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INTRODUCTION
Seniors Climate Action Network, or SCAN for short, is a group of citizens in Dunedin who are concerned about the current
lack of action to mitigate the impact of climate change in New Zealand. We want to leave behind us a better legacy for
our grandchildren than the one which is currently developing.
Our submission puts forward the case for Net Zero Emissions by 2030 in New Zealand and provides a comprehensive
list of actions that New Zealand should adopt to achieve this. We need to mitigate the impact of climate change by
transitioning from fossil fuels to renewable energy and infrastructure as soon as possible. For many New Zealanders,
targeting Net Zero Emissions by 2030 is a big ask. This submission provides a detailed argument backed up by evidence
why we need to do this.
We do not claim to be experts in climate change mitigation nor experts on how to undertake a necessary transition.
However, what we have been careful to do in our submission is to base our reasons for achieving Bet Zero Emissions
by 2030 on reliable sources of information. In other words, the most up to date peer reviewed publications published in
top ranking international journals and reputable research organisations such as the International Panel on Climate
Change and the United Nations.

PLANETARY BOUNDARIES
Johan Rockström and colleagues (2009) identified 10 planetary boundaries which must not be exceeded in order to
ensure a sustainable future for life on Earth.

Figure 1: Planetary Boundaries (Rockström et al. 2009)
These boundaries include climate change, ocean acidification, ozone depletion, the nitrogen cycle, the phosphorous
cycle, freshwater use, deforestation, biodiversity loss, particle pollution, and chemical pollution. These boundaries are
interlinked, and crossing certain biophysical thresholds can have disastrous consequences for humanity. Human activity
has the potential to overshoot the threshold of all these planetary boundaries.
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In Figure 2, the zones of planetary boundaries which are safe are coloured green, those subject to uncertain but
increasing risk are coloured yellow, and those subject to high risk beyond uncertainty are coloured red.

Figure 2: Planetary Boundaries Zones of Risk (Steffen et al. 2015)
The safe thresholds of three of the planetary boundaries – genetic diversity, flows of phosphorous, and flows of nitrogen
– have already been well exceeded. A critical boundary is phosphorous which is essential as a nutrient for all life forms.
Climate change is in a zone of uncertain increasing risk and is but one of many symptoms of overshoot. Continued
climate change exacerbates the overshoot of several other planetary boundaries. Mathis Wackernagel and colleagues
(2021) researched the ecological footprint of humans and estimated that in 2020, the demand of humans on biological
resources exceeded the amount that Earth’s ecosystems produce by at least 56%.

EXPONENTIAL GROWTH IN WORLD POPULATION
Figure 3 shows the exponential growth in the world population since 10,000 BCE. The current world population in 2021
is 7.9 billion (Our World in Data 2021). In recent years, we have been adding about 80 million people to the world
population every year. The most rapid growth rate in the world population occurred in the 1950s and 1960s peaking at
2.1% per year in 1971.
The increase in the rate of population growth from the 1950s to the 1970s was enabled by the green agricultural revolution
when traditional farming practices were replaced by artificial fertilisers, pesticides, and farm machinery. Howard Odum
(1971) pointed out that populations back then were effectively eating oil. This is even more so the case today with
subsequent increases in the lengths of supply chains from the farm gate to the plate of each consumer due to the
increase in globalisation of food production.
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Figure 3: Exponential Growth in World Population (Our World in Data 2021)

EXPONENTIAL GROWTH IN GDP
GDP was not originally designed to be an indicator of welfare (Wikipedia – GDP). Instead, GDP is a measure of economic
activity in an economy both good or bad, and it has grown exponentially since the start of the industrial revolution and
the use of coal in steam engines.

Figure 4: Exponential Growth in GDP (Our World in Data 2021)
Growth in GDP accelerated with the discovery and drilling of oil fields in the late 1800s (Hall & Klitgaard 2018).
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EXPONENTIAL GROWTH IN GDP PER CAPITA
GDP per capita has also grown exponentially since the start of the industrial revolution. The most rapid rate of growth in
GDP per capita shown in green has been in the United States, Canada, Australia, and New Zealand. The rate of growth
in the average world GDP per capita shown in black has been much slower.

Figure 5 Exponential Growth in GDP per Capita (Our World in Data 2021)

CONSUMPTION OF FOSSIL FUELS
Economic growth has been possible due to the exploration, mining, and drilling of fossil fuels (Hall & Klitgaard 2018). As
much fossil fuel energy used from 1800 until 1990, a period of 190 years, was used over a 30-year period from 1990
until 2020. Advocates of economic growth currently target a continued economic growth rate of 3% per year. This
exponential rate of growth would require the use of as much energy as has been used since 1800 until 2021 over the
next 24 years.
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Figure 6: Consumption of Fossil Fuels (Our World in Data 2021)

DECOUPLING GDP FROM ENERGY
Proponents of what has been named “green growth” argue that technological progress and structural change will enable
a decoupling of natural resources consumption and environmental impacts from economic growth. Parrique and
colleagues (2019) have debunked the extent that decoupling has taken place in some countries in a comprehensive 872page publication. Many claims do not take into account the embodied energy of goods imported from another country.
Relative decoupling of GDP from energy and materials is possible, but only to a limited degree. For example, it is possible
to provide goods and services by using less energy and materials more efficiently. Recycling helps to do that. But there
are thermodynamic upper limits to the possible efficiencies of both energy use and recycling of materials. With improved
technology, we have already closely approached many of these upper limits. Photovoltaic panels and wind turbines are
good examples.
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In figure 7, Steve Keen (2021) has plotted annual changes in world energy and world GDP since 1970. There is
undoubtedly a visual close relationship between world energy and world GDP. The correlation coefficient of the changes
in world energy and world GDP is a high 0.83. There is almost a linear relationship between world energy and world
GDP. The reason why is because any form of activity or process requires the use of energy and materials.
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Figure 7: Annual Changes in World Energy and GDP (Keen 2021)
Any claims of absolute decoupling of energy and materials from an economy are absolute nonsense. Any form of activity
in an economy requires the use of energy and materials. Claims of absolute decoupling are on a par with claims of the
possibility and existence of a perpetual motion machine.
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PREVIOUS KNOWLEDGE OF CLIMATE CHANGE DUE TO EMISSIONS OF CO2
The role of carbon dioxide (CO2) in the atmosphere and the greenhouse gas effect was known over a century ago by
scientists and published by Svante Arrhenius in a peer reviewed international journal as early as 1896 as shown in Figure
8.

Figure 8: Svante Arrhenius April 1896
A few years later, the general public was also aware of the global warming effect of CO 2 in the atmosphere due to the
burning of fossil fuels. Here is an example of a publication in a New Zealand newspaper, The Rodney & Otamatea Times,
published in 1912.

Figure 9: The Rodney & Otamatea Times 1912
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THE BIGGEST SOURCES OF GREENHOUSE GASES
Almost 100 years later, it is now well established and accepted by most that climate change is a reality due to the
emissions of greenhouse gas emissions (Myers et al. 2021). Most of these emissions are the result of burning fossil
fuels. There are many different sources of greenhouse gas emissions as shown in Figure 10.

Figure 10: The Biggest Sources of Greenhouse Gases (Climate Reality Project 2019)
Each link in a web of supply chains from the original sources of fossil fuels in the ground to the goods and services
enjoyed by consumers involves additional greenhouse gas emissions which accumulate in the atmosphere.

TIPPING ELEMENTS AT RISK
A tipping point in our climate system is a threshold which, if exceeded, leads to abrupt and large changes in the state of
the system. Some of these changes can be irreversible. Timothy Lenton and colleagues (2008) identified nine tipping
points and Will Steffen and colleagues (2018) have identified which tipping elements are most at risk. The Greenland ice
sheet, Arctic summer sea ice, alpine glaciers, coral reefs, and West Antarctic ice sheets are already undergoing change
with a 1.0 degree Celsius increase in global warming above preindustrial levels.
Sea ice reflects more sunlight into outer space than uncovered water where sea ice used to be. With each melting of sea
ice, the oceans absorb more heat which increases the level of global warming. The melting of sea ice involves a positive
feedback loop where the melting of sea ice results in an acceleration in the melting of more sea ice.
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Because different climate systems are interconnected, one system can have an impact on another. The arrows in Figure
11 show the potential interactions among tipping elements. Each increase in global warming risks a domino like cascade
where a series of tipping point thresholds are exceeded.

