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Key Messages  

The need for global action on climate change is not disputed. However, decisions about climate action leadership by any single 

jurisdiction in advance of the global commitment needs to taken in light of the impact such leadership will have on: (a) climate 

change itself; (b) the economy of that jurisdication; and (c) level of influence over others to follow. In light of these considerations 

we find:  

1. The NSW Climate Change Policy Framework represents an exercise of heroic futility.  

The proposed NSW policy is far more ambitious than the most ambitious global targets but:  

‐ With (GHG) emissions representing 0.3 per cent of global emissions, the policy can have no measurable effect on 

global climate outcomes.  

‐ NSW’s leadership on mitgation will come at a significant first-mover cost, and with no assurance that the rest of the 

world will follow - there is NO first-mover advantage, but a reduction in resources available for adaptation. 

‐ The most likely result of policies to achieve the goal, and/or the most plausible path to achieving the goal would be 

through enormous structural changes in the economy, or a general decline in economic activity or population, or a 

combination of the three.  

2. Many agriculture, livestock production, waste and industrial process emissions—35 Mt pa or 25 per cent of NSW’s 

2014 GHG emissions—have no zero emission alternatives, so are likely to be unavoidable.  

With 10 Mt pa of current sequestration through afforestation, at least 25 Mt pa of mitigation will be required through a 

combination of negative emissions, using biomass electricity with carbon capture and storage, afforestation and 

procurement of international permits, to achieve net zero emissions. 

3. Mitigation of the remaining ‘avoidable emissions’ (95 Mt or 75 per cent), would require the electrification of all 

energy use (for transport, heating and industrial), and complete decarbonisation of electricity.  

‐ This would require an enormous increase in generation capacity, transmission infrastructure and electricity storage. 

Quantification of the increased capacity would require a study of the time of use of the new demands relative to 

existing electricity demands, analysis which has not yet been documented in the literature.  

‐ Significant industrial operations (e.g. cement, steel, fertilisers) emit CO2 from chemical processes or cannot be 

electrified. Along with unavoidable energy emissions, from domestic aviation and other sources, 40 Mt pa of biomass 

with CCS or afforestation would be required by 2050 to achieve net zero emissions—for which there is insufficient 

suitable land in NSW.  

4. NSW will need to embark on what would be the largest CCS programme in the world to date, and evidence 

suggests the prospects for suitable CCS sites in NSW are not good.  

‐ It is so far highly uncertain as to whether NSW has any viable, large-scale geological CO2 storage capacity. 

‐ The majority of NSW geological CO2 sequestration will likely require pipeline transport to the Gippsland Basin in 

Victoria, the Surat Basin in Queensland or the Cooper basin in SA.  

5. The policy directions fall far short of delivering the net-zero target, would have no measurable effect on global 

climate outcomes and could leave NSW with reduced resilience in a changing climate.  

‐ There is a very large gap between the government roles and proposed actions in the draft plans and the aspirational 

goals in the main policy document.  

‐ The description “delivering the policy framework” is not commensurate with the aspirational goal, and leaves 

unaddressed major challenges facing the NSW energy sector as a result of impending plant retirements, and problems 

of system reliability.  

‐ More detailed work is warranted on the required actions, their costs, affordability impacts and reliability implications if 

there is to be any prospect of achieving the aspirational goal.  

‐ Irrespective of success with NSW policy, there is no certainty that other countries will follow suit, meaning climate 

change may not not arrested, but NSW will have reduced resources available to invest in adaptation.  
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If all the industrial nations went down to zero emissions – remember 

what I just said, all the industrial emissions went down to zero 

emissions – it wouldn’t be enough, not when more than 65 percent of 

the world’s carbon pollution comes from the developing world. 

 

 

—US Secretary of State, John Kerry, speaking at the  
COP21 Climate Conference in Paris, 9th December 2015 1 
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1. Executive Summary  

The New South Wales (NSW) State Government recently published the Climate Change Fund –

Draft Strategic Plan 2017 to 2022 and A Draft Plan to Save NSW Energy and Money and called 
for public submissions on the two documents. The government also published the NSW Climate 

Change—Policy Framework, which contains the aspirational long-term objective to: ‘Achieve 

net-zero emissions by 2050’ and to ensure that ‘NSW is more resilient to a changing climate’ 

(NSW Government, 2016). This paper focuses primarily on the policy framework, which raises a 
number of key issues that, if not addressed, put at risk the ability of the government to achieve 
either of the two stated objectives of the policy. Under that umbrella, the paper refers to and 
comments on a number of the specific actions in the two draft plan documents.  

The landmark Paris Agreement (UNFCCC, 2015) entered into force on 4 November 2016 after 
reaching the threshold of ratification by at least 55 parties representing 55 per cent of total 
global emissions. Landmark features of the Agreement include: inclusion of all 197 Parties to 
the UN Framework Convention on Climate Change, emission reduction goals set voluntarily by 
each country—the so-called Intended Nationally Determined Contributions (INDCs)—and a 
global climate goal related to temperatures rather than emission levels or atmospheric 
concentrations.  

The stated aim of the Agreement is ‘[h]olding the increase in the global average temperature to 
well below 2°C above pre-industrial levels and pursuing efforts to limit the temperature increase 
to 1.5°C above pre-industrial levels.’ However, as the IEA has shown, even if all countries meet 

their INDCs or pledges towards this goal, emissions would be well above the path required to 
achieve the target, based on estimates of the sensitivity of the climate to atmospheric GHG 
concentrations (Figure 1). Rogelj eta al. (2016) among others have attempted to quantify the 
likely impact of the current INDCs, finding that, if fully implemented, the pledges put put us on 
track towards average temperature increases in the order of 2.6oC to 3.1oC.  

The figure shows that a smoothly-declining emissions trajectory corresponding to the 2ºC target 
is indeed very challenging, but it does not require net zero emissions from all sources globally 
by 2050. According to the IEA, it requires net zero emissions from the energy sector by 2100, 
which would still leave a balance of some emissions from the non-energy sector. Notably, the 
IEA also points out that net-zero emissions for the energy sector will require some negative 
emissions—most likely achieved through the combination of bioenergy with CCS.  

For the entire NSW economy to achieve net zero emissions by 2050 it will certainly require the 
energy sector to achieve net negative emissions by 2050. The proposed NSW policy is clearly 
far more ambitious than the most ambitious global targets. The Contribution of Working Group 
III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change finds that 
economic costs rise ever more steeply with each increment of emission reductions, especially if 
certain technologies, like CCS, are not avilable or are limited. Furthermore, since the costs of 
low-emissions technologies are projrected to decrease over time and with more deployment, 
early movers will pay a premium, further emphasising the scale of the aspirational goal 
proposed for NSW. The most likely result of policies to achieve the goal, or the most plausible 
path to achieving the goal, would be through enormous structural changes in the economy, or a 
general decline in economic activity or population, or a combination of the three. Such 
outcomes are not consistent with the stated aim of the policy to ‘[m]aximise the economic, social 

and environmental wellbeing of NSW’, or the overarching NSW State Plan to 2020.  
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Figure 1 The Paris Agreement and the global emissions context as modelled by the IEA  

 
Source: IEA (2016) www.iea.org/newsroom/news/2016/november/world-energy-outlook-2016.html  

NSW’s greenhouse gas (GHG) emissions are extremely small in the global context: 25 per cent 
of Australia’s 1.2 per cent share, or 0.3 per cent of global emissions. The most recent data are 
for 2014. Energy sector emissions were 77 per cent of NSW’s 140 Mt of GHG emissions from 
all sources, which were offset by 10 Mt of GHG emission sinks.  

Initial analysis suggests that 35 Mt or 25 per cent of NSW’s 2014 GHG emissions are likely to 
be unavoidable due to the absence of zero emission alternatives. A large proportion of those 
emissions occur outside the energy sector, being mainly associated with agriculture, livestock 
production and waste or industrial processes. Renewable sources cannot currently replace coal 
and gas because carbon is an essential raw material in the manufacturing processes of, for 
example, fertiliser, plastic, textile, steel and cement production. Existing sinks from forestry and 
land management absorbed 10 Mt in 2014, leaving 25 Mt or about 18 per cent of total 
emissions as ‘unavoidable emissions’ on a net basis. Assuming no growth (or a decline) in the 
underlying unavoidable emissions, 25 Mt is the minimum level of negative emissions, using 
biomass electricity with carbon capture and storage (CCS) or afforestation, needed to achieve 
net zero emissions.  

An alternative to pursuing negative emission strategies in NSW would be offsetting NSW 
emissions by reducing emissions in other countries. This might be possible through a system of 
international permits. There are however significant unknowns associated with a system of 
international carbon offsets and and exposure to price uncertainty and volatility. 

The ‘avoidable emissions’ total 95 Mt or 75 per cent of NSW total GHG emissions. To reduce 
those emissions to zero would require the electrification of all energy use, and the complete 
decarbonisation of the electricity sector. This will require a massive increase in renewable 
and/or nuclear generation capacity, transmission infrastructure and electricity storage. 
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If the complete decarbonisation of electricity generation is not achieved, then more than 25 Mt 
of annual sequestration would be required to achieve net zero emissions. If complete 
electrification of all energy use—including by vehicles—is not achieved and some hydrocarbon 
combustion technologies remain, then additional sequestration would be needed to achieve net 
zero emissions.  

The maximum annual quantity of sequestration required, using CCS or afforestation, would be 
120 Mt (95 Mt of avoidable emissions and 25 Mt of net unavoidable emissions). By 2050, 40 Mt 
of negative emissions from biomass with CCS or afforestation would be needed to achieve net 
zero emissions. That is larger than 38 years of cumulative sequestration through carbon 
plantings in NSW as modeled by ABARES in 2011 under an ‘ambitious global action scenario.’ 
The forest sequestration potential is not large enough: offsetting unavoidable emissions in NSW 
needs biomass with CCS.  

As a consequence of that conclusion, and especially if nuclear power is not available, NSW 
would need to embark on what would be the largest CCS programme in the world to date if the 
net zero emissions aspirational goal is to be met. Significant shifts in public attitudes to the 
resource industries in key communities may be required to enable CCS. 

