply chains that sit behind individual 
industries, it accounts for the broad range of inputs that are 
required in the production of final goods and services.

92	 Note: RME = raw material equivalent.
93	 World Bank, 2024.
94	 In New Zealand, for example, the share of services in household final demand increased from 48% in 1990 to 55% in 2019  

(Stats NZ, no date-e). 
95	 For example, see Fix, 2019.
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The resource intensities of the 197 manufactured goods and 
services contained in the Stats NZ input–output tables are shown 
in Figure 4.7. On average, one million dollars of manufactured 
goods consumed by New Zealanders in 2019 required the 
mobilisation of around 1,100 tonnes of natural resources. The 
equivalent figure for services was around 200 tonnes. This 
suggests that services, while not completely weightless, do 
have a significantly smaller resource footprint per dollar than 
manufactured goods. 

An important caveat to this conclusion is that the analysis does 
not account for the fact that the provision of services always 
relies on earlier investments in capital goods. In the case of the 
streaming services mentioned above, server farms are required 
to store data and network infrastructure is required to distribute 
them. In the case of a ticket to the movies, a screen and projector 
is required, as well as a theatre for customers to sit in. If these 
capital goods were accounted for, the resource footprint of 
services would be higher than what is shown in Figure 4.7.

Services are not unique in this respect. Making manufactured 
goods also requires earlier investment in a range of capital 
goods – factories, machinery, computers, etc. Whether these 
requirements are greater or smaller than those for services 
remains an open question. 

Source: Based on analysis by Sense Partners, 2024

Figure 4.7: Resource intensity of goods and services in New Zealand final demand in 2019.96 

96	   Note: MF = material footprint.
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Plastics pollution is a rapidly emerging 
environmental issue. It has resulted from the 
dramatic increase in plastics use that has 
occurred over the last three or four decades and 
the inability of waste management systems to 
cope with the waste products that inevitably result.

Reducing the flow of plastic waste into the 
environment in a cost-effective way requires an 
understanding of (i) the key sources of plastics 
waste and (ii) the pathways along which it travels. 
As the Prime Minister’s Chief Science Advisor 
(PMCSA) put it in a recent report on plastics:

Measuring the amount and types 
of plastic we use and discard 
is a prerequisite for appropriate 
management and monitoring 
– it is a vital step in allowing us 
to make evidence-informed 
decisions around where we direct 
resources to improve our use and 
management of plastic, and to 
track their effectiveness.97

In theory, quantifying plastic flows in New Zealand 
should be reasonably straightforward. Primary 
resins are not manufactured domestically and, as 
such, trade data should provide good insights into 
the quantity of plastics that enter New Zealand’s 
economy each year. PCE undertook such an 
analysis as part of the literature review published in 
early 2024 and found that New Zealand imported 
460,000 tonnes of plastic in 2019.98 

That estimate is almost certainly a minimum, 
however. It extended to imports of primary plastic 

97   Office of the PMCSA, 2019, p. 202. Or, as research by White and Winchester (2023), has highlighted, the value of focusing policy attention 
on packaging waste (for example) may be questionable if other products (e.g. clothing and textiles) represent a more important source of 
plastics waste.

98	 PCE, 2024, p.16.
99	 ‘Semi-manufactures’ refers to a broad range of simple plastic products: pipes, hoses, films, plates, etc.

100	  This nomenclature is from Birkbeck et al. (2023), who distinguish between non-hidden, semi-hidden and hidden plastic flows.
101	  Stoner et al., 2024.
102   Stoner et al., 2024. 

resins and semi-manufactures, but not to the 
vast array of more complex plastic-containing 
products that are ubiquitous in modern societies 
(vehicles, appliances, paints, furniture, etc).99 
A priori, it seems reasonable to think that these 
‘hidden’ plastic flows could account for the bulk 
of New Zealand’s plastics use – and therefore 
potentially also waste generation.100 

PCE engaged Eunomia and Whirika to undertake 
further analysis on this issue. To do so, they 
developed a bottom-up methodology that 
combines data on the plastic intensity of individual 
products with trade data on the quantities 
imported. Eighty-eight individual products were 
assessed and ultimately combined into one of 
twelve headline categories: clothing, electrical 
equipment, footwear, furniture, instrumentation, 
machinery, medical, paint, rubber, textiles, toys 
and recreational equipment, and vehicles.101 

As far as we are aware, this analysis provides the 
most complete picture of New Zealand’s overall 
plastics use profile currently available. 

It is not perfect, however. The analysis required a 
number of simplifying assumptions to be made, 
all of which have the potential to introduce 
error. The fact that available trade data does not 
always denominate imports in units of mass was 
particularly problematic. This necessitated the 
use of conversion factors to align data on import 
quantities with data on plastic intensities. The 
assumption that each of the 88 individual products 
analysed are homogenous is also likely to have 
introduced error. A full discussion of these (and 
other) issues is included in a technical report 
available on the PCE website.102 

New Zealand’s hidden plastics problem
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Key finding #1:  
There is far more plastic 
in complex products 
than in packaging.

The analysis undertaken by Eunomia and Whirika suggests that 
New Zealand imported 1.5 million tonnes of plastic in 2022. 
Around two thirds of that plastic was contained in complex 
manufactured products, with vehicles and tyres, textiles and 
clothing, and electrical equipment the largest sources by weight 
(see ‘Key finding #2’ below). Imports of primary resin, plastic 
semi-manufactures and packaging make up the remaining third.

The analysis sheds light on the different pathways that plastics 
take through the New Zealand economy (Figure 4.8). 

Around 400,000 tonnes ultimately becomes packaging, much 
of which has a short use life and will be disposed of relatively 
quickly. Packaging therefore accounted for around 25% of 
New Zealand’s total plastic use in 2022 – a very similar proportion 
to that calculated in a recent study in Australia.103 

However, most of the plastics entering the New Zealand economy 
are contained in products themselves – everything from toys and 
musical instruments to vehicles and heavy machinery. These 
products – and the plastics they contain – become part of an 
‘in-use stock’, and will only emerge as waste when owners deem 
them to be no longer useful. The typical use life of products varies 
widely – months or years for some clothing and footwear, years or 
decades for appliances and vehicles.

In the context of plastics, much of New Zealand’s recent circular 
economy and waste policy has focused on packaging (and 
other single-use plastics). The creation of a mandatory product 
stewardship scheme for plastic packaging is one example.104 
Product bans affecting plastic bags, food and beverage 
packaging, straws and labels is another.105 

There are good reasons for that focus. The likelihood of plastic 
packaging making its way into the natural environment may well 
be higher than the plastic contained in end-of-life vehicles or 
appliances, for example. At the same time though, the analysis 
undertaken for this report suggests that existing policies only 
extend to a small proportion of New Zealand’s overall plastics 
use (and associated plastic pollution). That raises a question as 
to whether there would be value in expanding the policy focus to 
those products – vehicles, clothing and textiles, and electronics – 
that account for the bulk of New Zealand’s plastic use.

103	  O’Farrell et al., 2022, Table 11.
104	  Sage, 2020.
105	  MfE, 2023a, 2023b.
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Source: Based on analysis by Eunomia and Whirika (Stoner et al., 2024) 

Figure 4.8: New Zealand’s plastic imports (tonnes) by source in 2022.
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Key finding #2:  
The largest components 
of New Zealand’s 
plastic use – vehicles 
and textiles – are 
also key sources of 
microplastics.