Figure 11: Tipping Elements at Risk (Steffen et al. 2018)
An existential life-threatening tipping element is the thawing of permafrost. Tundra is located in a large treeless plain in
the Arctic regions where the subsoil is frozen. This frozen subsoil, or permafrost, holds a vast amount of carbon
accumulated from dead plants and animals over thousands of years. There is about twice as much carbon locked in
permafrost than is currently in the Earth’s atmosphere. As the climate warms, permafrost begins to thaw. This brings
microbes in the soil out of hibernation, allowing them to break down the organic carbon in the soil. This process releases
CO2 and, to a lesser extent, methane which is a far more potent greenhouse gas than CO2. There is already evidence of
permafrost thawing. Large scale thawing of permafrost would result in irreversible change in climate. The result would
be a hothouse Earth where no life forms can survive.
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HOTHOUSE EARTH
In their study of tipping elements at risk, Will Steffen and colleagues (2018) conclude:
“Our analysis suggests that the Earth System may be approaching a planetary threshold that could lock in a
continuing rapid pathway toward much hotter conditions - Hothouse Earth”.
The International Panel on Climate Change (IPCC 2021) reported that global temperatures are likely to rise by more than
1.5 degree Celsius above pre-industrial levels over the next two decades. This would cause widespread devastation and
more extreme weather. Only rapid and drastic reductions in greenhouse gases in this decade can prevent climate
breakdown. Every fraction of a degree of further heating is likely to compound the accelerating effects of climate change.

Figure 12: Hot House Earth (Steffen et al. 2018)
Reports by the IPCC are couched in terms of risk and probability because any field of science does not and cannot
provide absolute certainty. All knowledge based on science is provisional. What distinguishes genuine science from
pseudoscience is its willingness to allow evidence to confirm or challenge its theories.
A strong pattern of climate science has developed over the last number of decades. With each increase in the
understanding of our global climate systems, the more dire are the conclusions of climate scientists as to where our
global climate system is currently heading due to insufficient action to reduce greenhouse gas emissions.
Taleb and colleagues (2014) summarise the Precautionary Principle as follows:
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“The precautionary principle (PP) states that if an action or policy has a suspected risk of causing severe harm
to the public domain (affecting general health or the environment globally), the action should not be taken in the
absence of scientific near-certainty about its safety. Under these conditions, the burden of proof about absence
of harm falls on those proposing an action, not those opposing it. PP is intended to deal with uncertainty and risk
in cases where the absence of evidence and the incompleteness of scientific knowledge carries profound
implications and in the presence of risks of "black swans", unforeseen and unforeseeable events of extreme
consequence.”
The action of burning fossil fuels accompanied by greenhouse gas emissions to the atmosphere falls well within the
category of applying the Precautionary Principle because failure to cease burning fossil fuels sufficiently quickly would
result in an existential threat to all forms of life on Earth. When confronted by a lack of absolute certainty, and especially
when risks involve existential threats, the Precautionary Principle as adopted by the United Nations (Tichner et al. 1999)
must be abided by all nations, including New Zealand.
We have a choice to make here for the sake of the survival of our own species and all other species on Earth. The choice
we have is either a Hothouse Earth where we are currently heading or a Stabilized Earth. Lack of absolute certainty must
not be allowed to be an excuse for any further delays in necessary action to mitigate the impact of climate change. The
longer we delay action, the greater is the risk of a Hothouse Earth.

HUBBERT’S CURVE AND PEAK OIL
The burning of fossil fuels is a major source of greenhouse gas emissions which has resulted in climate change. The
production of an individual oil field typically follows that of an initial growth period, a plateau as set by the drilling company,
and then a decline in the rate of production as shown in Figure 13 (Hubbert 1956 & 1974).

Figure 13: Typical Oil Field History (based on Hubbert 1956 & 1974)
Marion King Hubbert (1956), a geologist, developed what is now known as the Hubbert’s Curve as shown in Figure 14
which predicted that the production of all oil fields in the United States would peak in 1970. His prediction was one year
out.
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Figure 14: Hubbert’s Curve (based on Hubbert 1956 & 1974)
Hubbert based his prediction on the rate and scale of new oil field explorations and the production history of individual
oil fields. The Hubbert Curve predicts the peaking of production of oil fields when about half the available oil field reserves
had been produced. The rate of oil production subsequently declines.

NET ENERGY
Energy is required to explore and identify where the most concentrated forms of fossil fuels are located. More energy is
then required to construct the necessary plant and machines to extract the fossil fuels from the ground and to run the
plant and machines. The reserves of fossil fuels in the ground which are extracted represent gross energy. Net energy,
also known as a surplus, is what is left over for use after extraction (Hall 2016).

Figure 15: Net Energy (based on Hall 2016)
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All life forms require surplus energy to survive. For example, a cheetah chasing down a gazelle expends energy in doing
so. The cheetah and its offspring survive for only so long as the energy provided by eating the gazelle exceeds the
energy it has expended in catching the gazelle. The cheetah also requires more surplus energy for its own day-to-day
metabolism and that of its cubs until its next catch. This would be bare subsistence living. A safety margin would be
needed to avoid starvation when gazelles are difficult to catch.
Early humans required surplus energy to sustain their minimum requirements of food, clothing, shelter, tools, and
weapons for hunting. We now make use of a much greater surplus of energy to sustain not only our minimum necessities
of life, but also our complexes of infrastructure, plant, and machinery and our level of technology which underpins our
current consumer level of life.

HIGH AND LOW EROI ECONOMY
Energy Returned over Energy Invested, shortened to EROI or sometime ERoEI is a ratio for describing a measure of the
energy produced in relationship to the energy used to create it (Hall 2016).

Figure 16: High and Low EROI Economy (based on Hall 2016)
The left-hand side of Figure 16 shows a High EROI economy with a ratio of 20:1. This ratio is an average of all sources
of energy and is typical of that enjoyed by the developed nations during a large part of the 20th century. The right-hand
side of the chart shows a Low EROI economy with a ratio of 3:1. This ratio is set purely for the sake of comparison and
illumination.
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Consumption is separated into necessities and non-essentials. The net energy available for non-essentials in the High
EROI economy is greater than twice that of the low EROI economy. But the chart is overly simplistic because the energy
consumption of necessities is shown to be the same for both economies.
What constitutes necessities is largely in the eye of the beholder when life is well above a subsistence level. For example,
in some developed nations, a family home of 200 square metres might be considered a normal standard. In New Zealand
during the 1970s, the size of a standard 3-bedroom house was 94 square metres. What is frivolous consumption of nonessentials is also largely in the eye of the beholder.
The balance of net energy allocated for necessities and non-essentials can vary from one economy to another when the
total net energy is the same. The level of technology that is possible in any economy is largely determined by the energy
left over after necessities have been provided for.

EROI BOUNDARIES
In the 1970s and 1980s, net energy studies around the world were undertaken in response to the 1973 OPEC oil embargo
which resulted in a four-fold increase in the price of petroleum. The New Zealand government funded several net energy
studies under the umbrella of the NZERDC (Isaacs 1993).
Estimates of the EROI of alternative energy sources can vary widely depending on the boundaries of the study (Hall
2016). Figure 17 shows an enormous difference between the net energy at the point of extraction – 90 MJ at the boundary
of extraction - compared to remaining net energy of 20.5 MJ as Oil Remaining as Consumer Ready Fuel.

Figure 17: EROI Boundaries (based on Hall 2016)
The following EROI calculations are based on for every 100 MJ of oil in the ground. At the point of extraction at the drilling
rig, the Energy Return on Energy Invested is 100 MJ / 10MJ which is equal to an EROI ratio of 10:1.
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At the point of use at the petrol station after extraction, refining, and transport to the petrol station, the energy returned
on energy invested is equal to 100 MJ / (10MJ +27MJ + 5MJ) = 100 MJ / 43 MJ which is equal to an EROI ratio of 2.38:1.
Driving vehicles requires infrastructure for transport. The Energy return on Energy Invested to provide fuel for Consumer
Ready Fuel which takes into account the energy cost of providing infrastructure for transport is equal to 100 MJ / (10 MJ
+ 27MJ + 5 MJ + 37.5 MJ) = 100 MJ / 79.5 MJ which is equal to an EROI ratio of 1.26:1.
When estimating an Energy Return on Energy, it makes a big difference as to what boundary is applied. There are further
energy losses in an internal combustion engine in petrol driven cars which are typically only 25% efficient in converting
the energy of petrol into the mechanical energy of motion (Michaux 2021). The remaining 75% of the energy in the petrol
is given off as heat. Diesel engines are more efficient and fully electric vehicles are 73% efficient (Michaux 2021). Each
of the energy losses from the point of extraction of fossil fuels to the movement of vehicles are heat losses, and each
burning of fossil fuels emits greenhouse gases to the atmosphere.

THE NET ENERGY CLIFF
Figure 18 shows the net energy cliff (Hall 2016) with net energy available for consumption as a percentage of gross
energy plotted along the Y-axis and the energy returned on energy invested (EROI) plotted along the X-axis.