The policy directions set out in the policy documents are modest and limited relative to the 
aspirational goals. There is a very large gap between the government roles and proposed 
actions in the draft plans and the aspirational goals in the main policy document.  

This paper shows at a high level the extent of the challenge that the NSW Government has set 
out in its policy paper, and the broadening of the range of actions that would be required to 
achieve it. More detailed work is warranted on those actions, their costs, affordability impacts 
and reliability implications if there is to be any prospect of achieving the aspirational goal.  

Increasing NSW’s efforts to reduce emissions would have no measurable effect on global 
climate outcomes, but would reduce the resources available for adaption. The description 
“delivering the policy framework” is not commensurate with the aspirational goal, and leaves 
unaddressed the major challenges facing the NSW energy sector as a result of impending plant 
retirements, the problem of system reliability, as well as NSW’s emission profile.  

This paper is not intended as a counsel of despair. By setting NSW—and Australia—within the 
global context, and outlining the key numbers on emissions and costs, it seeks to make a 
positive contribution to well-informed public debate and sound public policy.  

2. The international, national and state context  

The wider context  

NSW accounts for 25 per cent of Australia’s greenhouse gas emissions (Figure 2). Australia 
accounts for 1.2 per cent of global greenhouse gas emissions (Figure 3). Therefore, New South 
Wales emits about 0.3 per cent of global greenhouse gas emissions.  

These numbers set the context for the adoption of policy. New South Wales is too small to have 
a measurable impact on global greenhouse gas (GHG) emissions, atmospheric concentrations 
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of GHGs, or global temperature outcomes. The parties to international agreements—such as 
the November 2015 Paris Agreement on climate change—are national governments. The policy 
choices for sub-national jurisdictions including New South Wales occupy a spectrum between 
‘fulfillment’ of the legal obligations devolved from the national level in respect of emission 
reductions, and voluntarily ‘going beyond’ those obligations to greater emission reductions.  

Figure 2 New South Wales’ 2014 GHG emissions in the Australian context, CO2-equivalent  

 
Source: Australia's emissions inventory data, http://ageis.climatechange.gov.au/NGGI.aspx#  

Figure 3 Australia’s 2014 GHG emissions in the global context, CO2-equivalent  

 
Source: BAEconomics, referencing EDGAR global emissions 
http://edgar.jrc.ec.europa.eu/overview.php?v=42  

The proposed policy  

The New South Wales Government is proposing such a policy that would go beyond what the 
Australian Government has committed. The stated aim of the policy is to  
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[m]aximise the economic, social and environmental wellbeing of NSW in the context of a 

changing climate and current and emerging international and national policy settings and 

actions to address climate change. (NSW, 2016)  

The aspirational long-term objectives of the policy are to: ‘Achieve net-zero emissions by 2050’ 

and to ensure that ‘NSW is more resilient to a changing climate.’  

A possible rationale for ‘going beyond’ the natural share of national commitments  

Even if NSW’s GHG emissions were reduced to net zero, the state’s global contribution would 
be too small to have any impact on the environmental well-being of NSW in the context of a 
changing climate. By itself the policy is unable to achieve the stated policy direction to ‘[r]educe 

risks and damage to public and private assets in NSW arising from climate change.’  

A policy of ‘going beyond’ the state’s share of Australia’s national obligations could demonstrate 
visionary leadership, although that is not stated as a rationale in the policy document. The policy 
document does say that ‘[o]ur state is a national and international leader in energy efficiency.’  

Under ‘state context’ the policy document says that ‘[t]he NSW Government endorses the Paris 

Agreement and will take action that is consistent with the level of effort to achieve Australia’s 

commitments to the Paris Agreement.’ The aspirational goal of net zero emissions by 2050 

would go a very long way beyond that endorsement and would incur substantial economic costs 
and consequent social impacts, putting implementation at odds with the stated aim of the policy. 
Therefore the aspirational goal of net zero emissions carries a very high risk of futile heroism if 
the rationale of visionary leadership fails to inspire international imitators on a very large scale.  

A rational alternative to futile self-sacrifice  

For a small entity such as NSW in the global commons, the disadvantages and risks of being a 
first mover far outweigh the advantages and opportunities. An alternative strategy is to be a fast 
follower, which is a realistic approach for the state, commensurate with the position of NSW, it’s 

influence internationally, the available opportunities, and the balance of threats.  

Practical actions that may contribute to a fast follower strategy include: building a thorough 
understanding of all of the sources all of GHG emissions in NSW, based on data in the national 
GHG inventory and projections; identification of the opportunities for reducing emissions, 
including their estimated costs, economic impacts and social implications; realistic assessment 
of the impacts on international competitiveness of measures to reduce GHG emissions, and of 
whether measures would reduce emissions globally and not simply shift emissions offshore.  

The stated policy aim mentions ‘economic, social and environmental wellbeing.’ Unfortunately, 
these three policy objectives are often in tension. The energy sector provides many examples. 
Everyone would like reliable, affordable and sustainable—preferable zero emissions—electricity 
supply. Very few fuels and technologies can provide all three. Resolving conflicting policy 
objectives is both a challenge and a core responsibility of governments around the world.  

This paper explores what a net zero target means in the real world, the challenges that would 
need to be overcome to achieve it, including the kind of actions and investments required. The 
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paper is published as a reference document for consideration by the government of NSW and 
as a contribution to the wider public discussion of these issues in NSW elsewhere in Australia.  

Examining NSW’s GHG emissions in more detail  

The energy sector is the largest contributor to GHG emissions. In NSW, it contributes 77 per 
cent of emissions: almost the same as the Australian average of 78 per cent. The balance is 
from agriculture (12 per cent), industrial processes (8 per cent) and waste (3 per cent). Figure 4 
is based on the IPCC classification system for sectors and industries, which provides the basis 
for international reporting of GHG emissions.  

Figure 4 New South Wales’ 2014 GHG emissions by sectors and industries, CO2-equivalent  

 
Source: Authors’ chart based on Australia's emissions inventory data, 

http://ageis.climatechange.gov.au/NGGI.aspx#  
ODS stands for Ozone Depleting Substances  

The pie chart at the centre of shows the shares of four of the five major sectors. In NSW, the 
‘land use, land use change and forestry’ sector absorbs more CO2 than it emits, reducing 
NSW’s total net emissions. Emissions of GHGs other than CO2 are accounted for on a CO2-
equivalent basis, according to the global warming potentials of each of the gases, which are 
very high in the case of some industrial gases.  
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The outer rings of the chart show contributions to emissions in more detail, following the IPCC 
classification system, as reported in Australia’s national inventory of GHG emissions. In this 
system, emissions are accounted for at the source. So, while direct emissions from residential, 
commercial and institutional buildings represent a relatively small share, electricity demand in 
those buildings gives rise to emissions from solid, liquid and gaseous fuels in the energy 
industries. Likewise, industries with process emissions also use electricity, with the emissions 
accounted for under energy industries. Internal combustion engines have close to 100 per cent 
share of road transport. Emissions from battery electric vehicles are accounted for under energy 
industries, according to the energy used to generate the electricity.  

Initial observations on NSW’s GHG emissions data  

GHG emissions is principally an energy sector story, but emissions from the other sectors are 
still too large to be overlooked, particularly if the aspiration is to achieve net zero emissions.  

Combustion of solid, liquid and gaseous fossil fuels accounts for 66 per cent—a clear 
majority—of energy sector emissions, but fugitive emissions at 10 per cent are too large to be 
overlooked. Underground coalmines at 9 per cent of total GHG emissions are the main 
contributor to fugitive energy sector emissions in NSW, but there are also some fugitive 
emissions from surface mines as well as from the oil and gas industry.  

Electricity generation, which is predominantly coal-fired in NSW, is the single largest industry 
emitting GHGs, accounting for 35 per cent of the State’s emissions. Transport accounts for 19 
per cent, with road transport alone accounting for 16 per cent of total NSW GHG emissions.  

Enteric fermentation—mainly cattle and sheep—accounts for 9 of the 12 per cent of total NSW 
emissions arising from agriculture.  

Industrial processes represent 8 per cent of NSW’s GHG emissions. The largest two 

categories are the metals industry and the use of substitutes for Ozone Depleting Substances 
(ODS), which are banned or being phased out under the Montreal Protocol. While not severely 
ozone-depleting like the older refrigerants for example, the substitutes are still GHGs. The long-
term plan of the refrigeration and air conditioning industry worldwide is to move to natural 
refrigerants, including CO2.  

Solid waste disposal at 2 per cent and wastewater treatment and discharge at less than 1 per 
cent make up the balance of emissions.  

Forest management, grazing land management, afforestation and reforestation, and cropland 
management between them absorbed more than 12 per cent of emissions in 2014, while 
deforestation was equivalent to 5 per cent of emissions from the other sectors. Therefore, land 
use, land use change and forestry offset the state’s GHG emissions by net 7 per cent.  

The data underlying Figure 4 indicate:  
 Opportunities for synergies between sources of emissions and other industries  
 GHG emissions sources for which alternatives are available but not yet economic  
 Sources for which zero emission alternatives are only available at very high cost  
 GHG emissions sources for which no technical alternatives exist at present  
 GHG emissions sources that if shut down would move and not reduce global emissions  
 Sources for which zero emission alternatives would require sweeping social change  
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A review of those topics follows and provides an approximate indication of the likely scale of 
negative emissions that would be required to achieve net zero emissions. That provides a 
sense of scale required of available options for ‘negative emissions,’ which provides the 

theoretical basis for the development of strategies to achieve net zero emissions by 2050.  

Opportunities for synergies between sources of emissions and other industries  

In NSW, fugitive gases account for 10 per cent of GHG emissions. If those emissions could be 
captured and used for electricity generation they would provide a two-fold reduction: conversion 
of methane (CH4) to carbon dioxide in the combustion process reduces the global warming 
potential of the emissions by a factor of 25, and CO2 emissions would be displaced from the 
power system. This is well-known technology, so it may be assumed that the opportunities are 
not commercially attractive with current energy prices, carbon prices and project costs.  