The analysis undertaken for this report suggests that vehicles 
and tyres (~340,000 tonnes of plastic), and textiles and clothing 
(~300,000 tonnes of plastic) rival packaging as the largest 
components of New Zealand’s plastic use.

Internationally at least, both product categories have been 
identified as key sources of microplastic pollution.106 In the case 
of vehicles, this arises from tyre abrasion that occurs during 
vehicle use. With textiles and clothing, it is due to microfibre 
shedding that happens when synthetic fabrics are worn, used  
or washed.

In the New Zealand context, microplastic pollution has been 
documented in coastal environments, at remote locations in 
the Southern Alps, in urban streams and air, and in a number of 
wild fish populations.107 While the sources of these plastics – and 
how they make their way into the environment – remains poorly 
understood, a number of these studies identify microfibres 
derived from textiles and clothing as a significant component of 
the overall plastic flux. More research is needed, but it may be 
that a relatively simple ‘end of pipe’ solution – either targeting 
households or wastewater treatment plants – could capture at 
least some of the fibres derived from textiles and clothing before 
they enter the environment.

106	  �OECD, 2021; Thompson et al., 2024.
107	  �NIWA, 2021; Ghanadi et al., 2024; Aves et al., 2024; WAI Wanaka, 2024; ESR, 2023; Fan et al., 2022; Rotman, 2020; Clere et al., 2022.
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The insights presented in the previous chapters 
centre on the quantity of natural resources that 
make their way through the New Zealand economy 
each year. While this is crucial information, it tells 
us little about how these resource flows translate 
into environmental pressure. Detailed material- 
and place-specific studies would be needed to 
assess these environmental impacts quantitatively. 
However, by recognising that resource use and 
material flows are part of complex systems, we 
can explore the resulting environmental pressures 
through a qualitative lens. 

PCE engaged the consultancy Deliberate to better 
understand the key environmental pressures 
associated with the extraction, processing, use 
and disposal of natural resources in Aotearoa. 
Deliberate used a qualitative system dynamics 
approach for this work. This was informed by input 
from 12 experts selected by PCE based on their 
expertise across different environmental domains: 
nutrient losses, habitat loss, greenhouse gas 
emissions, plastic pollution, chemical releases, 
particulate matter and solid waste.108 

The work resulted in four causal diagrams that 
articulate feedback loops between resource 
use, material flows and the environment. The 
first causal diagram is an overview diagram 
that articulates the main feedback pathways 
influencing environmental pressures and their 
broader impacts. Three more detailed diagrams 
explore how resources and material flows lead 
to environmental pressures within the thematic 
areas of (1) plastics and the chemicals associated 
with them, (2) pharmaceutical use in humans and 
animals, and (3) water availability. Readers can 
view the diagrams and their detailed description in 
the consultant report.109

108	   �See Connolly and Fitzgerald (2024) for a detailed description of the methodological approach, including engagement with experts over the 
three sessions.

109	   Connolly and Fitzgerald, 2024. 

The process of conceptualising resource use 
and material flows using the system dynamics 
methodology provided valuable insights as an 
exercise in itself. The system dynamics approach 
usefully conceptualised how the New Zealand 
economy relies on natural resource use and 
how this use exercises pressure on the natural 
environment through complex feedback loops. We 
discuss these dynamics more thoroughly below to 
contextualise the key finding from this report.

How the New Zealand economy uses 
natural resources and exerts pressure 
on the environment 

New Zealanders use natural resources every 
day. They are the foundation of what underpins 
our societal wellbeing and quality of life. Natural 
resources provide us with food and shelter, 
heat our homes and move us around, provide 
recreational spaces and cultural identity, and so 
much more. However, the extraction, processing 
and use of these resources also creates an array 
of wastes and pollutants, many of which put 
substantial pressure on the environment. The 
resulting environmental change then has a range of 
impacts (direct and indirect) on the economy and 
our wellbeing. 

The assimilative capacity of the environment to 
absorb our society’s pollution and waste streams 
is limited. Once exceeded, it can seriously 
affect the ability of our renewable resources to 
regenerate, which is linked to our wellbeing. For 
example, a reduction in water quality in the marine 
environment can reduce ecosystem health and 
affect the ability of fish stocks to regenerate. 

From resource use to environmental 
harm: a system dynamics approach
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Importantly, many environmental systems 
experience delays and lags before the effects of 
pollution and wastes become apparent. When 
environmental impacts are finally detected, they 
may often only be the first indication of larger 
flow-on effects already underway but yet to fully 
present. This insight is an important demonstration 
of the value of conceptualising resource flows 
and environmental pressures – if we rely only 
on measurement, it is always retrospective (the 
impact is already here). 

Changes in the environment can also limit human 
and economic activity, and negatively affect 
human health. Resource use interacts with wider 
economic and human activity in complex ways. 
Environmental pressures are predominantly driven 
by these socio-economic dynamics, not the 
environment itself – the problem is us. 

Plastics provide a useful example. Rapid growth in 
plastic demand since the 1950s has led to more 
plastics in use (e.g. in the built environment or to 
assist food production). These plastics can leach 
various chemical additives, negatively affecting 
human health. Some of these health effects are 
known – for example, some plastics and/or their 
additives are carcinogenic, some disrupt the 
human endocrine function, and others are sources 
of systemic inflammation.110 From human use, 
these plastics and their additives have multiple 
ways of entering the environment and ultimately 
putting pressure on it, reducing ecosystem health.

110	  See Abril et al., 2020.
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Key finding: 
New Zealanders use 
three main strategies 
to reduce the impact 
of resource use on the 
environment – all three 
are technology-driven 
and have limitations.

Different ways to address some of the environmental impacts of 
our resource use have been developed. Three recurring strategies 
were identified within the three subject areas and the broader 
discussion among the experts. 

•	 Containment/capture of pollutants and wastes before they 
enter the natural environment.

•	 Substitution of one resource with a potentially less polluting 
one.

•	 Improved efficiency of existing resource uses.

There are several well-known success stories associated with 
each strategy. The development of modern wastewater treatment 
systems has greatly reduced the disposal of untreated human 
waste into the environment, along with the associated public 
health burden. Switching from chlorofluorocarbons (CFCs) to 
hydrofluorocarbons (HCFCs) has meant the ozone hole has started 
to decrease in size. The vastly improved efficiency of modern 
internal combustion engines has meant less carbon dioxide in the 
atmosphere than would otherwise have been the case. 

As we discuss further in the case studies below, however, none of 
these strategies are perfect, with each having the potential to result 
in complacency, burden shifting or rebound effects. 
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Containment and capture of  
pollutants and wastes before  
or as they enter the environment

The first strategy identified is the containment or 
capture of pollutants and wastes before or as they 
enter the environment to minimise their impact. This 
can include materials at their end of life, such as 
household waste going to landfill, or carbon capture 
and storage. This strategy is driven by human 
innovation and technology and has in many cases 
been highly successful in minimising contamination 
and the associated negative environmental and 
human health implications. The environmental risk 
arises when the capture or containment is imperfect 
– for example, leaky landfills – creating new or 
additional pressures on the natural environment, 
which need to be managed. 