Figure 18: The Net Energy Cliff (Hall 2016)
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All fossil fuel reserves peak in terms of the maximum rate of energy that can be produced over any one year and the net
energy which can be produced each year after peaking subsequently declines over time (Hall 2016). The net energy cliff
is where the rate of decline in the net energy of a fossil fuel increases after the EROI of the fossil fuel has declined to a
ratio as low as 6:1.
The energy returned on energy invested in all forms of fossil fuels inevitably declines to a ratio of 1:1 where it takes as
much energy to produce or procure energy as that produced. There would still be fossil fuels in the ground which could
be extracted, but to try and extract further fossil fuels from the ground as an energy source would be an energy drain on
society.
A rapid decline in net energy over time does not apply to renewables. Each photovoltaic panel and wind turbine is
replaced at the end of their service life and this replacement life cycle is taken into account when estimating their
energy returned on energy invested. The longer the service life of photovoltaic panels and wind turbines, the greater is
the EROI ratio and the percentage of gross energy returned.

INDICATIVE ENERGY RETURNED ON ENERGY INVESTED
Tom Murphy (2021) has provided indicative energy return on energy invested ratios for a range of fossil fuels and
renewables in his 481-page book titled “Energy and Human Ambitions on a Finite Planet: Assessing and Adapting to
Planetary Limits”. The ratios are indicative because net energy analysis estimates of EROI vary depending on which
boundaries are applied.

Table 1: Indicative Energy Returned on Energy Invested (Murphy 2021)
Hydroelectric tops the ranking with an EROI ratio of 40:1 plus. There is limited remaining potential for large scale
hydroelectric in most countries. Some countries are blessed with a high percentage of electricity production supported
by hydro dams. New Zealand is one of them.
Oil shale has a lower EROI ratio than renewables, but in terms of scale, has so far propped up increases in total net
energy while net energy provided by legacy forms of fossil fuels has declined.
We need to transition from fossil fuels to renewables, but what is clear is that the EROI of renewables will be less than
that of fossil fuels in the 1970s when field oil peaked.
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What matters most is the scale of how much net energy can be produced from a combination of different renewables
sources. A key question is whether renewable energy with a relatively low EROI ratio compared to fossil fuels in its
heyday can scale up to replace and match the level of net energy currently provided by fossil fuels. Scaling up of net
energy provided by renewables which have a lower EROI than fossil fuels in its heyday means using more renewables
such as photovoltaic panels and wind turbines. That means more materials, the mining of which has a greater impact on
the environment.

ENERGY PRODUCTION OF OIL & GAS FROM 1950 PROJECTED TO 2050
In Figure 19, Delannoy and colleagues (2021) chart the history of oil liquids production from 1950 to 2021. Oil liquids
includes natural gas liquids, biofuels, and shale. The Energy of production is plotted along the Y-axis and the date in
years are plotted along the X-axis. Delannoy and colleagues then project oil liquids production based on the Globalshift
model (Smith 2015) which ignores carbon budgets required to mitigate the impact of fossil fuels. In other words, a
continuation of current business as usual.
The cross-hatched light-yellow area at the top of the plotted areas represents the energy required to produce net energy.
All stacked areas below this light-yellow area represents net energy available at the point of extraction. The dark grey
area at the bottom of the chart represents field oil.

Figure 19: Energy Production of Oil & Gas From 1950 Projected to 2050 (Delannoy et al. 2021)
When field oil was drilled in 1950, it required about one unit of investment in energy to provide a return of 50 units of
energy, an EROI ratio of 50:1. Net field oil peaked about 1979. The combination of net field oil and off shore drilling to
500 metres coloured light grey peaked about 2004. Off shore drilling to 2,000 metres, shale tight oil, oil sands, onshore
natural gas, and biofuel have allowed total net energy to increase until about 2020. In the meantime, the ratio of total net
oil liquids produced to the energy required to produce that energy (coloured light-yellow) declined.

Seniors Climate Action Network (SCAN) Emissions Reduction Plan

Page 18 of 50

According to Delannoy and colleagues (2021), total net oil liquids will peak about 2024 and then continuously decline
until 2050. Other sources of energy include coal, nuclear energy, and renewables. Coal can be converted into a liquid
form of fossil fuels, but any conversion involves losses in energy. Time has run out for expanding the use of nuclear
energy. New nuclear power stations would be up and running after the next two most critical decades of transition and
mitigation of climate change. (Murphy 2021).

MINERALS NEEDED FOR BATTERIES VERSUS RESERVES
We need to transition from fossil fuels to renewable energy and infrastructure, and there is a common assumption by
many that renewables can provide the same scale of net energy that fossil fuels have provided so far. Simon Michaux
(2019) has challenged that assumption with a study of the minerals and metals required by renewables.
In Figure 20, the global reserves of metals as of 2018 needed by batteries to phase out global fossil fuels are coloured
blue and the metals needed are coloured yellow. Copper is currently not an immediate problem, but nickel, cobalt, lithium,
and graphite are. Global reserves of nickel, cobalt, and lithium for batteries are simply not large enough to supply enough
metals to scale up renewables to fully replace the global net energy currently provided by fossil fuels.

Figure 20: Minerals Needed for Batteries versus Reserves (Michaux 2019)
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PRIMARY MINING SOURCES WITH SUPPLY RISKS
Michaux (2019) concluded that alternative minerals will be needed for batteries. These include zinc, sodium-sulphur, and
hydrogen fuel cells. As shown in the Figure 21, reserves of zinc presents a serious supply threat over the next 100 years
while sodium and sulphur are abundant.

Figure 21: Primary Mining Sources with Supply Risks (Michaux 2019)
There are risks involved with handling sodium and sulphurs due to the volatile nature of both reactants. Liquid sodium
can become explosive when coming into contact with water in the atmosphere. Sodium-sulphur battery factories and
installations that use them have been the site of several fires. Another drawback to sodium-sulphur batteries is the high
operating temperature of 300 °C, which is needed to liquefy the sodium. These high temperatures can damage the
ceramic membrane separating the anode and cathode components of the battery and exacerbate the volatility of the
reactants in the battery. (Moseley & Garche 2014)
Hydrogen is highly flammable and can react explosively if not handled correctly. Hydrogen is an energy carrier and not
a direct source of energy because the production of hydrogen is 65-80% efficient. In other words, it takes more energy
to produce hydrogen than the energy contained in the hydrogen that has been produced. There are further energy losses
in compression of hydrogen and loss of energy in a fuel cell when supplying energy to an electric motor to undertake the
mechanical work of motion. Fuels cells are about 65% efficient in supplying the energy of hydrogen to an electric motor.
Electric motors also have a loss in energy due to friction when used to undertake mechanical work of motion. (Murphy
2021).
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RECYCLING RATES OF METALS
Photovoltaic panels and wind turbines need to be replaced periodically and, for this reason, some researchers refer to
these renewables as being replaceables. If photovoltaic panels and wind turbines provide sufficient energy to replace
themselves, then one could refer to them as being renewables should recycling of the materials be 100%. But 100%
recycling of any material is impossible. In nature, dispersal of minerals is essential to enable the sustainability of an
ecosystem. Humans, on the other hand, require concentrations of materials, and that requires the use of energy. Higher
recycling rates require progressively more energy which ultimately limits the practical level of recycling. (Mills 2020)
Figure 22 shows the current recycling rates of metals. Only a few metals have a recycling rate of over 50%. According
to the United Nations Environmental Programme (UNEP), “existing data of an end-of-life recycling rate of 70-90% can
be estimated for iron and steel. This value is one of the highest end-of-life recycling rates among all the industrially-used
metals” (UNEP 2011). Assume that all metals have a recycling rate of 90%. After only 6 and 7 cycles of recycling, only
53% and then 48% of the original material is available for reuse. The current rates of recycling of many metals nowhere
match 90% and higher rates of recycling do not bode well for the long-term future because higher rates of recycling
require progressively more energy than lower rates. Some metals require more energy to recycle than other metals at
any chosen rate of recycling. A balance of longevity in use and the rate of recycling is necessary to reduce the energy
costs of keeping minerals and metals in use during each generation of the population. This balance needs to weighed
up against the energy costs of mining for new minerals and metals and the extent of their scarcity. All minerals and
metals which are ultimately dispersed to the environment after mining and use represent the loss of resources for distant
generations. The dispersed minerals and metals are too energy costly to concentrate for use (Georgescu-Roegen 1971).

Figure 22: Recycling Rates of Metals (Michaux 2019)
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DECREASING GRADES OF MINED MATERIALS
The grades of mined materials have steadily decreased, especially since the 1930s as shown in the Figure 23. Without
extraordinary advances in mining and refining technology, the 10% of world energy consumption currently used for
mineral extraction and processing would rise as lower grade and more remote deposits are mined (Mudd 2009).