Solid waste and wastewater in NSW account for 3 per cent of NSW GHG emissions. Both 
waste streams contain energy. The scale of the opportunity is smaller, but conversion and 
utilisation of waste-to-energy offers the potential for similar benefits as fugitive emissions.  

GHG emissions sources for which alternatives are available but not yet economic  

Electricity generation is the single largest category of GHG emissions in NSW. Many 
alternatives are available, but are not yet economic. These are discussed below.  

Cars represent 9 per cent of GHG emissions in NSW. Beyond the trend improvements in 
energy efficiency, the two main alternatives for reducing their emissions are battery electric 
vehicles (BEVs) and biofuels. Either of those strategies could also be applied to light 
commercial vehicles. Uptake of BEVs is in its early stages, but is not driven by economic 
considerations.  

Eliminating vehicle GHG emissions relies on electricity being generated from zero carbon 
sources. Full-cycle analysis of bioethanol and biodiesel production show that the net GHG 
emission reductions are very small after agricultural and other emissions are taken into account.  

The electrification of vehicles and public transport in NSW will substantially increase electricity 
usage in the greater Sydney area, where most passenger vehicles and buses are located. The 
electric power system in this region relies on electricity being generated further inland and 
transmitted into the region via the electricity transmission network, which is already constrained 
and needing reinforcement. The high population density in the Greater Sydney region, together 
with conflicting land uses, will necessitate much of this new transmission infrastructure into the 
region to be undergrounded, which can cost up to ten times the cost of overhead transmission 
lines.  

Biofuel also raises food versus feed versus fuel competition: food for people in domestic and 
export markets, feed for animal production and fuel for vehicles. Large-scale biofuel production 
tends to drive up food prices, which can be politically controversial.  
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Sources for which zero emission alternatives are only available at very high cost  

Battery electric technology is not feasible for heavy-duty trucks and buses (contributing 4.3 
per cent of the State’s emissions), particularly where long range is required. Alternatives to 
diesel engine heavy vehicles tend to focus on compressed natural gas (CNG) and liquefied 
natural gas (LNG), but they are not zero emission technologies. The only feasible opportunity 
for eliminating GHG emissions from aviation is via biofuels, which suffers from the problem of 
material emissions in the biofuel production process.  

Many uses of natural gas other than electricity generation, including industrial applications and 
cooking are not easily substitutable, or meet with customer resistance. Gas space heating and 
hot water heating can be replaced by electricity. The extent to which electricity generation, 
transmission and distribution capacity would need to increase if gas was not available requires 
careful study of the co-incidence of demand by time of use. As with electric vehicles, the 
strategy only contributes to a zero emission goal if the electricity generation is zero emission.  

GHG emissions sources for which no technical alternatives exist at present  

There are a number of industries that emit GHGs as a fundamental part of the chemical 
processes, and for which no technical alternatives exist at present. They include: clinker and 
cement production, iron reduction using coke in a blast furnace for steel production, many 
industrial solvents, and refrigerants used in air conditioning and refrigeration systems.  

According to the Cement Industry Federation, cement production accounts for around 5 per 
cent of total anthropogenic greenhouse emissions globally. In Australia, significant contributions 
from other sectors (such as agriculture and power generation) mean that cement manufacture 
accounts for approximately 1.1 per cent of Australia’s total emissions. Separate figures are not 
available for NSW, which has two integrated cement manufacturing sites, at Maldon and 
Berrima and is estimated to account for about 25 to 30 per cent of Australian cement demand. 
In 2013 Australia produced about 6 Mt of clinker and 8 Mt of cement, imported almost 2 Mt of 
clinker from Asia (principally Japan and China) and about 0.5 Mt of Portland Cement. The 
Australian industry has reduced its CO2 emission intensity by 20 per cent since 1990 from 0.87 
to 0.70 t CO2-e per tonne of cementitious sales. Emissions will remain an intrinsic part of the 
industry’s carbonaceous process, as shown in Figure 5. Figure 20 in the appendices shows the 
layout of a typical cement plant.  

Figure 5 Source of greenhouse gas emissions in a typical cement plant  

 
Source: Thomson (2013)  
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Figure 18 and Figure 19 in the appendices show the processes for iron and steel making and 
the CO2 emissions from each part of the process in the coke oven / blast furnace pathway. At 
Port Kembla, one of two blast furnaces remains in operation. (There are two other blast 
furnaces in Australia: at Whyalla and Port Pirie in South Australia).  

GHG sources that, if shut down, would shift but not reduce global emissions  

NSW hosts some energy-intensive trade-exposed industries (EITEIs). The two notable 
examples are the aluminium smelter at Tomago and the largest steelworks in Australia at Port 
Kembla in Wollongong. Direct industrial process emissions from those plants are accounted 
under the metals industries in Figure 4, while emissions from the plants’ energy use, whether 

inside the fence or in grid-connected power plants, are accounted for under fuel combustion.  

If those plants were to close, they would provide an ‘easy reduction’ in NSW’s GHG emissions, 

albeit with a negative shock to employment and gross state product (GSP). However, global 
emissions would not be reduced, as other plants elsewhere in the world would meet demand for 
the aluminium and steel products produced by those industries.  

While those two industries are the most notable examples in NSW, the same phenomenon 
applies to any other industry in the state producing tradable products, whose output would be 
replaced by increased imports or captured by export competitors internationally.  

Sources for which zero emission alternatives would require sweeping social change  

Cattle and sheep account for 9 per cent of NSW GHG emissions: the same proportion as the 
car fleet. This source could only be reduced to zero by the elimination of the state’s cattle herds 

and sheep flocks. A policy to achieve that would require sweeping social change in the form of 
the conversion of 7.5 million people to a vegetarian lifestyle; abandonment of the current policy 
of encouraging export of meat products to Asia to meet the growing demand for beef and lamb 
as protein consumption per capita in China and other countries in the region rises with incomes.  

The likely scale of negative emissions required to reach net zero emissions in NSW  

Table 1 shows that the categories of sources from which GHG emission are likely unavoidable 
summed in 2014 to over 35 million tonnes of CO2-equivalent: 26 per cent of emissions.  

In 2014, NSW emissions were offset by 10 Mt of GHG sinks. Subtracting that amount from the 
unavoidable emissions would leave at least 25 Mt or 18 per cent of emissions that would need 
to be sequestered each year into CO2 sinks, in the case that all other emissions were reduced 
to zero. If the other ‘avoidable’ emissions were not reduced to zero, then up to 120 Mt of 
sequestration into CO2 sinks (93 per cent of 2014 emissions) would be required each year. This 
analysis is on the basis of 2014 emissions. Growth or reductions in the underlying drivers of 
emissions would change the numbers accordingly.  
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Table 1 Unavoidable emissions and possible offsets, on a 2014 basis, CO2-equivalent  

Category of emissions  2014 Mt % 2050 Mt 

Total emissions  130.1 100 net zero 

Unavoidable emissions  

Enteric fermentation (mainly cattle and sheep)  12.9 9.9  12.9 

Agriculture, forestry & fishing fuel 1.8 1.3  1.8 

Heavy trucks & buses  6.1 4.3  10.0 

Domestic aviation  1.9 1.4  3.4 

Industrial processes (a) 11.5 8.2  11.5 

Surface coalmining fugitives  1.3 0.9  1.3 

Subtotal  35.5 26.0  40.9 

Land use, land use change & forestry  –10.3 –7.3 –40.9 

Remaining non-offset ‘unavoidable emissions’  = 25.2 18.3  0 

 

‘Avoidable’ emissions to be reduced to zero  + 94.7 74.0  96 

Total size of carbon policy challenge  = 119.9 92.2  136 

Reductions if 100% waste-energy is achieved  –4.0 –2.8  4 

Reductions if 100% fugitive emissions-to-energy  –12.4 –8.8  12 

 

Annual sequestration sinks required:  

Maximum: CCS or afforestation 119.9 92.2  120 

…of which:  

Minimum (biomass with CCS or afforestation)  25.2 18.3  40 

 
Source: Authors’ chart based on Australia's emissions inventory data, 

http://ageis.climatechange.gov.au/NGGI.aspx#  

Note (a) Including cement, iron and steel, and other processes  
 

Technology strategies to achieve net zero emissions by 2050: ‘negative emissions’  

The technical options to deliver ‘negative emissions’ to offset unavoidable emissions and 

achieve net zero emissions are: 

 Biomass electricity with CCS (BECCS)  

BECCS utilises bioenergy sources (e.g. biomass from forestry and energy crops) to 
remove CO2 from the atmosphere and CCS to permanently sequester most of that CO2 
underground after combustion of the biomass. 
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 Land use change and forestry management 

Land use change and forestry management involves the afforestation and reforestation 
of non-forrest areas through new planting and seeding, and management practices that 
serve to maintain partial forest cover, minimize losses of dead organic matter (including 
slash) or soil carbon by reducing soil erosion, and by avoiding slash burning and other 
high-emission activities.  

 Atmospheric capture and sequestration (Air CCS)  

Air CCS involves the separation of nearly-pure CO2 from the atmosphere and 
permanently sequestering that CO2 underground. Note this is generally considered be 
extremely high costs due to the need to separate CO2 from such a dilute source (0.04 % 
CO2 c.f. circa. 12% CO2 in the flue gas of a coal fired power plant) House et al. (2011) 
estimated costs of air capture in the order of $1,000 per tonne of CO2.  

Alternative strategy to offset local emissions to achieve net zero emissions by 2050  

An alternative to pursuing negative emission strategies in NSW would be offsetting NSW 
emissions by reducing emissions in other countries. This might be possible through a system of 
international permits. There are however significant unknowns associated with a system of 
international carbon offsets. It is not yet known for example whether a global system of tradable 
carbon emission will be introduced. The Paris Agreement does not establish such a system. 
The position of the Australian Government and foreign governments remains uncertain. It is not 
currently possible to estimate what the cost of a partial or complete offset of NSW CO2 
emissions is likely to be in 2050. However, for context, it is worth noting that, based on current 
European permit prices, offsetting all 2016 NSW CO2 emissions would likely represent a budget 
cost of around $1 billion. This estimate is based on existing European permit prices that many 
believe are artificially low. In earlier years, European permits have traded for as much as seven 
times their present price level. It is also likely that if international permits became available for 
purchase by the NSW Government, global competition for those permits will likely drive up the 
cost per permit, which will increase the cost of offsetting NSW emissions.  