Wastewater treatment plants (WWTPs) 
are another good example of capture and 
containment of wastes and pollutants. Again, 
this is imperfect as even state of the art facilities 
cannot remove all pollutants from wastewater. 
This can be illustrated through the example of 
pharmaceuticals entering the environment. 
People use pharmaceuticals every day, from 
contraceptives and basic painkillers, to drugs for 
managing major infections and diseases. Often, 
very little thought is given to whether and how 
pharmaceuticals enter the natural environment 
and what impacts this may have on natural 
resources. The reason, perhaps, for this lack of 
awareness is that we think of pharmaceutical use 
as contained – contained within our bodies, and if 
not by them, then contained by WWTPs or landfills. 
Pharmaceuticals used by people, however, can 
enter the environment in various ways where they 
cause environmental harm, e.g. on aquatic life.111 
Pharmaceuticals pass through people, both in 

111	  Kidd et al., 2007.
112	  �See WHO, 2012. Other paths into the environment exist, of course, e.g. when pharmaceuticals are incorrectly disposed of in household 

rubbish and are sent to landfill or when they are directly disposed of into the environment. Sludge from WWTP is also often moved to landfill 
where leakages into the environment may also occur. A lot of pharmaceuticals are also used in farm animals and pets, which have their own 
pathways into the environment. Some of these additional pathways are described in the Deliberate report, see Connolly and Fitzgerald, 2024.

113	  Ho et al., 2020.

unmetabolised and metabolised forms, and are 
then excreted and enter the wastewater system. 
WWTPs often do not manage to remove the whole 
parent compound or its metabolites completely. 
Thus, some pharmaceuticals flow on into the 
environment with the treated wastewater. In other 
cases, people incorrectly dispose of expired or 
unused pharmaceuticals by flushing them down 
the sink or toilet. This directly introduces them to 
the wastewater system, where they are similarly 
not fully removed before being released into the 
environment.112 

While wastewater treatment has become more 
sophisticated over time, it is imperfect. Even when 
best practice is followed, there is always potential 
for certain pollutants or contaminants to leak 
through filters and treatments, accumulating in 
the environment and subsequently becoming 
a source of future environmental pressures in 
the long term. In New Zealand, many WWTPs 
are old and may not be able to fully remove 
pharmaceuticals from wastewater before it is 
released into the environment. Sludge from WWTP 
is also often moved to landfill where leakages into 
the environment may also occur. The containment 
is imperfect. 

An example of imperfect containment is the 
compound 17α-ethinylestradiol (EE2), which 
is found in the contraceptive pill, menopausal 
hormone replacement therapy products, 
and treatments for various hormonal and 
gynaecological disorders. It is known as an 
endocrine-disrupting chemical (EDC). EDCs can 
disrupt the normal endocrine function of aquatic 
species at very low exposure levels. New Zealand 
WWTPs can, at most, remove 80–85% of EDCs.113 
EE2 has been identified in rivers around the world. 
It is well established that low concentrations 
of EE2, as they typically occur in aquatic 
environments, can disrupt the sexual development 



04 Insights

56

and reproductive performance of fish, at least 
under long-term exposure, and that this can 
translate into a population collapse, affecting the 
ability of this resource to renew.114 In addition, 
compounds such as EE2 can also interact in 
unpredictable ways with other compounds when 
entering the natural environment, creating new 
compounds that are commonly referred to as 
novel entities, which may entail unknown and 
unforeseen risks. 

Substitution of one resource with a 
potentially less polluting one

The second commonly used strategy is 
substituting a polluting resource with a potentially 
less polluting one to minimise the impact of an 
activity. A good and effective example of this is 
the replacement of ozone-depleting substances 
in refrigerants (such as CFCs and HCFCs) with 
‘greenfreeze’, which is neither ozone-depleting 
nor greenhouse gas emitting, greatly reducing 
the impact of refrigeration on the environment.115 
However, not all substitution attempts are as 
successful, and in some cases the substituting 
resource may prove just as harmful for the 
environment or exert new and different pressures 
in the longer term. 

Another example of chemical substitution can 
be observed with chemical additives in plastics. 
Plastic use in New Zealand has rapidly increased 
over recent decades, and as a result, plastic waste 
has become a pressing environmental issue (see 
also chapter four). To give plastic different types 
of properties, chemical additives are bound to 
it. These chemical additives move with plastics 
through the value chain. In addition to the harmful 
environmental impacts of plastics, the chemical 
additives can become separated from the plastic 

114	  Länge et al., 2001; Kidd et al., 2007; Schäfers et al., 2007. 
115	  Gschrey et al., 2018.
116	  See Hahladakis et al. 2018.
117	  For example, see Huang et al. 2020. 
118	  de Paula and Alves, 2024.
119	  Schonfelder et al., 2002; Vanderberg et al., 2010.
120	  EFSA 2023; EFSA 2024; FDA 2014; Lambré et al., 2023; Vom Saal and Vandenberg, 2021.
121	  Bisphenol B (BPB), bisphenol S (BPS), bisphenol F (BPF) and bisphenol AF (BPAF).
122	  Cano-Nicolau et al., 2016; Chen et al., 2016; Huang et al., 2020. 

polymers and enter the environment, where they 
can become a source of harm in their own right.116 
Leaching of chemicals can happen at various 
stages of the value chain, including while in use, 
while recycling or while being processed at a 
waste facility. Similar dynamics to pharmaceutical 
leaching apply here. This is well documented for 
certain chemicals, e.g. bisphenol A (BPA).117 

One way we have tried to address the harmful 
impacts of plastic use and its chemical additives 
is by substituting the problematic resource with 
a different one. BPA is a case in point. BPA is a 
well-known EDC. It has frequently been used 
in the production of plastic products. The high 
production volumes and disposal of these 
products have led to widespread dispersal of BPA 
into the environment. BPA can also leach out when 
plastic containers are used to store hot foods or 
liquids.118 BPA has been used so widely that it is 
not only present in the natural environment but 
has also been detected in blood, urine, maternal 
plasma, fetal plasma and placental tissue.119 
Its association with human diseases, such as 
diabetes and breast cancer, is contested.120 Today, 
BPA has been phased out from many plastic 
products and has been substituted with BPA 
analogues called BPB, BPS, BPF and BPAF, to 
achieve similar properties.121 However, subsequent 
studies have shown that BPB, BPS, BPF and BPAF 
show similar toxicities for the environment and 
humans as BPA and that they just as easily spread 
into the environment, food and the human body.122 
This is a classic example of how ‘today’s problems 
come from yesterday’s solutions’, which is a risk 
when we substitute materials. 
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There are thousands of chemical additives that 
are classified as hazardous or that do not have any 
hazard data available.123 We do not know how they 
interact with the environment or how they interact 
with each other once they enter the environment 
or while they are decomposing. There is a real 
risk that many of these chemicals are highly 
hazardous to the natural environment and human 
health. A recent report on planetary boundaries 
identified this risk from “truly novel anthropogenic 
introductions to [the] Earth system” as stemming 
from the lack of safety assessments for many of 
the chemicals currently in use.124 So, even when 
substituting one chemical additive with another 
one, in the absence of a comprehensive risk 
assessment, there is a real danger of creating new 
or cumulative pressures on environmental and 
human health. 