Figure 23: Decreasing Grades of Mined Materials (Mudd 2009, updated Mudd 2012)

IMPACT OF HUMANS ON THE ENVIRONMENT
John Holdren and Paul Ehrlich (1971) provided a broad-brush measure of the impact of human activity on the
environment in the form of an equation where the impact equals the level of the population multiplied by the level of
affluence multiplied by the level of technology.
As mentioned already, the current world population in 2021 is 7.9 billion and the United Nations Population Division
expects the world population to level out at 10.9 billion by the end of the century. Even if all countries were to adopt a
Zero Population Growth policy overnight – an average of two children per family - the world population would continue
to grow due to inbuilt population momentum. Continued population growth is inevitable unless war and/or nature
intervenes.
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Figure 24: Impact of Humans on the Environment (Holdren & Ehrlich 1971)
A measure of affluence is the consumption of energy and materials. GDP is a good proxy of consumption, and GDP per
capita has been increasing exponentially especially in the well-developed countries.
The impact of technology on the environment has undoubtedly increased in parallel with increases in consumption.
Increases in pollution is just one of many examples.
An inevitable conclusion is that the only way we will be able to mitigate the impact of climate change on the environment
and avoid exceeding planetary boundaries is by reducing our current levels of consumption.

OUR CURRENT PREDICAMENT
William Ophuls (1977) cautioned that the time for concern about the potential exhaustion of a resources comes when no
more than 10% of the total has been used up. This applies especially when the rate of extraction of a resource is
exponential.
There is an expression of “Don’t eat your seed corn” which refers to the age-old farmer’s strategy of saving some of the
harvest of the current year as the seeds for the next. Our main energy sources have been fossil fuels, and they have
produced very few seeds for the next harvest of energy in the form of renewables.
The inevitable peaking of fossil fuels has been ignored since cautions in the 1970s to make wise use of a proportion of
fossil fuels to enable a smooth transition from fossil fuels to renewable energy and infrastructure. We now have a situation
where the energy provided by the current limited scale of renewables such as photovoltaic panels and wind turbines is
insufficient to bootstrap the manufacturing of more renewables.
Manufacturing of renewable energy sources requires the use of fossil fuels. But a transition from fossil fuels to renewables
and infrastructure is now more difficult because the net energy of oil liquids, a convenient and key form of fossil fuels
necessary for the production of renewables, is on the decline. The longer we delay in using what remains of net energy
provided by oil liquids, the less likely we will be able to make a transition to renewables.
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At the same time that we should be transitioning from fossil fuels to renewables, we also need to reduce our consumption
of fossil fuels to mitigate the impact of climate change. We have a double whammy here.
On a limited budget of fossil fuels, we need to divert the use of fossil fuels away from unnecessary consumption to that
of investment in renewables in order to both transition to renewables and also mitigate the impact of climate change.

DISPROPORTIONATE CONSUMPTION BY THE WEALTHY
CO2 emissions are a good proxy for consumption of fossil fuels used to provide goods and services. Figure 25 shows
that the richest 10% of people in the world, and that includes New Zealanders, are responsible for 49% of CO2 emissions.
The poorest 50% of people in the world are responsible for only around 10% of total lifestyle consumption emissions.

Figure 25: Disproportionate Consumption by the Wealthy (Oxfam 2015)
An immediate 50% reduction in emissions by the richest 10% in the world would reduce global emissions to 75% of
current levels. A 75% reduction would reduce global emissions to 62.5% of current levels.
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HAPPINESS AND GNP ACROSS COUNTRIES
Figure 26 shows happiness and satisfaction with life for people within each country plotted along the Y-axis ranging from
30% to 100% of the population with GNP plotted along the X-axis in United States 1995 dollars.

Figure 26: Happiness and GNP across Countries (Inglehart & Kingman 2000)
About 90% of New Zealanders are happy and satisfied with life with a GNP per capita of $16,000 compared to about
90% of those in the United States with a GNP per capita of $27,000. About 78% of Brazilians are happy and satisfied
with life with a GNP per capita of only $3,000.
Several studies, including that of Wilkinson & Pickett (2009), reveal that once people are above a minimum threshold of
income, happiness and satisfaction with life does not necessarily improve to any greater extent with substantial increases
in GNP or GDP per capita. A dramatic reduction in consumption by the rich countries will not necessarily result in a
dramatic decline in welfare and happiness.
A transition to a less materialistic lifestyle will be difficult for some. However, many of the actions recommended by the
SCAN Framework to mitigate the impact of climate change and reduce our impact on the environment will improve the
quality of life for families and enhance and promote a greater sense of community. It is as communities we will continue
to thrive.
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KEY MESSAGES
Humanity is in ecological/planetary overshoot. It is critical to understand that climate change is but one of many symptoms
of a wider ecological overshoot manifested in biodiversity loss (for example, massive declines in pollinating insects),
collapse of ecosystems, pollution, resource depletion, and soil depletion. We have already exceeded Earth’s carrying
capacity and our current ecological footprint exceeds our global bio-capacity by at 56% (Wackernagel et al. 2021). We
are rapidly eroding our own ecosphere, the life-support system upon which we all depend. We have already crossed
several critical thresholds, and are dangerously close to many others (Rockström 2009; Seibert and Rees 2021).
The dominant ethos of our Western culture over the past 200 years has been economic growth made possible by fossil
fuels which are a convenient and energy dense form of energy. Abundant and cheap fossil fuels have enabled
exponential growth in world population and economies as measured by GDP.
The burning of fossil fuels and emissions of greenhouse gases has resulted in human-induced climate change. We must
reduce fossil fuel consumption to put a brake on the already disastrous impacts of climate change which, if left
unaddressed, is an existential threat to all forms of life on Earth (Lenton et al. 2008; Steffen et al. 2018).
Renewable energy (non-fossil fuel energy such as wind, solar, hydro, and geothermal) cannot bootstrap the formation
of renewable energy infrastructure by itself. Continued use of fossil fuels is required to enable a transition at the very
same time we need to immediately reduce consumption of fossil fuels. But the energy returned on energy invested
(EROI) to extract fossil fuels from the ground is declining. There are strong indications that conventional oil production
has peaked, the maximum rate of extraction has plateaued, and the net energy available from global fossil fuel production
has peaked and will now decline (Hall et al. 2014; Chapman 2014; Delannoy et al. 2021; Bihouix 2021; Rech et al. 2021).
Declines in EROI can only but accelerate.
In New Zealand, about 75% of our electricity was generated by ‘renewables’ (hydro, wind, geothermal, solar) in 2017,
but only 32% of NZ total energy use was from ‘renewables’. The remaining 68% of total energy use was from fossil fuels
(LLNL/US Dept Energy/IEA 2021). If we wanted to 100% electrify our economy, then we would have to triple our electrical
generation capacity.
Renewable energy has a much lower EROI than conventional oil in the Twentieth century when the EROIs of fossil fuels
was much higher than it is now (Seibert & Rees 2021; Capellán-Pérez et al. 2019). Battery storage of renewable energy
is less energy dense and portable for transport purposes than fossil fuels (Seibert & Rees 2021).
It is impossible to scale up renewable energy to meet current energy per-capita levels because renewable energy is
critically dependent on the use of scarce and rare minerals (Michaux 2021; Bihouix 2021). Reaching “net zero” globally
by 2050 – far too late to avoid climate catastrophe - would require six times the amount of mineral resources used today
(IEA 2021). We would have to use fossil fuels to mine these materials and build, implement, and replace this enormous
renewable energy infrastructure. At the same time, the net energy available from fossil fuels has peaked and will soon
begin to decline (Delannoy 2021). In sum, we simply cannot quantitatively replace current energy consumption provided
mainly by fossil fuels with energy from renewables (Michaux 2021; Krumdieck 2021; Seibert & Rees 2021; Bihouix 2021).
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High EROIs of fossil fuels enabled exponential growth in populations and economies in the Twentieth Century. In the
Twenty First Century, we now face a future where there will be less energy per capita. Continued increases in
consumption per capita will be impossible. Less energy per capita means less consumption per capita. Priorities as to
what constitutes non-essential consumption over and above essential consumption will need to be examined and revised.
Any attempts to continue business-as-usual economic growth while also avoiding climate change through a transition
from fossil fuels to renewables will only but lead towards increasing ecological overshoot and collapse through
biodiversity loss, ecosystems breakdown, soil depletion, resource depletion, and all the other symptoms of overshoot.
Whether it is powered by fossil fuels or renewable energy, continued economic growth – the expansion of the human
enterprise in a finite world - can only lead to ecological and social decline and collapse (Demaria 2018; Herrington 2021;
Seibert and Rees 2021).
We need to rapidly reduce our emissions of greenhouse gases, starting immediately, to mitigate the impact of climate
change by reducing our use of fossil fuels. At the same time, we still need to use fossil fuels to enable a transition from
fossil fuels to that of renewable energy and infrastructure (Seibert and Rees 2021). The only way out of this conundrum
is to radically reduce our current levels of consumption and divert the use of fossil fuels away from extravagant and
unnecessary consumption to a limited renewable energy system that can support a lower-energy society.
Reducing our consumption of fossil fuels means keeping most of our fossil fuel reserves in the ground to avoid exceeding
critical climate change threshold (McGlade & Ekins 2014). Further exploration of fossil fuels would be a waste of energy
and reduce our budget of fossil fuels which we need to enable a transition. If we squander our limited budget of fossil
fuels on foolhardy explorations for more fossil fuels and frivolous consumption, then we will lose our last chance to make
a global transition to renewable energy and infrastructure.
In summary, it is logically impossible for perpetual economic and population growth to occur on a finite planet. Sustainable
economic growth is an oxymoron and empirical evidence on resource use and carbon emissions does not support green
growth theory (Hickel & Kallis 2020). Either we have a planned, orderly contraction (de-growth) of our economy or else
a far more chaotic contraction will be forced upon us by nature, likely within a decade from now (Herrington 2020).
Climate change is but only one of many symptoms of ecological overshoot. We can only address climate change by fully
addressing ecological overshoot (Heinberg 2017; Herrington 2020).
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MODELING A VIABLE TRANSITION PATHWAY
The studies of Simon Michaux (2019, 2021) and other studies (MacKay 2009; Mills 2020: Sovacool et al. 2020) concur
that renewable energy cannot scale up to the same levels of energy per capita we currently consume using mainly fossil
fuels.
David MacKay’s (2009) study is specific to the United Kingdom whereas Thomas White’s recent MPhil thesis (2020)
Holistic Mapping of the New Zealand Energy and Emissions Systems to Assess Mitigation Opportunities is specific to
New Zealand. A summary of Thomas White’s methodology is described in his abstract as follows:
“This study seeks to determine how final service provision might be affected by, or could support, mitigation
efforts. This is achieved by mapping the energy and emissions systems of New Zealand in a Sankey diagram
which links primary energy to final energy services through various conversion devices in the energy supply
chain. A scenario analysis is subsequently performed by generating similar energy and emissions Sankey
diagrams for a 2050 scenario which meets New Zealand’s climate ambitions without incorporating demand
reduction.” (Page 4)
In his discussion section, Thomas White states;
“New Zealanders cannot continue to consume energy at the same rate and expect to achieve their climate goals.
Meeting the energy demands of a growing population at current rates of consumption is a massive technical and
economic challenge. Even with a massive afforestation campaign to approximately double exotic forest cover in
New Zealand, there is still a major energy shortfall for electricity generation in 2050.” (Page 46)
In his conclusions section, Thomas White states:
“This study has shown the need for demand reduction in New Zealand to achieve its climate goals in 2050 and
beyond. If demand for energy services continues to increase with the growing population of New Zealand, it
cannot be met with renewable sources in a net zero emissions scenario. As such, demand reduction needs to
be at the heart of the emissions reduction strategy to complement the energy supply transition. This change
does not need to come with great sacrifice from New Zealanders who can expect to see ancillary benefits beyond
climate change mitigation such as reduced air and noise pollution, improved access to mobility services, and
more comfortable homes.” (Page 56)
Thomas White’s study should be critiqued by appropriate government departments and either confirmed or refuted.
We live in a physical world, and mental constructs of claims on future resources in the form of GDP projections do not
determine what is possible in the future. It is the actual physical availability of energy and materials which determine
what is possible. Projections of a transition from fossil fuels to renewable energy and infrastructure based on assumed
continued economic growth and wishful GDP projections alone risk leading to a transition pathway with a dead end.
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The Precautionary Principle has been adopted by the United Nations and should be also adopted by the New Zealand
government and its departments. Under the Precautionary Principle, the New Zealand government and its departments
are duty bound to minimise and eliminate where possible those risks which threaten current and future generations.
It would be a dereliction of duty and care for the New Zealand government and its departments not to use to use the best
modeling methodology available when projecting different scenarios of a transition from fossil fuels to that of renewable
energy and infrastructure. The vision, as well as the methodology, must also change to ensure we adopt transition
pathways which are viable.
Over the next number of decades, we need to prioritise as to what is essential consumption as opposed to frivolous
consumption. We also need to prioritise our investments in renewable energy and infrastructure given that renewables
are unable to provide the same scale of net energy per capita that we use now. Net energy studies are necessary to do
this.
Dynamic simulation modelling of resources is necessary to ensure the viability of any proposed transition pathway from
fossil fuels to renewable energy and infrastructure. Physical limits such as the impending and inevitable peaking of fossil
fuels must be addressed and included in any model of transition. There are already modelling platforms which do this.
The MEDEAS Dynamic Simulation Platform stands out as being one of the more comprehensive platforms which
addresses the dynamics of the economy, population, energy availability, land use, energy infrastructures, social and
environmental impact indicators, climate change, and materials.