3. The practicalities of aspirational objectives  

This section address the question: what would net zero emissions by 2050 mean in practice?  

End-of-technical-life retirement schedule for coal- and gas-fired plants in NSW  

The oldest power station in NSW is the 600 MW Munmorah coal-fired plant, commissioned in 
1969. Based on it technical life of 50 years, it was scheduled for retirement in 2019, but was 
retired in 2012-13. Wallerawang C commissioned in 1978 with a technical life of 45 years was 
due for retirement in 2023, but was retired in 2014-15. The Smithfield CCGT plant commission 
in 1997 with a 30-year life due for retirement in 2027, has been announced for withdrawal from 
service in 2017 after just 20 years. Liddell, commissioned in 1972 and with a 60-year life due for 
retirement in 2032, has been announced for retirement in 2022. (AER, 2015)  
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The 51 MW Hunter Valley open-cycle gas turbine (OCGT) commissioned in 1988 would be 
decommissioned in 2018 based on its technical life of 30 years it. Almost 12 000 MW of coal 
and gas plants commissioned between 1972 and 2009 will reach the end of their technical life 
by 2040, leaving only Mt Piper (1340 MW) and Redbank (150 MW) and currently not in 
operation, scheduled to be decommissioned in 2043 and 2051, respectively.2 Figure 6 shows 
the decommissioning schedule, based on technical life although in practice, coal-fired power 
plants around the world have typcially operated well beyond the technical life..  

Of the 14 GW shown in Figure 6, just 10 GW is currently operating.  

Over the two-decade period beginning in the early 2020s, NSW’s fleet of dispatchable base-
load power plants will need either to have their life extended, or to be replaced with new plants. 
This situation presents both opportunities and significant challenges. The options are discussed 
below in the context of the aspirational policy goal of net zero emissions by 2050.  

Figure 6 Technical life schedule for NSW coal- and gas-fired power plants  

 
Source: Authors’ chart based on Kelp and Dundas (2013)  

Summary of ‘avoidable’ emissions sources and their alternatives  

Table 1 showed that there were about 35 Mt of emissions in NSW—conservatively expected to 
increase to about 40 Mt by 2050—which are practically unavoidable. Table 2 shows the 
remaining technically avoidable emissions grouped by major categories. It is noted that this is 
an ambitious list: avoiding some of the emissions below is likely to be technically very 
challenging, and the cost of the zero emission alternatives could be very high.  
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Table 2 Avoidable emissions, on a 2014 basis, CO2-equivalent  

Category of emissions  2014 Mt % 2050 Mt 

Total emissions  130.1 100 net zero 

Energy Industries (power generation and others)  55.6 42.7 net zero 

Manufacturing Industries and Construction  6.6 5.1 net zero 

Motorcycles, cars, light commercial vehicles, railways, boats 18.0 13.8 net zero 

Agriculture other than cattle and sheep  4.4 3.4 net zero 

Fugitive emissions from underground coalmines 12.4 9.5 all to energy 

Solid waste and wastewater  4.0 3.1 all to energy 

Subtotal of avoidable emissions  105.8 81.3 net zero 

 
Source: Authors’ chart based on Australia's emissions inventory data, 
http://ageis.climatechange.gov.au/NGGI.aspx#  

With the exception of emissions from agriculture, all of the emissions in Table 2 are related to 
energy. Energy used in the agriculture sector, (such as for tractors and machinery) are 
accounted for under fuel combustion in the emission inventory accounting system.  

List of technical options to achieve net zero emissions  

Technical options to achieve net zero emissions in energy conversion and utilisation almost all 
depend on the two steps of electrification and decarbonisation. NSW generation is 
predominantly coal-fired, which is the lowest cost dispatchable generation type in Australia, but 
has the highest emissions. (Victorian brown coal has lower costs and higher emissions intensity 
than NSW black coal). Electricity can be generated from many different fuels, and using various 
different technologies. Gas-fired power using high efficiency combined-cycle technology has 
lower emissions than coal, but faces high fuel prices in NSW with tight supply-demand 
conditions in the Eastern Australian gas market and Asian export netback price linkage via the 
Curtis Island LNG terminals in Queensland.  

The main technologies for the decarbonisation of electricity generation are: 

 Wind power  
 Solar PV  
 Solar thermal power  
 Biomass thermal power  
 Geothermal power  
 Hydropower  
 Nuclear power and  
 Coal- or gas-fired power with CCS  

Wind and solar photovoltaic (PV) power offer average energy costs that are declining towards 
that of coal-fired generation, but only if the cost of backup or storage needed to deliver the 
same service as existing dispatchable generation is not included in the economic calculation. 
Wind and solar PV are intermittent sources, with very low plant factors. Solar thermal power can 
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be designed with some thermal storage (ranging from an hour to a day), which allows supply to 
be slightly better matched to demand. Solar thermal is currently more expensive than solar PV.  

Biomass power allows for zero emission dispatchable generation with similar characteristics to 
conventional fossil fuel plants. Due to the relatively low energy density of biomass, and the need 
to avoid emissions from transporting it, the plant usually needs to be within 100km of the 
biomass supply source, which limits the potential for deployment of biomass electricity at scale. 
Biomass fired thermal generation is materially more expensive than fossil-fueled generation, 
due to the lower energy density, and the cost of transporting the fuel to the plant. 

While great promise for deep hot rocks geothermal energy was indicated in the Commonwealth 
Government’s 2012 Energy White Paper much of this promise has evaporated with the 

reduction in virtually all development activity in Australia. Exploration and development found 
the technology to be technically problematic and economically non-viable in Australia due to the 
complexities of characterising very deep hot rocks resources and also the long distances to 
transmit power from the point of generation (central Australia) to the load centres.  

Hydropower has high up-front capital costs, and high project-related risks, near-zero variable 
costs and no emissions. For practical purposes, hydropower in New South Wales (and Australia 
generally) is fully developed, with new sites suitable for major projects either unavailable or 
unlikely to receive environmental approval.  

Nuclear power has high up-front capital costs, low fuel and operating costs and no GHG 
emissions. There are no commercial reactors in Australia. Nuclear power is discussed below.  

Coal- and gas-fired thermal plants with CCS are in the early stages of commercialisation and 
are discussed further below.  

Scale implications of the emissions mitigation challenge  

Of NSW’s 14 GW of thermal (coal and gas) generation plants, 4 GW has been retired early and 
Figure 6 shows that all plants have passed their technical retirement lives before 2050. We 
assume optimistically, for the purposes of illustration, that energy efficiency and demand 
management offset all future demand growth, leaving the currently operating coal and gas 
plants to be replaced with the equivalent of 10 GW of dispatchable capacity.  

If the replacement capacity were intermittent renewables, between two and four times the 
installed capacity would be required to deliver the same annual energy. This is based on the 
assumption that the existing dispatchable plant operates in base-load (up to 90 per cent) and 
intermediate (40 to 60 per cent) regimes, while the plant factor for wind and solar is between 20 
and 30 per cent. Therefore, replacing 10 GW of dispatchable capacity would require between 
20 and 40 GW of intermittent renewables. If a factor of three is used 30 GW of renewable 
capacity would be required. So 30 GW of intermittent renewables capacity operating on average 
at 25 per cent would replace 10 GW of dispatchable coal and gas plant operating on average at 
75 per cent on an annual energy basis.  

On a capacity basis, intermittent renewable energy cannot be relied on at times of peak load, so 
an additional 10 GW of storage capacity would also be required. The installed wind capacity in 
Australia is about 4000 MW, of which 589 MW is in NSW: Cullerin Range (30), Capital and 
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Woodlawn (188), Gullen Range (166), Taralga (106), Boco Rock (53) and Gunning (46). 
Therefore, 30 GW of additional wind capacity in NSW is equivalent to 50 times the current 
installed wind capacity. Capital and Woodlawn wind farm precinct is the largest in NSW. Its 
188 MW occupy a 6000 hectare site, or 32 Ha/MW. At comparable density, 30 GW of wind 
would require sites totaling almost one million Ha: close to 1 in every 80 Ha in the state of NSW.  

Battery storage of 10 GW is equivalent to about 3 million Tesla Powerwalls, with a capital cost 
of about $10,000 each is a total of $30 billion. There are about 3 million households in NSW, so 
that would be equivalent to one Powerwall per household (although not all battery capacity 
would necessarily be installed in residences). However, the batteries provide less than two 
hours’ supply at the full 3.3kW capacity. Renewable energy has a capacity factor of about 25%, 
or about 6 hours in 24. Customers do not need full capacity at all times, but might need to have 
at least 6 hours. A Tesla Powerwall will deliver about 1 kW for a little over 6 hours. Therefore, to 
provide 10 GW, 10 million of the battery systems would be required: more than three per 
household, at a total cost of $100 billion. Storage for 6 hours would not necessarily be enough 
to ensure supply reliability in a renewable-only system, given the not unusual meteorological 
event of three calm, cloudy days in a row.  

Batteries may not be the most economic storage solution for a renewable energy-based system. 
A comparison to give a sense of scale is with the Snowy Hydro system, which has about 
4.1 GW of capacity, and typical annual energy generation is about 4 000 GWh (average 
operation of about 1000 hours or about 12% capacity factor, strategically focused on serving 
high value peak energy when wholesale prices are high. Therefore, the Snowy Hydro is 
equivalent to just over 2 million Tesla Powerwall systems each delivering 2kW for 3.2 hours 
each day. Snowy Hydro has some pumped storage, and could potentially increase its pumped 
storage capacity with the installation of additional turbines. There are various other sites in 
Australia that could implement dedicated pumped hydro storage. This includes two large-scale 
undeveloped pumped storage sites in Southern Queensland which could each be developed to 
the equivalent of 2 to 3 million Tesla PowerWall systems, for approximately one-tenth of the 
capital cost and with 10 times the operating life. 