One of the most prominent examples of 
substitution is the invention of the plastic bag. 
Swedish engineer Sten Gustaf Thunlin invented the 
plastic bag, which was patented by the Swedish 
company Celloplast in 1965. The plastic bag 
quickly began to replace paper and cloth bags in 
Europe and then across the world.125 Anecdotally, 
Thunlin is said to have invented the plastic bag as a 
reusable substitute for the largely single-use paper 
bag, which was associated with deforestation 
across Europe. In the New Zealand setting, this 
trend is now being reversed, as single-use plastic 
bags have been phased out.126 

Improved efficiency of existing  
resource use 

The third strategy identified is improving the 
efficiency of an existing activity to minimise its 
impact. Through research and development, we 
can find alternative ways of doing the same thing 
but using less, therefore reducing our resource use 
and impact on nature. 

123	  Wagner et al., 2024.
124	  Richardson et al., 2023, p.6. 
125	  UNEP, 2021a. 
126	  See MfE, 2023b.
127	  Daalder, 2024.

In the agricultural sector across Aotearoa, the 
efficiency of irrigation water use is becoming an 
increasingly important topic. Climate change is 
shifting weather patterns, New Zealand is set 
to get hotter, and we are observing both more 
frequent and more intense droughts.127 This 
will put further pressure on water resources 
for primary production. In New Zealand, like 
elsewhere, the intensification of agricultural 
production has led to a greater effort to improve 
water use efficiency. This has been achieved 
through technological efficiency gains (e.g. more 
efficient irrigation equipment) or the introduction 
of crops and pastures with a lower water 
use profile (e.g. through cultivar selection or 
breeding). This, in turn, has led to increased water 
efficiency gains (a reduction in the water intensity 
of agricultural production), which has reduced 
agricultural water use. 

However, there are limits to these efficiency gains 
as additional efforts produce diminishing returns. 
This is because an activity that uses a resource 
(e.g. plants needing water) will always need that 
resource, no matter how efficient it becomes. 
As such, improvements in efficiency can reduce 
resource flows, but only to a point. For example, 
the move from border-dyke irrigation to sprinkler 
irrigation on many Canterbury dairy farms has 
drastically improved irrigation efficiency, however, 
there is a limit to further efficiency gains as pasture 
in Canterbury relies on irrigation. 

In some cases, these efficiency gains may induce 
a rebound effect and result in more of the resource 
being used (often referred to as ‘Jevon’s paradox’). 
Technical efficiency gains often result in changes 
in social expectations of what is possible from 
the more efficiently used resource, perversely 
resulting in more of the resource being used. In the 
case of water, improvements in terms of water use 
efficiency may lead to more production or more 
intensive production. In the case of irrigation, this 
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could mean that the efficiency gains made with 
irrigation equipment allow farmers to sow more 
pasture and stock more animals. As such, despite 
the efficiency improvements, no water is ‘saved’ or 
returned to the environment, as it is reused within 
the farming operation.128

Another prominent example of a rebound effect 
relates to energy use. As more energy-efficient 
technologies become available, their cost reduces 
and people tend to increase their consumption, 
which leads to an overall increase in energy use 
rather than energy conservation. For example, the 
improvements in the efficiency of air-conditioning 
have made this technology cheaper to produce 
and cheaper to run. Consequently, more people 
are installing air-conditioning units, and more 
people are running them for longer. As a result, the 
total amount of electricity to cool buildings has 
increased, even though individual air-conditioning 
units use less electricity.129 

Improving efficiency is crucial to reducing 
the impact of natural resource use on the 
environment. However, if we are to decouple 
wellbeing from resource use, we must pay close 
attention to the potential rebound effect of 
efficiency gains. 

128	 See Grafton et al., 2018.
129	 See Owen, 2010.
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This report marks the completion of the first phase 
of PCE’s work programme on natural resource use 
and waste generation.

Over the course of the last 18 months, we 
have compiled available data on the impacts 
of economic activity in New Zealand on the 
natural world. A range of data and knowledge 
gaps emerged in the process, and we have 
commissioned research to try and fill them. 
Together with research recently published 
by the Ministry of Business, Innovation and 
Employment,130 this has resulted in an improved 
picture of natural resource flows in New Zealand: 
where they originate, in what quantities, who 
consumes them, and how they ultimately 
emerge as waste. However, that picture remains 
incomplete on several fronts.

Water is the most important. As discussed in this 
research note and the earlier literature review, 
the total quantity of water used in New Zealand’s 
economy remains unknown. There is a lack of 
information regarding the amount of rainfall taken 
up directly by plants and pasture to support their 
growth. This information will become increasingly 
important in the future as climate change modifies 
precipitation patterns, potentially requiring more 
irrigation to support primary sector productivity.

Further, the amount of water abstracted each 
year in New Zealand is unknown. That is not 
due to insufficient monitoring – amendments to 
the Resource Management (Measurement and 
Reporting of Water Takes) Regulations in 2020 
mean that the vast majority of water takes are 
monitored in considerable detail. Rather, it reflects 
the difficulty of aggregating the large quantities 
of information collected by New Zealand’s 16 
regional and unitary councils to the national 
level. This limited understanding of water use 

130	  MBIE, 2024a.
131	  Plans to expand the monitoring regime to some of these operations were cancelled by the Government in late 2024 (MfE, 2024).

at the national level represents a major hole in 
our environmental understanding, one that PCE 
intends to pursue further in an upcoming report on 
emerging technologies. 

Solid waste is also problematic. As discussed 
in chapter three, only those waste operations 
undertaken by (or on behalf of) territorial 
authorities are required to report on the tonnages 
of materials being disposed of and recycled. Purely 
private operations – for example, metal scrap 
recycling at wreckers yards, office paper recycling, 
or recycling of construction and demolition waste 
– are not covered. For as long as that continues, 
New Zealand’s true recycling rates will be difficult 
to determine with any precision.131 

These issues aside, official statistics describing 
a wide range of resource and waste flows in 
New Zealand are generally of good quality. 
New Zealand Petroleum and Minerals maintains 
annual time series data on the quantity of metals, 
minerals and fossil fuels extracted domestically. 
The Ministry for Primary Industries does something 
similar for biomass production. Trade data 
published by Stats NZ are often denominated in 
weight as well as value terms. The Ministry for 
the Environment publishes data on greenhouse 
emissions and, more recently, on the quantity 
of solid waste that is sent to (and diverted from) 
landfill each year. 

The estimates of New Zealand’s production-
based resource use and circular material use rate 
(CMUR) presented in this report result immediately 
from the compilation of this information. While 
both indicators are far from perfect and are 
currently only snapshots in time (2019/20), they 
could be easily updated on a regular basis if the 
underlying data was available in one place.

A recommendation
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A range of use cases exist for such a 
platform. One is natural capital adjusted 
productivity analysis, which is only possible 
with time series data describing capital, 
labour and natural resource inputs. Another 
is circularity analysis, which requires data 
on resource flows into the economy and 
waste flows out of it. A third is state of 
environment reporting, where information 
about environmental pressures (e.g. waste 
generation) is arguably just as important as 
resulting changes in environmental state. 
Perhaps most importantly though, having a 
single platform that describes the physical 
flows from the environment to the economy 
(and vice versa) would provide a sounder 
basis for evaluating the overall sustainability 
of New Zealand’s economic system. 