Figure 27: The MEDEAS Dynamic Simulation Platform (https://www.medeas.eu/model/medeas-model)

Seniors Climate Action Network (SCAN) Emissions Reduction Plan

Page 29 of 50

FRAMEWORK OF SOLUTIONS FOR THRIVING WITHIN PLANETARY BOUNDARIES
Rees (2021) stresses that the following actions must be taken to not only mitigate the impact of climate, but also to avoid
ecological overshoot

• Acknowledge that the economy is not separate from, and cannot function independently of, the biophysical
environment.
• Explicitly acknowledge the end of material growth and the need to reduce the human ecological footprint.
• Acknowledge that so long as we remain in overshoot, sustainable production/consumption means less
production/consumption.
• Admit that modern renewables – wind turbines and solar panels – are themselves dependent on fossil fuels and have
no possibility of scaling up to replace current levels of fossil fuels.
• Recognise that equitable sustainability requires an economic levelling. Fiscal and other regulatory mechanisms are
required to ensure redistribution of income, wealth, and opportunity among and within countries. Greater equality is
better for everyone.
• Enact policies such as education, access to birth control, and economic independence for women which will lead
fairly and without coercion to a smaller global population. The challenge is great, given that models show about two
billion people could live comfortably and indefinitely within the biophysical means of nature.
• Implement measures including pollution and resource depletion taxes to internalise costs and move society closer to
full social cost pricing. This would blunt current steeply rising levels of consumption in the developed world, the
greatest contributor to overshoot.
• Start to create national subsystems of self-reliant bio-regions with productive ecosystems.
“Like it or not, there only remains the very rational option to apply the brakes: reduce, as quickly and as
drastically as possible, the average consumption of resources per person ... The choice is not between
growth and de-growth, but between imposed de-growth – because the resource issue will catch up with
us in due course – or elective de-growth.” (Bihouix 2021, 50)
It is within this context we provide recommendations for various sectors below, a framework of solutions to achieve a
thriving NZ/Aotearoa based on social foundations working within planetary boundaries by 2030.
Economic Approach and Policy
Politicians and citizens must recognise that continuing to pursue continual growth (including ‘green’ growth) is literally a
dead end – it will deplete resources, drive further consumption and inequality, ever more carbon emissions and the
destruction of the very environment our economy is based on. We have to radically reduce demand rather than supply
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and ask ourselves: how could one live as well, under certain conditions, without this or that need or desire (or chimera
of ‘green growth’)? (Bihouix 2021)
Recalling Rees’s points:
• Leaders and citizens must explicitly acknowledge the end of material growth and the need to reduce the human
ecological footprint.
• We must acknowledge that so long as we remain in overshoot, sustainable production/consumption means less
production/consumption.
A fundamental shift in policy is needed. We must move away from GDP growth as the target of our economy, and shift
the economic paradigm to de-growth (Kallis 2015) or whatever is needed to fit our ecological carrying capacity. Our
resources are finite and we are wholly dependent on a stable climate system.
We need to manage the necessary energy-descent while maintaining a fair distribution of the energy on which we all
depend, and work on solutions and alternatives as we go.
This is a communal and national effort which must be built on acceptance of the limits of planetary resources and be a
fair and just transition, as described in Kate Raworth’s Doughnut Economics (Raworth & Hens 2019).
For this transition we urge a war-footing response, an organisational effort that our government is demonstrating
admirably with the pandemic. In WWII, rationing of fossil fuels was the tool used to divert energy to the war effort. This
tool could again be employed to direct the down-shift in energy consumption and emissions.
Given that reducing energy production and consumption is a difficult political challenge, the NZ Government must take
responsibility in leading the country and achieve public buy-in to make real progress on both energy and emissions
reductions. Support is only likely if there is widespread understanding of the reasons behind it. A public dialogue on this
topic is urgently needed. Enlightened, decisive leadership action on energy and emission reduction will allay the anxiety
about climate change already present in the population and strengthen belief in the government and democracy itself.
A transition to lean energy does not mean our quality of life will be diminished. It simply means we must reorganise our
lives so that they function on less energy (Krumdieck 2021). We will be far healthier and more comfortable and creative
for it. There is strong evidence that high energy consumption does not equate to higher well-being (Millward-Hopkins et
al. 2020). McLachlan (2021) estimates that a decent living standard can be had at less than a tenth of energy
consumption of what New Zealanders currently use, based on data provided by Millward-Hopkins (2020).
Critical: This is a change to current business as usual – and must be accompanied with redistribution of wealth to offset
impacts of this de-growth on the lower-income population, the sector which is the most affected.
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Therefore, as Rees points out:
• Equitable sustainability requires fiscal mechanisms for income/wealth redistribution.
• Communities, families, and individuals need assistance to facilitate adoption of sustainable lifestyles.
De-growth means equitable redistribution of resources that we can use within planetary limits and within a certain budget
or ration over time. This redistribution should be built on an orderly access to energy in the long-term descent. To achieve
this, consider