The challenge of maintaining reliability in a zero emissions energy system  

System stability and reliability have historically been very high in Australia’s power grids and 

have tended to be taken for granted by the general public, by business, by government, by 
academics and even by professionals and technical experts in the industry. Supply reliability 
and the operational robustness of the grid are once again becoming topics of interest.  

Power systems have fundamental needs: load following, flexibility and dynamic response. 

Every power system is different but, in most systems, the practical upper limit for 

[intermittent] renewables is around 40% of total electricity generated. This may be 

exceeded but it is likely to require a greater level of interconnection with adjoining power 

systems, more energy storage, increased recourse to demand-side management and 

regulatory changes. (Bartlett, 2016)  

Reliability, stability and the importance of sufficient available capacity to meet peak demand 
from the generation level through the transmission grid to distribution networks are non-
negotiable requirements for the provision of electricity as an essential service. The economic 
principle that ‘there is no such thing as a free lunch’ applies. Technologies that drive down 
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emissions without driving up costs inevitably sacrifice supply reliability. Maintaining supply 
reliability while driving down emissions inevitably drives up costs.  

This has been vividly demonstrated in South Australia’s “market meltdown” and “statewide 

blackout” which are clearly linked to the weakening of the main power system due to the 

increased penetration of intermittent renewables driving the permanent and temporary closures 
of conventional synchronous generators.  With an average renewable penetration of 40%, the 
SA power system lacked the resilience to maintain synchronism with Victoria across the 
Heywood interconnection following minor contingencies, and then immediately collapsed.  

No investigations have been made of the robustness of the future NSW power system under the 
Zero emission scenario to withstand every-day contingencies, however it is almost certain that it 
would lack the necessary robustness, unless very large investments are made in transmission 
and synchronous generation sources.  These additional integration costs could well exceed the 
additional costs of the renewables generation resources themselves, making the attainment of 
renewable penetration greater than 40% unattainable from a cost and reliability perspective. 

This paper uses the Levelised Cost of Energy (LCoE) method to make comparisons between 
electricity generation types with different combinations of capital cost, fuel cost, and fixed and 
variable operation and maintenance costs. It is important to note that the LCoE method 
completely obscures the value of capacity, and becomes practically meaningless when 
comparing dispatchable plant types (such as coal, gas, nuclear or geothermal power) with non-
dispatchable intermittent plant types (such as wind and solar power). For that reason, this paper 
only uses LCoE for comparable dispatchable plants that can plausibly operate at similar 
capacity factors.  

Security considerations for a system with ‘Internet-of-Things’ distributed generation  

In 2016, the Federal Treasurer announced that the NSW government sale of the Ausgrid 
transmission network to a consortium including a mainland Chinese company would not be 
approved, on security grounds.  

In 2010, the Stuxnet malicious computer worm, infected Windows computers and industrial 
Programmable Logic Controllers (PLCs) and the Siemens Step7 control software at its single 
intended target: the Natanz uranium enrichment plant in Iran. The plant was not connected to 
the Internet. The publicly available information on Stuxnet establishes the fact that industrial 
systems with no internet connection—which may have previously been considered 
impermeable—are not immune to cyber attack.  

A future energy vision with the following characteristics is gaining popular appeal. Households 
(and perhaps small businesses) will be largely self-sufficient, through solar PV and batteries, 
and perhaps other micro-generation technologies, will have smart meters that are intelligently 
programmed to adjust discretionary demands and battery charge and discharge patterns in 
response to real-time market prices, and will all be remotely-controllable over the internet. The 
meters, batteries, and load controls will be part of the Internet-of-Things. This alluring vision is 
often presented as part of the transition to renewable energy. However, it would be wise to 
consider several questions first. Among those questions are: 1: What is the control philosophy 
for an electricity system operating on those principles? 2: Would such a system be stable and 
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deliver the level of supply reliability required by customers? 3: Can a system with exposure via 
millions of home internet connections be protected against malicious attack?  

A system dominated by renewables-and-batteries with massive autonomous control at the 
distribution level represents a radical departure from the established dispatch and control 
systems used to maintain stable grid operations since the origins of utility electricity service. 
While such an approach ‘turns the grid inside out’ there is no known answer to these key 

questions at the time of writing.  

Generation cost structures in the existing NSW power system  

Figure 7 shows, for reference, the costs per MWh of existing coal plants in the Hunter Valley in 

NSW (and the Latrobe Valley in Victoria). These plants are the ‘engine room’ of the existing 

Australian grid in the south-eastern states. For the purposes of the chart, these plants are 

treated as fully depreciated, with no capital charge on their cost structure. Consistent with the 

assumptions in the Australian Power Generation Techology Report (APGT: Bongers, 2016), fuel 

costs are assumed to be $1.38/GJ for brown coal and $3.00/GJ for NSW black coal, equivalent 

to $75/t on a 6000 kCal/kg basis, although domestic coal is typically lower quality than export 

coal. The APGT uses a natural gas price assumption of $6.50/GJ, the mid-point of $5–8/GJ.  

Figure 7 Levelised Cost of Electricity for existing base-load plants and new gas plants  

 
Source: Authors’ chart, calculations using data from Kelp and Dundas (2013) and Bongers (2016)  

With no return on capital, the base-load cost structures for Victorian brown coal ($36/MWh) and 

for NSW black coal ($38/MWh) sit comfortably below the National Electricity Market (NEM) 

annual average price level.  
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There is 606 MW of combined-cycle gas turbine (CCGT) capacity in NSW at the Tallawarra and 

Smithfield plants. The economics of new build natural gas-fired CCGT is shown for comparison 

purposes. With capital costs of $1450/kW excluding interest during construction) and an 

assumed gas price of $6.50/GJ, CCGT running as base-load would have a levelised cost of 

$78/MWh, well above current annual average wholesale market prices. The gas market in 

Eastern Australia is currently very tight, onshore natural gas exploration and production is not 

allowed in NSW and Victoria, and Asian LNG netback price linkage via exports from Gladstone 

is now a long-term market reality. The assumed price is a low estimate in the current market: if 

a new power plant could contract for gas supply at all, the delivered price would likely exceed 

$6.50/GJ. A higher gas price assumption would push the CCGT line in Figure 7 upwards. For 

example, changing the gas price from $6.50 to $10/GJ moves the LCoE from $78 to 103/MWh 

at a zero carbon price.  

Figure 7 also shows the effect of carbon prices on the levelised cost of base-load electricity. A 

carbon price above $50/t CO2 would be required for CCGT to be lower cost than existing brown 

coal generation, and a carbon price exceeding $80/t CO2 combined with $6.50/GJ gas price 

would be required for to displace existing NSW black coal. The resulting wholesale electricity 

price would be about $95 and $105/MWh in those two cases: well in excess of currently 

prevailing annual average wholesale price levels. Decreasing the assumed base-load operating 

below 91% (8000 hours) would further increase the levelised cost of electricity.  

Cost and policy implications of a zero emissions energy system  

Zero emissions energy systems involve very high costs, with capital costs being a major driver. 

Figure 8 includes the same CCGT plant and existing NSW black coal plant as in Figure 7. 

Added to the chart are new ultra-supercritical plant using black coal, and three low- or no-CO2 

plant types: integrated gasification combined-cycle (IGCC) coal plant with CCS; natural gas 

combined cycle with CCS, and new nuclear plant. The cost of new third-generation advanced 

passive nuclear plants in China are shown for comparison. The large cost difference highlights 

the challenges of Australia’s high construction cost environment for large, capital-intensive 

engineering projects.  

Figure 8 shows that gas-fired CCGT generation in baseload competition with existing coal 
plants is out of the money below carbon prices of $80/t CO2, would break-even with new coal 
plant given $6.50/GJ gas and would have lower LCoE than coal given a carbon price. New 
baseload gas plants with CCS would need a carbon price above $80/t CO2 to compete with new 
ultra-supercritical coal plants without CCS, above $120/t CO2 to compete with existing coal 
plants, and more than $200/t CO2 to compete with other gas plants without CCS. The chart also 
shows that nuclear generation would be more expensive than gas generation with CCS in 
Australia, requiring a carbon price in excess of $500/t CO2, which is extreme. However, only 
nuclear offers zero emission dispatchable base-load generation. Coal with CCS offers a low 
emission alternative, but currently at a cost even higher than nuclear power.  
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Figure 8 Levelised Cost of Electricity for low- or no-CO2 generation in NSW  

 
Source: Authors’ chart, calculations using data from Bongers (2016)  

The policy environment is characterised by the following considerations:  

 the likely retirement of the existing generation fleet between 2020 and 2045 (Figure 6)  
 the expected continuing need for dispatchable base-load generation to ensure reliability  
 the long lead times required for planning, approval, design, contracting and construction  
 the very high cost structure of new low emission or zero emission base-load generation  
 the current lack of technical, geological and policy conditions to support CCS  
 the current policy that does not allow nuclear power generation in Australia  
 the aspiration of the Government for NSW to achieve net zero emissions by 2050  

To achieve the aspiration of net zero emissions, while continuing to provide a reliable supply of 
electricity, NSW would need to replace its existing base-load power station fleet with either 
nuclear power stations or coal-fired power plants equipped with CCS.  

It is clear from Figure 8 that reductions in the capital cost of CCS or nuclear power generation 
will be very important if NSW is to achieve its aspirational goal of net zero emissions by 2050. 
The cost implications of the aspirational goal if the costs of low or zero-emission technologies 
shown in Figure 8 cannot be reduced are discussed further below.  
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The imperative and prospects for reducing the capital costs of CCS power plants  

Apart from IGCC with CCS, other technologies are under development. Two examples from 
Canada and the US, respectively, are:  

 use of adsorbent structures for post-combustion CO2 capture process in a machine 
similar to a rotary air preheater, technology that has been used in thermal power stations 
for more than 80 years, offering the prospects of lower cost, non-toxicity and higher 
efficiency than amine solutions, and applicable to either coal- or gas-fired plants3  

 a variation on the Brayton cycle using super-critical CO2 with gas turbines, being 
implemented in a 10 MWe pilot project at San Antonio, Texas by two research institutes 
and GE Research with support from the US Department of Energy. The power plant is 

slated to begin operation in 2020. (Maloney, 2016a)4  
 the newly developed Allam cycle direct-fired super-critical oxy-combustion CO2 

based on, which is at the demonstration plant stage in a 25 MWe plant under 
construction at Plano, Texas, which is designed for natural gas. The company aims to 

have the demonstration project in operation in 2017 and then build a 300 MW 

commercial gas plant that uses supercritical CO2 by 2020. (Maloney, 2016b).5  

The Allam cycle technology claims a far smaller physical footprint than other technologies: a key 

factor in reduced capital costs, and lower levelised costs of electricity generation (Figure 9). 