With these issues in mind, there is clear 
value in New Zealand establishing – and 
regularly updating – a national material 
flows platform that brings together 
information on resource extraction, 
trade and waste flows in one place. 
This need not be an overly onerous or 
expensive exercise. In its simplest form, 
such a platform could simply draw together 
already existing data on domestic resource 
extraction, physical trade and waste flows. 
Stats NZ would be well placed to lead such 
an exercise, particularly given its recent 
interest in better integrating environmental 
and economic statistics.132 However, the 
various data issues relating to waste and 
water would need to be addressed for 
Stats NZ to produce a comprehensive 
assessment of resource flows.

132	   Stats NZ, 2024b.
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What next?
The focus of PCE’s work on resource use and 
waste generation will now turn to the future. The 
main objective being to assess how New Zealand’s 
resource use and waste generation might 
evolve over the next few decades, and what 
environmental risks might emerge as a result.

The work programme will include two main 
strands. The first is quantitative and will generate 
projections of how New Zealand’s resource and 
(to the extent possible) waste footprints are likely 
to change if mainstream projections of economic 
growth, demographic trends, technological change 
and other drivers come to pass. This work will 
be undertaken within a computerised general 
equilibrium (CGE) framework similar to that used 
for the OECD’s Global Material Resources Outlook 
and Global Plastics Outlook, and the International 
Resource Panel’s Global Resources Outlook.

The second strand is qualitative and will use 
strategic foresight tools to build on the modelling 
work. Considering the projections generated by the 
CGE model as well as other data and evidence, 
this strand will consider how multiple drivers come 
together to shape a broader range of futures than 
just the business-as-usual one mentioned above. 
Qualitatively exploring alternative scenarios will 
allow us to explore relationships and trends for 
which we do not have numerical data, including 
shocks and discontinuities, motivations, values 
and behaviour. 

While this work programme is now well advanced, 
the Commissioner would welcome any feedback 
or suggestions on the direction it is taking. The 
future of resource use and waste generation is 
inherently uncertain, and hearing from a diverse 
range of perspectives will help us to make sense of 
the factors that are likely to be important. 



63

References
Abril, C., Santos, J.L., Martín, J., Aparicio, I. and Alonso, E., 2020. Occurrence, fate and 
environmental risk of anionic surfactants, bisphenol A, perfluorinated compounds and personal 
care products in sludge stabilization treatments. Science of the Total Environment, 711: 135048.

Aves, A., Ruffell, H., Evangeliou, N., Gaw, S. and Revell, L.E., 2024. Modelled sources of airborne 
microplastics collected at a remote Southern Hemisphere site. Atmospheric Environment, 325: 
120437.

Birkbeck, C.D., Barrowclough, D., Sugathan, M., Bellmann, C. and Rodrigues, L. S. C., 2023. Trends 
in trade flows across the life cycle of plastics: preliminary review. https://lyrical-cormorant.files.
svdcdn.com/production/assets/images/Publications/TESS-Briefing-Note-Trends-in-Trade-Flows-
Across-the-Life-Cycle-of-Plastics-Preliminary-Review.pdf?dm=1694075426 [accessed 7 April 
2025]. 

Booker, D. and Henderson, R., 2019. National water allocation statistics for environmental 
reporting; 2018. https://environment.govt.nz/assets/Publications/Files/national-water-allocation-
statistics.pdf [accessed 4 April 2025]. 

Booker, D., Rajanayaka, C., Smith, R., Yang, J. and Kees, L., 2024. Assessment of freshwater 
quantity allocation and use: Analysis of current state, stocktake of data availability and 
recommendations as of 2024. Christchurch: National Institute of Water and Atmospheric 
Research. 

Boston Consulting Group, 2022. The future is electric: A decarbonisation 
roadmap for New Zealand’s electricity sector. https://web-assets.bcg.com/
b3/79/19665b7f40c8ba52d5b372cf7e6c/the-future-is-electric-full-report-october-2022.pdf 
[accessed 17 March 2025].

Cameron, N.A. and Peer, R.A.M., 2025. Quantifying water use in New Zealand’s dairy food system: 
A baseline for future sustainability. Agricultural Systems, 225: 104272.

Cano-Nicolau, J., Vaillant, C., Pellegrini, E., Charlier, T.D., Kah, O. and Coumailleau, P., 2016. 
Estrogenic effects of several BPA analogs in the developing zebrafish brain. Frontiers in 
Neuroscience, 10:112.

Chen, D., Kannan, K., Tan, H., Zheng, Z., Feng, Y.-L., Wu, Y. and Widelka, M., 2016. Bisphenol 
analogues other than BPA: Environmental occurrence, human exposure, and toxicity – a review. 
Environmental Science & Technology, 50(11): 5438–5453.

Circle Economy, 2023. The Circularity Gap Report 2023. https://www.circularity-gap.world/2023 
[accessed 5 February 2025].

Clere, I.K., Ahmmed, F., Remoto, P.I.J.G., Fraser-Miller, S.J., Gordon, K.C., Komyakova, V. and 
Allan, B.J.M., 2022. Quantification and characterization of microplastics in commercial fish from 
southern New Zealand. Marine Pollution Bulletin, 184: 114121.

Climate Change Commission (CCC), 2024. Modelling and data: Consultation on emissions 
reduction target and emissions budgets. https://www.climatecommission.govt.nz/our-work/
advice-to-government-topic/preparing-advice-on-emissions-budgets/advice-on-the-fourth-
emissions-budget/modelling-and-data-consultation-on-emissions-reduction-target-and-
emissions-budgets/ [accessed 5 February 2025].



64

Commonwealth Scientific and Industrial Research Organisation (CSIRO), 2024. Technical annex 
for the Global Material Flows Database. https://www.resourcepanel.org/sites/default/files/irp_
technical_annex_global_material_flows_database.pdf [accessed 7 April 2024]. 

Connolly, J.D. and Fitzgerald, W. 2024. Conceptualising environmental risks associated with the 
extraction, processing, use, and disposal of natural resources. Hamilton, New Zealand: Deliberate.

Daalder, M., 2024. Three maps that reveal NZ’s climate future. Newsroom, 23 September 2024. 
https://newsroom.co.nz/2024/09/23/three-maps-that-reveal-nzs-climate-future/ [accessed 18 
March 2025].

de Paula, L.C.P. and Alves, C., 2024. Food packaging and endocrine disruptors. Jornal de Pediatria, 
100: S40–S47.

Drewry, J., Thompson-Morrison, H. and Cavanagh, J., 2025. Impact of primary sector activities on 
soil resources. Palmerston North: Manaaki Whenua Landcare Research. 

EFSA 2024: Bisphenol A. European Food Safety Authority. https://www.efsa.europa.eu/en/topics/
topic/bisphenol [accessed 25 March 2025].

EFSA 2023: Bisphenol A in food is a health risk. European Food Safety Authority. https://www.efsa.
europa.eu/en/news/bisphenol-food-health-risk [accessed 25 March 2025].

Ellen MacArthur Foundation, 2025. Measurement and reporting for the circular 
economy. https://www.ellenmacarthurfoundation.org/topics/measurement/
overview?_gl=1*1gza8tp*_up*MQ..*_ga*MjEzNzI2Njg1LjE3Mjg1MTQyMDA.*_ga_
V32N675KJX*MTcyODUxNDE5OC4xLjAuMTcyODUxNDE5OC4wLjAuMA [accessed 5 February 2025].