employing a flexible instrument such as Trading Energy Quotas (TEQs); its strength being that it involves

all energy users directly and equitably – a fair, simple and more practical framework than either green taxation or ETS
schemes. It guarantees achieving national carbon reduction targets by uniting the nation in a common purpose (Fleming
2016).
• End debt-based, growth-based money and for-profit banking systems. This will reduce the need for ever-greater
consumption. Shift to co-op/not-for-profit banking.
• Remove requirement on corporations to place shareholder profit above all else.
• Implement various policy measures such as Universal Basic Income and reduced/shared working hours (Bihouix
2021).

PŪNGAO - ENERGY: zero emissions by 2030
Reduce emissions as rapidly and equitably as humanly possible by downshifting consumption and energy needs.
The current target of 2050 for net zero emissions is neither rational nor safe: We are already way beyond historic safe
levels of atmospheric concentrations of greenhouse gases. The rate of temperature rise is increasing (Xu et al. 2018);
1.5C will be reached before 2030. The severe impacts of extreme weather events we are now experiencing at 1.2C of
global heating will be very dangerous at 1.5° C, and disastrous at 2.9 C, the level that current climate policies are
committing us to (Climate Action Tracker 2021; Monbiot 2021).
Long-term targets are an excuse for procrastination. What we do in the short term, over the next 3-4 years, matters most.
It is vital to immediately reduce the impact of climate change and protect the most vulnerable ecosystems. Failure to do
so right now may make long-term targets irrelevant if cascades of system-level changes are triggered (National Centre
for Climate Restoration 2021). We therefore propose an urgent shift to a much-accelerated time line – net zero emissions
by 2030 – in line with Kalmus (2021).
The UN says that to limit temperature change to 1.5° C, new or updated NDCs (nationally determined contributions) must
be collectively increased fivefold this year (World Meteorological Organization 2021). However, if the countries that
submitted NDCs to date continue to fall short of that benchmark, then the countries which have not yet submitted NDCs
would have to make even deeper cuts to make up lost ground. In our view, all countries, and especially a rich economy
like ours which emits very high levels of emissions per capita, must summon all the ambition that can be mustered and
act much more urgently.
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We are acutely aware of the pressing need to act immediately to reach the necessary targets to limit further warming of
the atmosphere and address both the immediate and underlying drivers. We urge the Government to be bold and
facilitate the rapidly needed downshift in energy consumption and emissions.
To meet the 2030 goal, significant changes are called for, especially in the areas of energy and trade, agriculture, and
transport. Given the already existing loading of the atmosphere with greenhouse gases, it is necessary to front load many
of the changes (both reductions in some areas and the underpinning increases in activity in other areas) by having the
higher rate of change over the next 5 years. We therefore propose 50% reductions by 2025 and 75% reductions by 2027
in most areas with only some exceptions.
The proximity of these dates emphasises the extreme urgent need for action now. We ask for government to pass laws
to set in place a pandemic-like mobilisation, a ‘go hard and go early’ approach with clearly communicated goals and
expectations based on the most updated scientific advice. These laws should also include a requirement that the
government publicly report each month’s progress against the goals with quantitative estimates of downward trends of
energy consumption and emissions.
Energy actions:
• Measure and monitor all energy use.
• Set and adhere to a national energy budget to halt the rise in emissions and control an equitable down-shift in energy
consumption and needs.
• Reduce energy use by:
-

Organising/designing compact community/town/city-living where all amenities are reachable in 20 minutes by
active/public transport.

-

Setting up energy efficiency regulations to conserve all energy – in building, manufacturing, food production,
transport, heating/cooling etc.

-

Rewarding those that most successfully reduce their energy use.

-

Introducing border tariffs on imported items which use fossil fuels.

-

Continuing focus on NZ’s existing ‘green’ production sites that already deliver the highest energy returns on energy
investment (EROI) - hydro and geothermal (Krumdieck 2021). Making do with what we already have: one of the
world’s highest percentages of renewable electricity generation. Reserving energy for maintenance of these
systems.

-

Nationalisation of production, distribution, and retail of large-scale electricity generation.

-

Setting true charges for electricity transmission to incentivise local production for local use, thus reducing
transmission losses.

-

Repurpose, renovating, and building new houses to high energy efficiency/passive standards.

• Do not fund large scale development of:
-

Hydrogen, because more energy is required to produce and compress the product than it can later generate
(Seibert and Rees 2021).

-

Biofuel, because it has low EROI & degrades soil due to biomass depletion and uses land needed for food supply
and restoration of ecosystems.
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• Immediately divert funds from planned large scale energy projects to set up local communities with suitable small
scale local energy production, such as micro-hydro (Heinberg 2021), mechanical wind and water, passive solar,
animal and human labour (Seibert & Rees 2021).
• Prioritise use of available electricity for:
-

Electrification of public transport including NZ railway system.

-

Production of electric active/public transport vehicles – bicycles, cargo carts, trams, buses, trains.

-

Local manufacture and production of basic goods and tools needed in communities.

HOKO -TRADE:
Shift from globalised ‘free’ trade to self-reliant eco-centric local trade to reduce emissions resulting from resource overexploitation, global pollution, and population growth.
Measure, report on, and reduce emissions from trade of goods and services in all economic sectors.
Reconsider the NZ Emission Trading Scheme (NZ ETS) as a tool to reduce emissions. It is subject to both political whim
and corporate tactics that have the potential to nullify its effectiveness. Instead, implement measures that address the
root causes, together with legislation for immediate steep reductions in emissions this year and every year after without
exceptions.
Incentivise:
• Strengthening local businesses trading within local communities to reduce transport emissions.
• Manufacturing of local carbon neutral products and services needed in the community:
-

Food – seasonal products from gardens, communal gardens, urban farms, farms etc.

-

Clothing and shoes – products made from wool, linen, hemp, leather, felt, etc.

-

Transport – products for movement of goods and people: bicycles, carts, trains, draft animals etc.

-

Energy – small scale energy production generated by water, wind and geothermal.

-

Housing – constructions made of wood, stone, earth, repurposed materials.

• Small/medium enterprises and cooperatives – employees own enterprise shares.
• Community markets within 20-minute reach in all areas.
• All the above facilitated by local currencies with community support (alongside national currency) and community
owned banks - loans at zero interest.
Reduce emissions from waste of goods:
• Incentivise local businesses to provide for local needs on demand with less waste emissions.
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• Regulate for:
-

Product stewardship by producers.

-

Durability and repairability ratings on goods.

-

Mandatory reuse/recycling e.g. redeemable deposits paid at purchase, refills, etc.

-

Food share initiatives, composting, etc.

-

Free recycling, fees for landfill use.

ONE me AHUWHENUA - SOIL and AGRICULTURE
Shift away from resource heavy agricultural production and global transportation of food and turn all agricultural soils into
effective carbon sinks.
Measure and report agricultural emissions. Ensure fast reductions of all agricultural emissions (methane – reduction is
urgent to offset the warming effect from declining aerosol pollution (Shindell & Smith 2019) and increasing carbon dioxide
equivalents, including methane (UNEP 2022). Immediately legislate to:
-

Prioritise health of soils and atmosphere over profits to agricultural industry.

-

Phase out synthetic nitrogen fertilisers by 2023.

-

Phase out imported animal feedstock by 2023.

-

Reduce ruminant herd numbers (dairy, sheep, and beef cattle) to 1990 levels by 2030 (NZ Greenhouse Gas
inventory 2021).

-

Set safe upper limits of nitrogen levels in all waters.