Figure 9 The Allam cycle and plants at scale with the same power capacity  

 

 
Source: netpower.com/technology/  
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‘Finding an economic use for carbon dioxide is one of the problems that has to be solved to 

make carbon capture technologies viable. If CO2 is heated under pressure it can become 
supercritical, with properties of both a gas and a liquid. In that state, it can be used as the 
working fluid in a gas turbine’ (Maloney, 2016a).  

Modern supercritical steam turbines achieve higher thermal efficiencies than older sub-critical 
steam turbines. All new coal-fired power plants constructed in China are supercritical or ultra-
supercritical. All existing coal-fired steam turbines in the Hunter Valley in NSW are sub-critical.  

‘In a supercritical state CO2 also undergoes drastic density changes over small ranges of 
temperature and pressure. Those changes can be exploited to extract a large amount of energy 
from equipment that is relatively small in size, meaning supercritical CO2 engines can reach 
higher thermal efficiencies than conventional technologies’ (Maloney, 2016a).  
 

Potential actions identified under “Accelerating Advanced Energy” in the Climate Change 

Fund—Draft Strategic Plan are applicable to technology such as the use of supercritical CO2 in 
the Allam cycle or the Brayton cycle, or post-combustion CO2 capture:  

 Attract investment in advanced energy demonstration projects  
 Provide start-up funding to accelerate innovation in advanced energy  
 Make Sydney the Asia-Pacific’s carbon market hub6  

As the leaders in this technology are in the US, Canada and Japan, and pilot, demonstration 
and first-of-a-kind projects are progressing internationally; this is an example of a field where 
NSW could deploy a fast follower strategy.  

The imperative and prospects for reducing the capital costs of nuclear power plants  

Current estimates of the capital cost of building nuclear power plants in Australia are very high. 
In contrast, the capital cost of building nuclear power plants is very low in China, considered a 
world leader in third generation (Gen 3) nuclear plants, which are inherently safer than second 
generation (Gen 2 and Gen 2.5) plants.  

Four Toshiba Westinghouse 1000 MW advanced passive (AP1000) pressurized water reactors 
(PWR) are under construction in China: two at Sanmen in Zhejiang and two at Haiyang in 
Shandong province. Four are under construction in the United States: two at Vogtle in Georgia 
and two at VC Summer in South Carolina.  

The keys to the low capital cost of nuclear reactors in China are:  

 avoiding delays in construction programmes  
 a design that reduces material requirements (specific to AP technology: Figure 10)  
 low cost of capital  
 low labour costs  
 a large industrial programme with standardized designs  
 modular construction, delivered to sites in China, and in readiness for future exports  

Some, but not all of those keys could be implemented in NSW.  
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Figure 10 How passive third generation reactors have reduced capital cost and improved safety  

 
Source: Toshiba Westinghouse and SNPTC  

The passive safety design simplifications shown in Figure 10 have a similar effect in reducing 
capital costs as the integrated design of carbon capture shown in Figure 9.  

It must be noted that nuclear power is not currently permitted in Australia. This is a Federal 
policy issue, and is discussed further below.  
 
Potential actions identified under “Accelerating Advanced Energy” in the Climate Change 

Fund—Draft Strategic Plan are applicable to pioneering nuclear power generation in NSW:  
 Identify low-emissions pathways for emissions intensive sectors  
 Reduce emissions in NSW to support achievement of Commonwealth objectives  
 Identify cost-effective pathways to achieve net-zero emissions  

Given that the leaders in this technology are in Japan, the US and China, with two first-of-a-
kind projects under construction in China and the US, this is an example of a major opportunity 
for NSW to deploy a fast follower strategy.  

Capital investment implications of the options to achieve net zero emissions  

Table 3 shows the capital investment requirements to replace 10 GW of dispatchable base-load 
plant in NSW, based on the assumption used for the renewables illustration above that energy 
efficiency and demand management could offset all demand growth.  

Gas-fired CCGT has the lowest capital cost, and the lowest levelised cost, but suffers from 
several problems. Natural gas in the quantities required is not available in NSW. Natural gas 
exploration and production is currently prohibited in NSW and Victoria. Gas-fired plants emit 
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less CO2 than coal-fired plants without CCS, but they still emit CO2, so are not compatible with a 
zero emission policy goal.  

Table 3 Capital investment to replace 10 GW of dispatchable base-load plant in NSW  

Plant type  Fuel Overnight 
unit cost 

Financing 
incl. IDC for 
10,000 MW 

Levelised 
cost in 

baseload 

Emissions 

  $ /kW $ billion $ /MWh kg CO2 /MWh 

Combined Cycle Gas Turbine  gas  1 600  18 90 345 

Supercritical Pulverised Coal  coal  4 000  49 105 660 

IGCC with CCS  coal  14 000  171 317 132 

Nuclear  uranium  12 800  172 286 – 

Source: Authors’ research and calculations, Kelp and Dundas (2013)  

Base-load electricity from unabated supercritical coal plant is shown in the table for comparison. 
Its emissions are almost twice those of unabated gas-fired CCGT. Coal-fired IGCC with CCS 
has considerably lower emissions, but they are still not zero. Therefore some BECCS would be 
needed to achieve zero emissions. On current cost estimates, IGCC with CCS is very 
expensive. At more than $170 billion, the financing requirement for 10 GW of IGCC with CCS is 
about one-third of NSW gross state product in 2015-16. The levelised cost of electricity from 
IGCC with CCS would be about five to six times the current annual average NEM price level 
and greater than current residential retail tariff levels of about $250/MWh, prices that include 
significant transmission and distribution network charges, reflect the cost of loads with high 
demand and low annual energy, as well as retail margins.  

The financing requirement for 10 GW of nuclear power (10 standard size reactors, implying five 
plants in the usual two-unit configuration) is about the same as for IGCC with CCS. The CO2 
emissions would be zero7 and the cost of base-load electricity would be slightly lower than for 
IGCC with CCS.  

Competitiveness implications of a zero emissions energy system  

A zero emissions energy system has a number of adverse implications for the competitiveness 
of the economy. The first relates to capital productivity. All zero emission energy technologies 
are far more capital intensive than the traditional technologies they would replace. Therefore 
vastly more capital needs to be allocated to deliver the same energy service. That capital is 
therefore not available elsewhere in the economy, where it would otherwise have been 
delivering other goods and services and contributing to raising standards of living.  

Hence capital productivity will inevitably be lower in a zero emissions energy system than would 
otherwise be the case. Ultimately, total factor productivity is what matters for economic growth, 
taking into account capital, labour, energy and materials. A zero emissions energy system will 
tend to drive up the cost (and price) of energy, which will stimulate increased energy 
productivity. That can be achieved though technical efficiency improvements, which usually 
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require increased capital, further impacting capital productivity. Another effect is that energy-
intensive industries would be driven away, appearing as increased energy productivity in NSW, 
offset by reduced energy productivity elsewhere. Labour and materials productivity are more 
complex and beyond the scope of this paper to comment on.  

Federal issues  

The challenge of offsetting unavoidable emissions means that NSW to achieve the aspirational 
goal of net zero emissions by 2050. Large scale carbon sequestration is unavoidable for a 
net zero emissions strategy. NSW would need to become the world leader in CCS 
irrespective of its power sector policy.  

However, to avoid putting all its net zero emission eggs in the CCS basket, NSW would need to 
develop some base-load nuclear power plants. The footings of Australia’s first commercial 

nuclear power plant were poured on Commonwealth government territory at Jervis Bay less 
than 200km south of Sydney in the early 1970s, and abandoned shortly after. Implementing the 
‘nuclear option’ as part of a net zero emissions strategy would require the NSW 
Government to negotiate with the Federal government to lift the ban on nuclear power.  

It has become clear that the existing ‘energy-only’ design of Australia’s National Electricity 

Market is not compatible with a high penetration of renewable energy. It has become clear 
in the UK that the kind of government guarantees required for new build nuclear power are not 
compatible with competitive electricity markets. It has become clear in the US that competitive 
pressures from subsidised wind power (and low gas prices) have made new nuclear plants 
uncommercial and have even caused closures of existing older nuclear plants. All low and no 
emission technologies are highly capital-intensive. A net zero emission power sector is not 
compatible with the present market design, and may not be compatible with competition at all.  

Electricity remains a state responsibility under the Commonwealth Constitution. However, the 
National Electricity Market is the product of deep and profound State-Federal co-operation. Net 
zero emissions in NSW would have ramifications at the Federal level and for other states.  

Deployment of CCS at scale in perspective  

NSW would require between 40 and 120 Mt of CO2 capture and storage each year to achieve 
net zero emissions, based on its 2014 emissions profile. The global status of CCS puts the 
scale of this challenge into perspective. In 2016, there were 38 large-scale CCS projects 
globally with a combined CO2 capture capacity of approximately 70 Mtpa. Some 21 projects 
totaling 40.3 Mtpa were in operation or construction, 6 projects totaling 8.4 Mtpa were in 
advanced planning and 11 projects totaling 21.1 Mtpa were in earlier stages of planning.  

Therefore, to achieve net zero emissions without emission trading, NSW would need to become 
the world leader in carbon capture and storage projects, as well as the world leader in zero 
emission electricity generation and transport electrification.  