ESR, 2023. Whau: Plastics and Te Wai Whau, Tāmaki Makaurau-Auckland. https://www.esr.cri.
nz/digital-library/whau-plastics-and-te-wai-whau-tamaki-makaurau-auckland/ [accessed 5 
February 2025].

Eunomia, 2021. Waste and resource recovery infrastructure and services stocktake. https://
environment.govt.nz/assets/publications/Waste-and-resource-recovery-infrastructure-and-
services-stocktake.pdf [accessed 7 April 2025]. 

European Commission, 2023. Communication from the Commission to the European Parliament, 
the Council, the European Economic and Social Committee and the Committee of the Regions on 
a revised monitoring framework for the circular economy. https://eur-lex.europa.eu/legal-content/
EN/TXT/PDF/?uri=CELEX:52023DC0306 [accessed 7 April 2025]. 

Eurostat, 2018a. Circular material use rate calculation method. https://ec.europa.eu/
eurostat/documents/3859598/9407565/KS-FT-18-009-EN-N.pdf/b8efd42b-b1b8-41ea-aaa0-
45e127ad2e3f?t=1543310039000 [accessed 4 April 2025]. 

Eurostat, 2018b. Economy-wide material flow accounts handbook. https://ec.europa.eu/
eurostat/documents/3859598/9117556/KS-GQ-18-006-EN-N.pdf/b621b8ce-2792-47ff-9d10-
067d2b8aac4b?t=1537260841000 [accessed 4 April 2025]. 

Fan, W., Salmond, J.A., Dirks, K.N., Cabedo Sanz, P., Miskelly, G.M. and Rindelaub, J.D., 2022. 
Evidence and mass quantification of atmospheric microplastics in a coastal New Zealand city. 
Environmental Science and Technology, 56(24): 17556–17568.

FDA 2014: Bisphenol A (BPA): Use in Food Contact Application. U.S. Food & Drug Administration. 
https://www.fda.gov/food/food-packaging-other-substances-come-contact-food-information-
consumers/bisphenol-bpa-use-food-contact-application [accessed 25 March 2025]



65

Fix, B., 2019. Dematerialization through services: Evaluating the evidence dematerialization 
through services: The rationale.https://bnarchives.net/id/eprint/589/2/20190000_fix_
dematerialization_through_services_preprint.pdf [accessed 7 April 2025]. 

Food and Agriculture Organization of the United Nations (FAO), 2025. FAOSTAT. https://www.fao.
org/faostat/en/#home [accessed 26 February 2025].

Ghanadi, M., Joshi, I., Dharmasiri, N., Jaeger, J.E., Burke, M., Bebelman, C., Symons, B. and 
Padhye, L.P., 2024. Quantification and characterization of microplastics in coastal environments: 
Insights from laser direct infrared imaging. Science of the Total Environment, 912: 168835.

Goddin, J. and Moraga, G., 2024. Impacts of circular approaches on emissions, jobs, and other 
factors. https://www.mbie.govt.nz/dmsdocument/28471-impacts-of-circular-approaches-on-
emissions-jobs-and-other-factors [accessed 7 April 2025].

Goldman, E., Weisse, M.J., Harris, N. and Schneider, M., 2020. Estimating the role of 
seven commodities in agriculture-linked deforestation. https://files.wri.org/d8/s3fs-public/
estimating-role-seven-commodities-agriculture-linked-deforestation.pdf?_gl=1*1yhu6x1*_gcl_
au*MTg5MjI4Nzc3NS4xNzQzNzA3MTEx [accessed 7 April 2025]. 

Grafton, R.Q., Williams, J., Perry, C.J., Molle, F., Ringler, C., Steduto, P., Udall, B., Wheeler, 
S.A., Wang, Y., Garrick, D. and Allen, R.G., 2018. The paradox of irrigation efficiency. Science, 
361(6404): 748–750.

Gschrey, B., Müller, N. and Hartwig, F., 2018. 25 years of Greenfreeze: a fridge that changed the 
world. Bonn: Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) Gmbh. 

Hahladakis, J.N., Velis, C.A., Weber, R., Iacovidou, E. and Purnell, P., 2018. An overview of 
chemical additives present in plastics: Migration, release, fate and environmental impact during 
their use, disposal and recycling. Journal of Hazardous Materials, 344: 179–199.

Hall, D., Sahng, J. and Thorn, D., 2024. Watt now? Electricity means efficiency. https://www.
rewiring.nz/watt-now/electricity-means-efficiency#infographic [accessed 5 February 2025].

Herath, I., Green, S., Singh, R., Horne, D., van der Zijpp, S. and Clothier, B., 2013. Water footprinting 
of agricultural products: a hydrological assessment for the water footprint of New Zealand’s wines. 
Journal of Cleaner Production, 41: 232–243.

Higham, C.D., Singh, R. and Horne, D.J., 2024. The water footprint of pastoral dairy farming: The 
effect of water footprint methods, data sources and spatial scale. Water, 16(3): 391.

Ho, I., Coffin, A., Bennet, J., Hall, G. and Shaw R., 2020. The New Zealand Wastewater Sector. 
Prepared for Ministry of the Environment. GHD: Wellington.

Huang, Z., Zhao, J.-L., Yang, Y.-Y., Jia, Y.-W., Zhang, Q.-Q., Chen, C.-E., Liu, Y.-S., Yang, B., Xie, 
L. and Ying, G.-G., 2020. Occurrence, mass loads and risks of bisphenol analogues in the Pearl 
River Delta region, South China: Urban rainfall runoff as a potential source for receiving rivers. 
Environmental Pollution, 263: 114361.

Hubacek, K., Chen, X., Feng, K., Wiedmann, T. and Shan, Y., 2021. Evidence of decoupling 
consumption-based CO2 emissions from economic growth. Advances in Applied Energy, 4: 100074.

Intergovernmental Panel on Climate Change (IPCC), 2010. Guidance note for lead authors of the 
IPCC Fifth Assessment Report on consistent treatment of uncertainties. IPCC Cross-Working 
Group Meeting on Consistent Treatment of Uncertainties. Jasper Ridge, CA: USA.



66

International Energy Agency, 2024. Global Critical Minerals Outlook 2024. https://
iea.blob.core.windows.net/assets/ee01701d-1d5c-4ba8-9df6-abeeac9de99a/
GlobalCriticalMineralsOutlook2024.pdf [accessed 7 April 2025]. 

International Resource Panel (IRP), 2024. Global Resources Outlook 2024. https://www.
resourcepanel.org/reports/global-resources-outlook-2024 [accessed 7 April 2025]. 

Joy, M., 2023. Growth; green, black or de-? https://www.degrowth.nz/blog/growth-green-black-or-
de-mike-joy [accessed 5 February 2025].

Kidd, K.A., Blanchfield, P.J., Mills, K.H., Palace, V.P., Evans, R.E., Lazorchak, J.M. and Flick, R.W., 
2007. Collapse of a fish population after exposure to a synthetic estrogen. Proceedings of the 
National Academy of Sciences, 104(21): 8897–8901.

Lambré, C., Barat Baviera, J. M., Bolognesi, C., Chesson, A., Cocconcelli, P. S., Crebelli, R., Gott, 
D. M., Grob, K., Lampi, E., Mengelers, M., Mortensen, A., Rivière, G., Steffensen, L., Tlustos, C., 
Vernis, L., Zorn, H., Batke, M., Bignami, M., Corsini, E., . . . Loveren, H. V. (2023). Re-evaluation of 
the risks to public health related to the presence of bisphenol A (BPA) in foodstuffs. EFSA Journal, 
21(4), e06857. 