• Shift to farm management methods that increase soil organic matter, carbon sequestration and water holding
capacity. Specifically reduce tilling or use no tilling, lower stock numbers, diversify crops, retain stubble/crop residue,
grow perennial instead of annual crops, add compost, mix animal/crop farming, improve rotational grazing techniques.
To achieve this:
-

Immediately subsidise:
▪ Nationwide transition to regenerative mixed farming practices.
▪ De-stocking of dairy/beef cattle herds.
▪ Agroforestry - diversity of crops/tree cover combined with animal husbandry.
▪ Restoration of native forests and wetlands on private and communal land.
▪ Re-wilding of all degraded, eroding, steep private and communal land.

-

Incentivise:
▪ Mainly plant-based diets.
▪ Small scale organic local/urban food production.
▪ For all green and food waste to be recycled/composted and distributed.

-

Immediately protect:
▪ All prime soils for food growing.
▪ Local markets - including tariffs on imports produced using fossil fuels.
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KOTI PĀPORI - TRANSPORT:
Facilitate ways of living that reduce the need for transport and rapidly maximise active and public transport.
Measure and report all transport emissions.
Reduce transport emissions through structural changes by:
• Designing compact communities/housing so that all amenities are consistent with 20 - minute community living.
• Organising economic activities based on local needs met in, and by, local communities.
• Providing active, public, and shared/pooled transit infrastructure.
• Implementing use of communication technologies instead of travel.
Plan for NZ wide tree-lined walking & cycling networks linking areas, towns, suburbs, and central cities, and encourage
use of e-cargo bikes:
• Separate pedestrians and cyclists from heavy, fast traffic.
• Provide safe crossings and access points.
• Vary routes connecting points of interest.
• Provide connectivity to public transport system.
• Locate infrastructure – toilets, drinking fountains, signage, electric bike charging/repair stations, lights where needed.
• Provide well-designed points of access, intersections, and roundabouts where cars and bikes meet.
• Ensure strict liability protection laws for cyclists – motorists are financially liable for collisions with cyclists.
• Provide connectivity to public transport system.
• Provide access to bike share programs.
• Provide nationwide cycling education.
• Provide infrastructure for toilet stations.
• Extend limits of 300 watts on electric bikes to 1kW for better handling of hills & cargo.
Plan for a NZ wide emission-free public transport network – electrified trams, buses, trains, ferries on basic arterial
network connecting the country:
• Increase subsidies for public transport.
• Build stations/hubs/stops within communities.
• Ensure suitable timetables/regularly updated signage
• Build park and ride facilities – bike parking.
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• Improve connections of public transport to cycle- and walkways.
• Integrate with mobility sharing and car-pooling systems.
• Facilitate 20 min communities/towns/cities.
• Public transport and car-pooling priority lanes.
• Prioritise shared transport parking.
• Incentivise NZ production of electric bikes, golf cart type cargo vehicles, trams, and trains.
Reduce all car and roading infrastructure emissions:
• Phase out imports of new, second hand and hybrid ICE vehicles by 2023 (in conjunction with public transport
development).
• Replace electric car subsidies with funding for electric bikes, buses/trams/trains for connected communities.
• Incentivise Mobility Sharing and car-pooling – access to transportation on an as-need basis.
• No new road building - funds diverted to active (bike, walk) and public transport.
• Implement fuel/Road tax on all vehicles (incl. EVs) to build active and public transport infrastructure.
• Expand Clean Car Standard legislation to achieve more stringent fuel efficiency and emissions standards.
Reduce Freight emissions:
• Maximise carriage of heavy loads by electric rail, ship.
• Transport light freight by electric vans, cargo carts, bikes and horse power.
Reduce machinery emissions:
• Restrict fossil fuel use to heavy machinery for clearing slips, river beds etc.
• Shift light machinery to electricity.
Impose tax on fossil-fuel based shipping - cruise and freight ships, fishing boats, yachts etc.
Aviation:
• Tax long and short haul flights to cover true cost of emissions.
• Tax international passengers on arrival & departure to pay for local infrastructure and emissions.

TE TAIAO – NATURE:
Protect and increase natural carbon sinks: foster the long-term carbon sequestration capabilities of natural spaces.
Measure and report on greenhouse gas sequestration by significant natural areas.
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Survey all NZ public and private land and identify steep and erodible land suitable for re-wilding.
Continue survey of land significant for conservation and protection of biodiversity in both private and public ownership
(forests, grass/wetlands, sub- and alpine areas, lakes, rivers, streams, oceans under NZ jurisdiction).
Government legislation to protect biodiversity:
• Continue and expand protection of significant natural habitats on privately and communally owned land.
• Expand protected NZ ocean habitats – declare 50% of all NZ waters as marine reserves.
• Ban seabed mining/bottom trawling.
• End subsidies for all fisheries.
Nationwide shift to land management practices that sequester carbon long term and increase biodiversity:
• Acquire land of natural significance as Commons and/or build green areas in cities.
• Increase funding to landowners, councils, community groups, and the Department of Conservation for regeneration,
conservation, and management of naturally significant habitats on privately and communally owned land.
• Re-wild through large-scale native tree planting programs and active management of naturally regenerating marginal
land.
• Integrate agriculture and tree/shrub cover on farms based on agro-ecological principles (Agroforestry).
• Diversify native forests for long term carbon sequestration not for harvesting.
• Use appropriate fast growing native trees instead of planned pine monocultures as nursery crops for native forest
establishment to avoid wilding-pine problem, degraded soils and erosion of felled slopes, increased fire and disease
risk. Increase habitats for native species.
• Further enhance the predator-free NZ programme to protect living trees and birds for seed dispersal (e.g. consider
cat control legislation).

Legislate prohibition of dumping of waste into earth and waters to stop pollution and contribute to reduction of
consumption and therefore emissions:
• No new landfills.
• Adopt a ‘No Waste’ policy – products are reused and repaired (longevity and repairability ratings).
• Produce local goods for local markets to enable on-demand production with less waste.
• Implement product stewardship/kaitiakitanga (producers are responsible for reusing/recycling).
• Phase out unnecessary use of plastics, replacing them with biodegradable alternatives - fibre, wood, wool etc. Use
of plastics limited to essentials such as certain medical products.
Reduce emissions from nature tourism:
• Prioritise healthy management of natural areas over profits to tourism, and local over international visitors to reduce
transport emissions.
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• Incentivise emission-free active/public transport and activities, and tourist activities that assist wildlife, pest control,
plantings, walkway construction, etc.
• Introduce caps on visitor/tourist numbers and introduce tourist surcharges on nightly stays that are passed to local
councils to offset costs of environment impacts & infrastructure.
Reduce loss of habitat and carbon-sequestering green space, by strict planning to limit urban sprawl. See also Transport.

HAPORI - COMMUNITY:
Strong community engagement, support and cohesion is necessary to enable the downshift of energy and resource use
and emissions without social upheaval.
To build cohesive communities:
• Design local 20-minute communities with active public or shared transport, schools, medical care, markets,
composting facilities, playgrounds, meeting places, repair workshops, community gardens, urban farms, natural
spaces, and small-scale energy production etc. (see also Transport).
• Foster self-reliance, resilience, and stability of communities.
• Diversify local economies to ensure future security of goods and services in communities.
• Hold hui, meetings, and events by working together on communal projects e.g. planting and preserving food, restoring
natural habitats, restoring and constructing communal housing and infrastructure, up-skilling etc. See also Just
Transition Assemblies, following section.
• Emphasise and celebrate diversity and inclusion of all cultures with festivals and holidays.
• Disseminate Tangata Whenua local histories information.
• Teach Te Reo as national language in communities at all levels.
• Deliver wealth distribution through a fair tax system, Living Wage scheme and equitable energy rationing.
Provide subsidies for:
• Networks of local growers and community markets to underpin 20-minute communities.
• Community skill development (training, Repair Cafes/People Sheds/repurposing/recycling. re-establish courses at
local learning centres to build diverse practical and communication skills).
• Health care for everyone.
Quantify NZ’s human ecological carrying capacity (human ecological footprint) to inform the design of policies for
national, regional and community population planning (family planning & migration).
• Fair resettlement, immigration, and refugee policies:
-

Plan for intake of Pacific Island Nations and NZ internally displaced climate refugees affected by rising sea levels
and weather events.

-

Settlement of other new citizens based on the carrying capacity of the country’s resources.
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RANGIMÁRIE, MANATIKA, MARUTAU PEACE/JUSTICE/SAFETY:
Climate and Resource Justice is vital in achieving an equitable energy down-shift with peaceful and thriving communities
and nations.
Foster safe communities without crime by rationing energy use to allow a basic living standard for all. Reduce
police/military emissions by preventing social conflicts and wars over resources:
• Recognise climate change as social as well as environmental issue.
• Reconsider structural issues of inequities.
• Immediately collaborate with Treaty partners to find solutions that uphold Te Tiriti and which are co-designed with
diverse representation from the local communities, iwi and hapu.
• Require people on higher incomes to lower their energy and resource use and emissions substantially more and
faster than people on low incomes, who are struggling to cover even their basic needs.
• Reduce NZ’s emissions much faster than required of low emitting nations. They have not been responsible for the
historical emissions generated in the first place.
• Provide transition assistance to low-emitting nations and nations who are still industrialising. Direct aid to diversify
nations away from oil and gas, but not in form of NZ corporate offsets to avoid reducing emissions in Aotearoa.
• Establish regular Citizens’ Assemblies on Just Transition at local and national level to ensure solutions reflect public
engagement.
Measure and report on basic needs and wellbeing of all citizens:
• Local and national food security.
• Local and national clean water security.
• Local and national housing security.
• Access to healthcare/dental care/birth control.
• Local and national safety.
• Sense of belonging, esteem, self-actualization/realization through:
-

Building community and creation of transition employment.