Availability of suitable geo-sequestration and power plant sites in NSW  

Compared to most other States in Australia, NSW's deep sedimentary basins are virtually 
unexplored. This is largely due to the fact that early petroleum discoveries in Queensland, 



The NSW Climate Change Policy Framework—a public interest discussion paper 

 26 

Victoria and Western Australia attracted petroleum exploration away from NSW. To address this 
gap in knowledge, NSW Department of Industry is coordinating the ‘NSW CO2 Storage 
Assessment Project’ with the aim of undertaking a statewide assessment to identify potential 

storage opportunities in NSW. The project has started and is expected to run until the end of 
2016.8  

NSW is also actively looking at non-conventional forms of CO2 storage as part of the 
development of a portfolio of storage options available to meet differing requirements 
throughout the State, including a project on ‘Permanent Large Scale CO2 Storage by Mineral 
Carbonation in NSW.9  

Australia’s basins were ranked for CO2 storage potential in 2009, as shown in Figure 11. As the 
Carbon Storage Taskforce (2009) reported: CO2 ‘[t]ransport and storage tariffs vary widely for 

hub/basin combinations.’ Therefore, ‘[i]t is essential that modelling of CCS as an element of 
energy futures in Australia should differentiate CCS costs by location.’ The report estimated that 
transport of large quantities of CO2 from the Latrobe Valley to Gippsland Basin storage sites 
range around 10 $/t CO2 avoided, compared to around 30–60 $/t CO2 avoided for CO2 
transported from central east Queensland to the Eromanga Basin. (The distance from the 
Hunter Valley to the Cooper Basin is slightly longer). For the power generation sector, this 
translates to an additional 1–10 $/MWh for electricity generation costs, dependent on location. 
This does not include the costs for the new upstream generating and capture capacity. 

Figure 11 Australia’s basins ranked for CO2 storage potential  

 
Source: Carbon Storage Taskforce (2009)  

Figure 12 shows that Australia’ petroleum basins are mostly outside NSW. However, the 

northwest region of NSW, near the border with Queensland and South Australia, is close to 



The NSW Climate Change Policy Framework—a public interest discussion paper 

 27 

mature, depleted oil fields. Oil fields are good candidates for CO2 injection because their 
reservoir properties are proven, and because CO2 can be used for enhanced oil recovery 
(EOR). As the pie charts on the map show, Australia’s producing oil fields, particularly the 

onshore fields in the Cooper-Eromanga basin complex, are mature and heavily depleted.  

Figure 12 Australia’s oil basins, pipelines, crude oil production and remaining reserves  

 
Source: Geoscience Australia  

The key factors in siting decisions for power plants with carbon capture are storage are:  

 access to confirmed geological storage within economic distance of the plant  
 access to fuel at a feasible commercial price  
 access to cooling water (for water-cooled plants)  
 access to electricity transmission and commercially attractive electricity prices  

Table 4 summarises potential locations for future CCS plants in NSW using these criteria, and 
compared with existing plants.  
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Table 4 Factors in plant siting decisions  

Plant  Location  CCS  Fuel  Cooling  EOR  Transn 

 examples      km to load  

Existing fleet  Hunter Valley  Retrofit  black 
coal  

Surface 
water  

No: too far to 
be economic  

Existing  
<200 km  

New build  Hunter Valley Integrated  black 
coal  

Surface 
water  

No: too far to 
be economic  

Existing  
<200 km  

New build  North-west 
NSW 

Supercritical 
CO2  

natural 
gas  

Artesian 
water or 
air-cooled  

Cooper-
Eromanga 
basin  

700 - 1200 km 
to Syd, Mel, 
Bris, Adelaide  

New build  Jervis Bay  n/a uranium  sea water  n/a <200 km  

Source: Authors’ research  

Opportunities to import electricity from future interstate CCS plants  

The Carbon Storage Taskforce (2009) ranked the Eromanga and Cooper basins second and 
fifth nationally, with P50 CO2 storage capacities of 26.8 and 7.9 Gt, respectively, out of 417 Gt 
Australia-wide, for a CO2 storage efficiency factor of E=4.0%. East coast basins have 40 per 
cent of Australia’s estimated CO2 storage capacity.  

Figure 13 shows the six major eastern Australia emission hubs in blue, with the areas of the 
circles indicating the magnitude of the emissions. The main eastern CO2 storage basins are 
shown as red, with the areas of the circles proportional to the storage capacity of the basin in 
millions of tonnes of CO2 per annum for 50 years of injection, based on the conservative 
assumption of E=0.5%. 

As the map shows, the major emission hubs in Victoria and Queensland are closer to potential 
CO2 storage sites, while the Hunter Valley emission hub is very remote from potential CO2 
storage sites. Latrobe Valley coal is closer to the Bass Strait potential storage site than any 
other major emission hub in Australia. Therefore, imports of electricity generated in Victoria with 
CCS could potentially contribute to NSW’s aspiration of net zero emissions by 2050.  

Potential solutions for zero emission dispatchable electricity supply in NSW include:  

 import of electricity generation from brown coal in Victoria, injecting CO2 into the 
Gippsland basin, potentially made more commercially attractive by EOR,  

 rail transport of coal to the northwest to new, integrated plants injecting CO2 into the 
Cooper-Eromanga basin, with the electricity transmitted back towards the Sydney 
demand centre,  

 new, high efficiency gas-fired plants with CCS—perhaps based on the Brayton or Allam 
cycles— injecting CO2 into the Cooper-Eromanga basin, with the electricity transmitted 
back towards the Sydney demand centre, or  

 new nuclear power plants at suitable sites on the NSW coast.  
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With the exception of nuclear plants and the possible exception of the Allam cycle, the other 
solutions would require BECCS to offset the residual emissions to achieve net zero emissions.  

Figure 13 Hub emission levels and basin storage capacity – eastern seaboard 

 
Source: Carbon Storage Taskforce (2009)  

Another alternative would be for NSW to purchase emission reductions or offsets from other 
states, or from overseas. Such a programme would likely involve very large financial transfers if 
the net zero emission target is to be achieved. Figure 14 shows that the Eastern Australian grid 
is effectively a long, linear system from Port Lincoln and the northern extremity of the South 
Australia at one end, through Victoria and NSW to the northern limits of the system in 
Queensland at the other end.  

If new generation was sited in the north-west of NSW to be close to Cooper-Eromanga CO2 
injection sites, new transmission connections linking the plants to Queensland and South  



The NSW Climate Change Policy Framework—a public interest discussion paper 

 30 

Figure 14 The Eastern Australian electricity grid over which the NEM operates  

 
Source: AER (2015)  

Australia would create a ring configuration, which is intrinsically stronger than a long linear 
system. The logical connections into a suitable strong node on the grid enabling unconstrained 
flows to the Newcastle-Sydney-Wollongong and Canberra load centres would further strengthen 
the whole system. A system would not normally be developed that way with generation so far 
from load centres: but the high cost of piping CO2 driving the plants to be relatively near the 
injection sites would provide the additional benefit of a greatly strengthened transmission grid.  
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The electricity transmission cost alone of developing low emission and renewable power 
generation facilities in remote NSW would exceed $10 Billion due to the distance of 
approximately 1 000 km to the main load centre in the greater Sydney area, and the absence of 
existing transmission infrastructure.  Although such a solution would not be the lowest cost 
among low emission and zero emission options, it would be a candidate worthy of serious 
consideration for the long term, alongside nuclear power plants. On current understanding of 
costs, it would be expected to be more competitive than intermittent renewable energy with the 
necessary backup or large-scale storage.  

Cost implications compared with the state budget and state economic activity  

CCS is in the early stages of technology development, characterised by high project risk and 
first-of-a-kind costs. It can be marginally commercial in sites that have Enhanced Oil Recovery 
(EOR) customers, but is currently non-commercial and requires government support on a multi-
billion dollar scale elsewhere.  

For reference purposes, at an estimated cost of $100/t10 of CO2, the annual cost estimate would 
be $4 billion for the minimal case of 40 Mtpa of BECCS to offset unavoidable emissions. That 
does not include the cost of the biomass supply and the biomass plant construction or 
conversion capital cost. For comparison, it exceeds the 2015-16 NSW State Government 
budget surplus of $3.4 billion. The final demand of the NSW economy in 2015-16 was 
$516 billion, with annual growth of 3.9 per cent. Using CCS at a cost of $100/t to achieve all 
120 Mt of sequestration required for net zero state emissions would cost $12 billion, equivalent 
to 2.3 per cent of GSP in 2015-16.  

The annual turnover of the National Electricity Market (NEM) as a whole in 2014-15 was 
$8.2 billion. The NSW share of NEM turnover is less than $3 billion. Therefore, at $100/t of CO2, 
the cost of CCS required by NSW to achieve net zero emissions—before allowing for growth (or 
decline) in baseline emissions—would be between two and four times the cost of wholesale 
electricity in NSW in 2014.  

Offsetting NSW emissions by reducing emissions in other countries may be an alternative to 
reducing emissions in NSW. It is not yet clear whether international offsets will be available. 
‘The Kyoto Protocol enshrined emissions trading and offsets mechanisms as fundamental 
components of carbon/GHG markets that were further elaborated in the [European Union 
Emission Trading Scheme] and other national and subnational cap and trade systems. [The 
Paris Agreement] provides no such comprehensive structure for carbon markets. Article 6 
opens the door for nations to cooperate voluntarily including through use of internationally 
transferred mitigation outcomes (6.2), and establishes a new mechanism for offsets that 
mitigate GHG emissions and support sustainable development (6.4). As well, (6.8) and (6.9) 
establish a non-market approaches to promote mitigation.’ (Flannery, 2016) Given that (a) the 
Paris Agreement does not provide for carbon markets as the Kyoto Protocol did, (b) the 
uncertainty surrounding the voluntary bilateral transfer of emission reductions and non-market 
approaches to promote mitigation, (c) the unknowns with respect to Australian government and 
foreign governments’ policies in this area and (d) work to implement the Paris Agreement has 
only just begun, it is not possible at this stage to estimate the cost of partial or complete offset of 
NSW’s emissions thorugh international permits.  
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Land use implications of the technical options to achieve net zero emissions  
The minimum sequestration required to offset unavoidable emissions in NSW is projected to 
increase from about 35 Mt in 2014 to over 40 Mt by 2050. Sequestration through land 
management methods was about 10 Mt in 2014, which would need to increase to 40 Mt by 
2050 to make the net zero emissions goal possible. The land required to sequester 40 Mt per 
year through afforestation in NSW can be estimated. According to Burns et al (2011), the most 
intensive sequestration available in NSW is from north coast eucalyptus species in long (45 
year) rotation forests in the Northern Tablelands and the North Coast regions. The mean annual 
increment of growth is 9 m3/ha.y. In other regions of NSW, mixed native carbon plantings have 
lower intensities, as summarised in Table 5.  