Länge, R., Hutchinson, T.H., Croudace, C.P., Siegmund, F., Schweinfurth, H., Hampe, P., Panter, 
G.H. and Sumpter, J.P., 2001. Effects of the synthetic estrogen 17α-ethinylestradiol on the life-
cycle of the fathead minnow (Pimephales promelas). Environmental Toxicology and Chemistry, 
20(6): 1216.

Mekonnen, M.M. and Hoekstra, A.Y., 2011. The green, blue and grey water footprint of crops and 
derived crop products. Hydrology and Earth System Sciences, 15(5): 1577–1600.

Miatto, A., Schandl, H. and Dowse, J., 2024. Australian material flow analysis to progress 
to a circular economy. https://research.csiro.au/circulareconomy/wp-content/uploads/
sites/303/2024/03/24-00034_ENV_REPORT_MaterialFlowAnalysisToCircularEconomy_
WEB_240305-2.pdf [accessed 7 April 2025]. 

Ministry for the Environment (MfE), 2020. Regulatory Impact Statement – Action for healthy 
waterways Part II: Detailed analysis. Wellington: MfE.

Ministry for the Environment (MfE), 2021. Measuring and reporting water takes: A guide for consent 
holders. Wellington: MfE.

Ministry for the Environment (MfE), 2023a. Guidance on plastic products banned from October 
2022. https://environment.govt.nz/publications/plastic-products-banned-from-october-
2022/#plastic-products-banned [accessed 5 February 2025].

Ministry for the Environment (MfE), 2023b. Guidance on single-use plastic products banned or 
phased out from July 2023. https://environment.govt.nz/publications/plastic-products-banned-
from-july-2023/ [accessed 5 February 2025].

Ministry for the Environment (MfE), 2024. Update on waste policies. https://environment.govt.nz/
news/update-on-waste-policies/ [accessed 5 February 2025].

Ministry for the Environment (MfE), 2025a. Priority product stewardship. https://environment.
govt.nz/what-government-is-doing/areas-of-work/waste/product-stewardship/priority-product-
stewardship/ [accessed 5 February 2025].

Ministry for the Environment (MfE), 2025b. Waste facilities and disposal. https://environment.govt.
nz/facts-and-science/waste/waste-statistics/ [accessed 5 February 2025].



67

Ministry for Primary Industries (MPI), 2025a. Estimates of dry matter intake [Unpublished dataset]. 
Wellington: MPI.

Ministry for Primary Industries (MPI), 2025b. Historical catch data [Unpublished dataset]. 
Wellington: MPI.

Ministry for Primary Industries (MPI), 2025c. Wood processing data. https://www.mpi.govt.nz/
forestry/forest-industry-and-workforce/forestry-wood-processing-data/wood-processing-data/ 
[accessed 26 February 2025].

Ministry of Business, Innovation and Employment (MBIE), 2024a. Circular economy and 
bioeconomy. https://www.mbie.govt.nz/business-and-employment/economic-development/
circular-economy-and-bioeconomy [accessed 5 February 2025].

Ministry of Business, Innovation and Employment (MBIE), 2024b. Oil statistics. https://www.mbie.
govt.nz/building-and-energy/energy-and-natural-resources/energy-statistics-and-modelling/
energy-statistics/oil-statistics [accessed 5 February 2025].

Ministry of Business, Innovation and Employment (MBIE), 2025. Minerals Strategy for New Zealand 
and Critical Minerals List launched. https://www.mbie.govt.nz/about/news/minerals-strategy-for-
new-zealand-and-critical-minerals-list-launched [accessed 5 February 2025].

Ministry of Transport, 2024. Fleet statistics. https://www.transport.govt.nz/statistics-and-insights/
fleet-statistics/sheet/light-motor-vehicle-registrations [accessed 5 February 2025].

National Institute of Water and Atmospheric Research (NIWA), 2021. Study discovers 
microplastics in New Zealand’s seabed. https://niwa.co.nz/news/study-discovers-microplastics-
new-zealands-seabed [accessed 5 February 2025].

New Zealand Petroleum and Minerals, 2024. Minerals statistics. https://www.nzpam.govt.nz/nz-
industry/nz-minerals/minerals-statistics [accessed 5 February 2025].

New Zealand Steel, 2024. The mining operation. https://www.nzsteel.co.nz/sustainability/our-
environment/ the-mining-operation/ [accessed 2 February 2024].

Northey, S., Mohr, S., Mudd, G.M., Weng, Z. and Giurco, D., 2014. Modelling future copper ore 
grade decline based on a detailed assessment of copper resources and mining. Resources, 
Conservation and Recycling, 83: 190–201.

O’Farrell, K., Harney, F. and Stovell, L., 2022. Australian Plastics Flows and Fates Study 2020–21 
– National report. https://www.dcceew.gov.au/sites/default/files/documents/apff-national-
report-2020-21.pdf [accessed 7 April 2025].

Organisation for Economic Co-operation and Development (OECD), 2015. Material resources, 
productivity and the environment. Paris: OECD (OECD Green Growth Studies).

Organisation for Economic Co-operation and Development (OECD), 2021. Policies to reduce 
microplastics pollution in water. Paris: OECD.

Office of the Prime Minister’s Chief Science Advisor (PMCSA), 2019. Rethinking plastics in 
Aotearoa New ealand. Wellington: Office of the PMCSA.

Owen, D., 2010. The efficiency dilemma. The New Yorker, 12 December 2010. https://www.
newyorker.com/magazine/2010/12/20/the-efficiency-dilemma [accessed 18 March 2025].

Palairet, N., Archibald, K. and Satur, D., 2024. Aotearoa New Zealand’s renewable energy 
transition: Critical mineral & metals demand. Wellington: Aurecon. 



68

Parliamentary Commissioner of Environment (PCE), 2024. Resource use and waste generation in 
Aotearoa New Zealand: A literature review. Wellington: PCE.

Pothen, F. and Welsch, H., 2019. Economic development and material use. Evidence from 
international panel data. World Development, 115: 107–119.

Reserve Bank of New Zealand (RBNZ), 2024. Overseas trade (M8). https://www.rbnz.govt.nz/
statistics/series/economic-indicators/overseas-trade [accessed 5 February 2025].

Richardson, K., Steffen, W., Lucht, W., Bendtsen, J., Cornell, S.E., Donges, J.F., Drüke, M., Fetzer, 
I., Bala, G., von Bloh, W., Feulner, G., Fiedler, S., Gerten, D., Gleeson, T., Hofmann, M., Huiskamp, 
W., Kummu, M., Mohan, C., Nogués-Bravo, D., Petri, S., Porkka, M., Rahmstorf, S., Schaphoff, S., 
Thonicke, K., Tobian, A., Virkki, V., Wang-Erlandsson, L., Weber, L. and Rockström, J., 2023. Earth 
beyond six of nine planetary boundaries. Science Advances, 9(37): eadh2458.

Rotman, V., 2020. Microplastic contamination in wild hoki, and effects of ingestion in snapper. 
https://researchspace.auckland.ac.nz/items/2affd169-3c80-4ca8-a744-67ad89ea4efa [accessed 
7 April 2025]. 