-

Shared participation (paid or volunteered).

-

Skill development.

-

Access to and immersion in natural environments.

-

Living wage / universal basic income for all.

KĀTAO - WATER:
Clean and adequate water is the basis for healthy communities and thriving economies.
Measure and report regularly on the state of water supplies.
Reduce all emissions steeply to prevent ocean acidification and protect ocean biodiversity.
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Lower the need for resource-heavy water infrastructure (extensively piped, dammed, channelled, and treated water) to
limit carbon emissions from construction and release funds for other purposes by a series of legislation and funding
actions on fresh water, storm water, and sewage:
• Wai – Fresh Water
-

Value and conserve clean water.

-

Establish Kaitiakitanga - Personification/Protection of lakes, aquifers, rivers, streams (e.g. Whanganui River).

-

Legislate to preserve water as common good and be managed equitably.

-

Prohibit overseas trade in fresh water.

-

Legislate for pollution protection of rivers, lakes, aquifers, streams for safe upper limit for nitrogen runoff that
guarantees healthy fresh water.

-

Fund the conservation of natural water systems of soils, forests, grass and wetlands, lakes, aquifers, streams, and
rivers through Department of Conservation.

-

Re-establish natural water systems (key streams above ground, natural water channels and river beds).

-

Support restoration of fresh water aquifers, lakes, rivers, and streams by urban and rural communities (e.g. Raglan
community – 10-year recovery effort needed to restore streams and harbour).

•

Require rain water harvesting from building structures for drinking water.

Pókáká - Stormwater
-

Incentivise natural water filtration systems in urban areas instead of resource-heavy infrastructure:
▪ Swales, not gutters; streams, not channels.
▪ Wetlands and riparian plantings.
▪ Increase of permeable surfaces in urban areas.

-

Reduce impermeable surfaces (paved roadways and paths) to decrease water and pollutant run off.

-

Phase out all harmful pollutants (including herbicides) which enter into storm water or are deposited on land where
they enter water (including nitrogen).

•

Paru – Sewage
-

Reuse all grey water from households, manufacturers, in dense urban housing developments (shape landscapes
to allow water to infiltrate soils using gravity).

-

Regulate for management of grey water and sewage infrastructure including recycling of nutrients.

-

Consider introduction of and regulations for composting toilets in new and repurposed buildings to achieve:
▪ Water savings.
▪ Circulation of nutrients for soil health, biodiversity, and food production.
▪ Emission savings on fertilisers.
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ĀNGI - AIR:
Clean air is vital for thriving communities.
Measure, record, and report regularly on national and local air pollution levels (transport, industry, heating of all fuel
burners etc.) as part of monitoring emissions reductions.
Reduce the need for activities that pollute the air e.g. regenerative land use does not promote burn-offs, passive buildings
do not burn fuel for heating, and 20-minute communities avoid petrol/diesel fumes by using active and electric public
transport.
Legislate and regulate elimination of all air pollution.
Subsidies and incentives for air pollution reduction in all sectors are another tool for emissions reduction and for
preservation and regeneration of natural habitats – see ‘Nature’.

KAI - FOOD:
Reduce food emissions by phasing out synthetic fertilisers, inefficient supply chains (global food trade/meat/dairy), and
food waste.
Measure and report regularly on emissions from food production and distribution, and on food security of communities.
Immediately incentivise:
• Climate friendly food production and consumption.
• Regenerative food growing methods used in all home and community gardens, urban and horticulture farms.
• Communities to grow food for local communities on communally owned land such as community gardens, allotments,
park edges, berms etc.
• Local farmer’s markets in every area consistent with 20-minute communities.
• Increases in local, seasonal, and plant-based produce consumption.
• Decreases in imported food, meat, and dairy products (high supply chain emissions).
• Transition from intensive monocultures to regenerative/permaculture farming methods based on agro-economy and
agro-forestry.
• Increased production and diversity of locally grown food crops to reduce food miles, and enhance self-sufficiency and
resilience.
Legislate to protect existing prime fertile soils for climate-friendly local food production:
• Survey and test soils to identify best places for:
-

Community gardens, urban farms in and around populated areas.

-

Mixed farming - horticulture/animal husbandry/crops.

• Protect growers through:
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-

Levies on imported food.

-

Grants to access land and training.

• Reduce wastage of food to landfills by:
-

Food waste collection, composting and distribution of compost.

-

Food sharing projects.

-

Recycling of by-products from food production.

WHARE - BUILDINGS & HOUSING:
A smaller, yet highly energy efficient housing footprint allows for expansion of natural habitats and carbon sinks.
Measure and regularly report on emissions from buildings and their construction.
Incentivise and legislate for:
• Compact housing to prevent sprawl and achieve energy efficiency, while ensuring liveability of dense housing by
regulating for access to light, amenities, natural and food growing spaces, public transport etc.
• Design of energy efficient upgrades of older buildings (retrofitting, insulation etc).
• Repurposing of old buildings instead of making way for new builds.
• Recycling and repurposing of demolition materials.
• Design of energy efficient/passive heat new builds to achieve warm/cool dry shelters for all people in Aotearoa, without
exceeding emissions targets.
Development and use of locally produced materials for local construction: stone, wood, straw, flax, hemp, earth,

-

wool, reclaimed, ‘green’ roofing etc.
• Easy access to loans and consents for energy efficient co-operative housing models and long-term diverse community
and social rental housing.
• Levies on empty homes/buildings to minimise non-permanently occupied houses to reduce emissions from
unnecessary new builds.
•

Fund initiatives through tax on capital gains on housing sales.

HAUORA - HEALTH:
Healthy environments are the basis of healthy communities, resulting in less emissions from health care.
Measure & report the health-cost impact of all emissions, and make clear that reductions in these costs will help offset
the cost of transition to net zero carbon.
Ensure maintenance and improvement in population health while reducing emissions from health provision:
• Design the health system for distributed (local) rather than distant care. Enable access for all to medical/health care
(preventative, dental, mental, emergency, pre-birth/birth care, paediatric, optical, hearing and maintenance etc.) within
20 minutes using active or public transport.
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• Reduce emissions from the use of disposables such as surgical supplies, masks, baby nappies, etc.
Prevention/health promotion: Many of the actions described in other sections will promote health through disease
prevention by mitigating emissions and climate change, for example:
• Buildings and housing – warm, dry, energy efficient homes.
• Water - guaranteed access to clean ample supplies of drinking water and prevention of flooding.
• Food – ensured security of supply of high-quality nutritious foods – retention of prime soils and improvement of soil
quality while, at same time, reducing emissions from food production (see Food).
• Transport – urban design for 20-minute access to work and leisure, plus active and public transport to lower transport
emissions thus reducing air pollution & traffic accidents. Improved access to healthy pursuits: swimming, walking,
biking to increase physical exercise.
• Community – improvement in community engagement and social cohesion.
• Peace/Justice – elimination of inequality of access to health care.
• Air – reductions in air pollution from heating and transport improve health.

MĀTAURANGA - EDUCATION:
Access to evidence based scientific knowledge, awareness of Kaitiakitanga, and the need for stewardship of the
environment as expressed by Maori and other indigenous cultures of society is key to understanding the need for degrowth and downshift in consumption of energy.
Measure and report on emissions from education.
Reduce emissions from education by incentivising locally based and nature centred learning:
• Introduce 20-minute communities/towns/cities with schools within 20-minute radius – School Zoning.
• Repurpose, renovate, and build schools and other learning centres to high energy efficiency/passive standard.
• Phase out:
-

Fossil fuel and biomass heating.

-

Teaching of growth-based economy model.

Incentivise a shift to teaching material at Pre-School/Primary/Secondary/Tertiary/citizen education level based on and
emphasising:
• Interconnection/interdependency of physical/biological systems of which humans are a part.
• Knowledge of planetary boundaries including:
-

Necessity of change from growth-based economy to no growth/steady state economy.
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-

How local communities of diverse life forms can live within physical limits.

-

The importance of no waste simple living.

-

Skills to fulfil basic human needs (community, warmth, shelter, clean air, water, and food production) within
planetary limits.
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