Sage, E., 2020. Government to regulate environmentally harmful plastic packaging, tyres, e-waste. 
https://www.beehive.govt.nz/release/government-regulate-environmentally-harmful-plastic-
packaging-tyres-e-waste [accessed 5 February 2025].

Schäfers, C., Teigeler, M., Wenzel, A., Maack, G., Fenske, M. and Segner, H., 2007. Concentration- 
and time-dependent effects of the synthetic estrogen, 17α-ethinylestradiol, on reproductive 
capabilities of the zebrafish, Danio rerio. Journal of Toxicology and Environmental Health, Part A, 
70(9): 768–779.

Schandl, H., Fischer-Kowalski, M., West, J., Giljum, S., Dittrich, M., Eisenmenger, N., Geschke, 
A., Lieber, M., Wieland, H., Schaffartzik, A., Krausmann, F., Gierlinger, S., Hosking, K., Lenzen, M., 
Tanikawa, H., Miatto, A. and Fishman, T., 2018. Global material flows and resource productivity: 
Forty years of evidence. Journal of Industrial Ecology, 22(4): 827–838.

Schonfelder, G., Wittfoht W., Hopp, H., Talsness, C.E., Paul, M., Chahoud, I., 2002 Parent 
bisphenol A accumulation in the human maternal-fetal-placental unit. Environmental Health 
Perspective 110(11):A703-7.

Seibert, M.K. and Rees, W.E., 2021. Through the eye of a needle: An eco-heterodox perspective on 
the renewable energy transition. Energies, 14(15): 4508.

Sense Partners, 2024. Demand for raw materials in New Zealand: A macro view. Wellington: Sense 
Partners. 

Stats NZ, no date-a. Infoshare: Agriculture – Variable by Total New Zealand (Annual–Jun) [Dataset]. 
https://infoshare.stats.govt.nz/ [accessed 28 March 2025].

Stats NZ, no date-b. Infoshare: Series, GDP(P), Chain volume, Actual, Total (Annual–Mar) [Dataset]. 
https://infoshare.stats.govt.nz/ [accessed 28 March 2025].

Stats NZ, no date-c. Infoshare: Building consents by territorial authority (Annual – Dec) [Dataset]. 
https://infoshare.stats.govt.nz/ [accessed 15 March 2025].

Stats NZ, no date-d. Infoshare: Series, GDP(E), Nominal, Actual, Total (Annual–Mar) [Dataset]. 
https://infoshare.stats.govt.nz/ [accessed 28 March 2025].

Stats NZ, no date-e. Infoshare: GDP(E), Nominal, Actual, Household FCE by type (Annual–Mar) 
[Dataset]. https://infoshare.stats.govt.nz/ [accessed 28 March 2025].



69

Stats NZ, 2014. Annual national accounts sources and methods. Wellington: Stats NZ.

Stats NZ, 2021. National accounts input-output tables: year ended March 2020. https://
www.stats.govt.nz/information-releases/national-accounts-input-output-tables-year-ended-
march-2020 [accessed 5 February 2025].

Stats NZ, 2024a. Overseas merchandise trade datasets. https://www.stats.govt.nz/large-datasets/
csv-files-for-download/overseas-merchandise-trade-datasets [accessed 7 February 2024].

Stats NZ, 2024b. Proposed topic and scope of the 2026 long-term insights briefing: Consultation. 
https://www.stats.govt.nz/consultations/proposed-topic-and-scope-of-the-2026-long-term-
insights-briefing-consultation/#consultation-document [accessed 5 February 2025].

Stoner, D., Chamley, D., Wilson, D., Hilton, M. and Norton, S., 2024. Plastics in complex finished 
products and packaging. Auckland: Eunomia Research & Consulting. 

Thompson, R.C., Courtene-Jones, W., Boucher, J., Pahl, S., Raubenheimer, K. and Koelmans, 
A.A., 2024. Twenty years of microplastic pollution research – what have we learned? Science, 
386(6720): eadl2746.

Transpower, 2020. Whakamana i Te Mauri Hiko - Empowering our Energy Future. Transpower 
New Zealand Ltd.

United Nations Environment Programme (UNEP), 2021a. From birth to ban: A history of the plastic 
shopping bag. https://www.unep.org/news-and-stories/story/birth-ban-history-plastic-shopping-
bag [accessed 18 November 2024].

United Nations Environment Programme (UNEP), 2021b. The use of natural resources in the 
economy: a global manual on economy-wide material flow accounting. Nairobi: United Nations 
Environment Programme.

United Nations Environment Programme (UNEP), 2024. Global Material Flows Database. https://
www.resourcepanel.org/global-material-flows-database [accessed 2 February 2024].

Vandenberg, L.N., Chahoud, I., Heindel, J.J., Padmanabhan, V., Paumgartten, F.J.R., Schoenfelder, 
G., 2010. Urinary, circulating, and tissue biomonitoring studies indicate widespread exposure to 
bisphenol A. Environmental Health Perspective 118(8):1055-70.

Vom Saal, F. S., & Vandenberg, L. N., 2021. Update on the Health Effects of Bisphenol A: 
Overwhelming Evidence of Harm. Endocrinology, 162(3).

Wagner, M., Monclús, L., Arp, H.P.H., Groh, K.J., Løseth, M.E., Muncke, J., Wang, Z., Wolf, R. and 
Zimmermann, L., 2024. State of the science on plastic chemicals: Identifying and addressing 
chemicals and polymers of concern. Trondheim: Norway PlastChem Project.

WAI Wanaka, 2024. A teeny tiny truth. https://waiwanaka.nz/actions/a-teeny-tiny-truth/#ttt_
updates [accessed 5 February 2025].

Wang, S., Cook, P. and Lloyd, J., 2024. Metals for the future: What minerals will the US need for 
clean technologies? https://thebreakthrough.imgix.net/What-Minerals-Might-the-U.S.-Need-to-
Decarbonize__v2.pdf [accessed 7 April 2025]. 

White, D. and Winchester, N., 2023. The plastic intensity of industries in the USA: The devil wears 
plastic. Environmental Modeling and Assessment, 28(1): 15–28.

Wiedmann, T.O., Schandl, H., Lenzen, M., Moran, D., Suh, S., West, J. and Kanemoto, K., 2015. 
The material footprint of nations. Proceedings of the National Academy of Sciences of the United 



70

States of America, 112(20): 6271–6276.

World Bank, 2024. Services, value added (% of GDP) – OECD members, United States, United 
Kingdom, New Zealand. https://data.worldbank.org/indicator/NV.SRV.TOTL.ZS?locations=OE-US-
GB-NZ [accessed 5 February 2025].

International Copper Association, 2022. The importance of recycling. https://internationalcopper.
org/wp-content/uploads/2022/02/ICA-RecyclingBrief-202201-A4-R2.pdf [accessed 7 April 2025].

World Copper Ltd, 2023. Building the next generation of sustainable copper mines in safe 
jurisdictions. https://worldcopperltd.com/wp-content/uploads/2023/12/WorldCopper-Winter-
2023-Dec_1.pdf [accessed 7 April 2025]. 

World Health Organization (WHO), 2012. Pharmaceuticals in drinking-water. Geneva: WHO.

Zonderland-Thomassen, M.A. and Ledgard, S.F., 2012. Water footprinting – A comparison of 
methods using New Zealand dairy farming as a case study. Agricultural Systems, 110: 30–40.