Although the intensity is lower than long rotation hardwood plantations, the authors showed that 
carbon plantings have the greatest potential for sequestration. In the ‘ambitious global action 
scenario’, the authors calculated that 34.5 Mt of CO2 could be sequestered cumulatively in NSW 
between 2012-13 and 2049-50 from 2.3 million hectares (Ha) of carbon plantings. NSW is about 
800,000 sq.km, which is 80 million Ha, so that represents just under 3 per cent of the state’s 

land, shows as the red areas in Figure 15. That scale of sequestration is less than the annual 
sequestration required to offset just the unavoidable 40 Mt of GHG emissions of NSW.  
 
Table 5 Emission sequestration of Australian plantation species and growth rates by region  

Region  species rotation  MAI sequestration  

Long rotation hardwoods  years  m3/ha.y  tCO2-e/ha.y  

Murray Valley  E. globulus  45 9 14.5 

North Coast  North Coast eucalyptus  45 9 14.5 

Northern Tablelands  North Coast eucalyptus  45 9 14.5  

Carbon plantings by NSW regions  

North Coast  Mixed native  – 4.4  10 

Bombala – East Gippsland  Mixed native  – 3.3  7.6 

Northern Tablelands  Mixed native  – 2.5  5.8 

Central Tablelands  Mixed native  – 2.3  5.3 

Murray Valley  Mixed native  – 2.2  5 

Southern Tablelands  Mixed native  – 2.1  4.8 

Rest of NSW  Mixed native  – 1.1  2.6  

Source: Authors’ table based on Burns et al (2011)  

Offsetting just the 35 Mt pa of unavoidable GHG emissions of NSW through carbon plantings 
alone would require 2.3 million Ha of carbon plantings each year. Without allowing for emissions 
growth that would require 80 million Ha to offset 35 years of unavoidable emissions, which is 
the entire land area of NSW. Given that only a fraction of NSW land area would be available for 
carbon plantings (non-urban areas, not already forested, with suitable soil and rainfall, and not 
needed for agriculture or other purposes), it is clear that there is insufficient suitable land in 
NSW to rely on carbon plantings to offset unavoidable emissions. Therefore, biomass with CCS 
on a large scale will be required to achieve net zero emissions.  
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Figure 15 Potential land use conversion to reforestation under ambitious global action scenario  

 
Source: Burns et al (2011) 

The ‘double whammy’: allocating scarce resources to mitigation and adaptation  

The text of the United Nations Framework Convention on Climate Change (UNFCCC) mentions 
the words ‘mitigate’ or ‘mitigation’ four times and ‘adapt’ or ‘adaptation’ six times. In the Kyoto 

Protocol the count is two and five, respectively. For the first two decades after 1992, the main 
emphasis of international efforts on climate change among high income countries was on 
mitigation, although adaptation was important, particularly for low income countries.  

The English language text of the Paris Agreement mentions ‘mitigate’ or ‘mitigation’ 23 times 

and ‘adapt’ or ‘adaptation’ 49 times. This reflects a shift in emphasis in recent years, consistent 
with recognition that mitigation efforts may not necessarily be successful in achieving the 
targeted climate outcomes.  

Table 6 Mentions of mitigation and adaptation in international climate change agreements  

Document  pages ‘mitigate’ or ‘mitigation’  ‘adapt’ or ‘adaptation’  

1992 UNFCCC 24 4 6 

1997 Kyoto Protocol  20 2 5 

2015 Paris Agreement  25 23 49 

As Figure 1 shows, the INDC pledges made under the Paris Agreement go only a very small 
way towards achieving the emission mitigation associated with an increased of 2ºC or less in 
global average temperatures. On its own, achieving net zero emissions in NSW by 2050 would 
make no measurable difference to global climate outcomes. NSW leadership may inspire other 
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jurisdictions around the world to follow. Nevertheless, it would be optimistic (some would say 
naïve or fanciful) to count on such an outcome and be unprepared for any alternatives.  

It would be prudent policy to consider the possibility that adaptation measures may be needed. 
The worst case situation would be to deploy large amounts of public and private capital to 
mitigation measures, only to find that global mitigation efforts are inadequate and adaptation 
measures are then required. This is referred to as an economic ‘double whammy.’  

Such an outcome would represent a clear failure of the aim of the proposed policy, which is to:  

[m]aximise the economic, social and environmental wellbeing of NSW in the context of a 

changing climate and current and emerging international and national policy settings and 

actions to address climate change.  

Fast follower strategies offer the potential to avoid the problem of the ‘double whammy.’  

4. The gap between the government roles and the aspirational goals  

 

An aspirational emissions  
savings objective 
The NSW Government’s objective is  
to achieve net-zero emissions by 2050.  
This long-term objective sets a clear statement of  
government’s intent, commitment and level of ambition  
and sets expectations about future emissions constraints  
that will help the private sector to plan and act.  

Key issue: To plan and act, the private 

sector needs clear price signals. An 

aspirational policy goal alone is not 

sufficient. In the absence of price signals, 

companies would need to act against 

their shareholders’ interests, which would 

be a breach of their fiduciary duty.  

Source: NSW Government (2016)  Authors’ analysis  

The left hand side of Figure 16 shows NSW’s historical greenhouse gas emissions by sector 
and removals by land use, land use change and forestry from 1990 to 2014. The right hand side 
of the figure shows the aspirational goal of net zero emissions by 2050 and the scale of the 
challenge required to meet it. The projections assume that there is no net growth in unavoidable 
emissions from industrial processes, that emissions from cattle and sheep decline slightly 
consistent with historical trends, even if meat exports to Asia grow significantly, that domestic 
aviation emissions and heavy truck and bus emissions grow in line with historical trends, and 
that all other road transportation can be fully electrified, shifting emissions to the stationary 
energy sector, as the path to decarbonisation. The projections assume that underlying 
economic and demographic growth can be fully offset by increased energy efficiency.  

The minimum carbon sequestration capacity required by 2050 would be 40 Mt per annum to 
offset the unavoidable emissions. That would require an electrification strategy based on a 
combination of renewable energy and nuclear power only. An electrification strategy with no 
nuclear power and no additional renewable energy would require 120 Mt of annual carbon 
sequestration capacity. Significant shifts in public attitudes to the resource industries in key 
communities may be required to enable CCS.  



The NSW Climate Change Policy Framework—a public interest discussion paper 

 35 

Figure 16 Trends of NSW greenhouse gas emission sources and sinks, 1990-2014 and to 2050  

 
Source: Authors’ chart based on Australia's emissions inventory data to 2014, authors’ projections to 
2050 http://ageis.climatechange.gov.au/NGGITrend.aspx#  

 

THE NSW GOVERNMENT’S  
ROLES IN CLIMATE CHANGE  
The NSW Government will take emissions savings  
action that is broadly consistent with the level of effort  
to achieve Australia’s short and long term emissions  
savings objectives and take adaptation action that  
helps the NSW community adjust to a changing climate. 

Key issue: Australia’s short and long 

term emissions objectives—like those of 

practically every other country—are a 

very long way from net zero by 2050. 

NSW’s policy, operations and advocacy 

roles are not sufficient to get close to 

achieving net zero emissions by 2050.  

Source: NSW Government (2016)  Authors’ analysis  

The NSW government’s roles as described—setting policy, in government operations and 
national and international advocacy—through the examples of energy efficiency, advanced 
energy, transport, carbon farming, government purchasing, asset management, service delivery 
and advocating within the COAG Energy Council for reforms to the National Electricity Market, 
will make only a small contribution to achieving the aspirational goal.  

5. Policy directions are limited relative to the aspirational goals  

Directions and rationale are not currently aligned with the policy goals and context  

The policy directions described in the policy framework are admirable. However, the directions 
are not sufficient to realise the aspirational goal and in several key respects are not aligned with 
the policy goals or with the prevailing national policy and global context.  
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Table 7 Aspects of the policy where alignment with goals and context warrants review  

Direction  Comment on the direction and stated rationale  

Create a certain investment 
environment by working with the 
Commonwealth to manage 
transition  

The rationale states “As the world moves to net-zero emissions” 

but, as Figure 1 shows the world is very far from doing so, and 
has not actually adopted such a goal, let alone shown how it 
could be achieved.  

Boost energy productivity, put 
downward pressure on 
household and business energy 
bills  

Energy efficiency measures are among the most cost-effective 
ways of reducing emissions. The IEA considers they would be 
needed to meet about half of the 2ºC target. By themselves they 
cannot achieve a net zero emissions target.  

Capture co-benefits and 
manage unintended impacts of 
external policies  

“[P]ositive co-benefits from emissions savings efforts, such as 
improved health from reduced air pollution” are potentially large 

in countries such as China and India, but limited in NSW.  

Take advantage of opportunities 
to grow new industries in NSW  

The rationale incorrectly assumes that the world is “shift[ing] to 

a net-zero emissions economy.” It is not clear that NSW’s 

competitive advantage in sectors such as professional services, 
agriculture, advanced energy technology, property management 
and financial services would be sufficiently large to offset the 
high costs to the state of moving first to net zero emissions. A 
fast follower strategy would entail significantly less risk.  

Reduce risks and damage to 
public and private assets in 
NSW arising from climate 
change  

Given that reducing NSW emissions to net zero cannot affect 
climate outcomes, a more prudent risk management strategy 
would reserve for adaptation deployment all financial resources 
beyond NSW’s share of Australia’s mitigation commitments, 

while reserving the option for deploying more resources on a 
proportional basis if mitigation commitments increase in future.  

Reduce climate change impacts 
on health and wellbeing  

The prudential principle above on assets also applies to health 
and well being, with greater import.  

Manage impacts on natural 
resources, ecosystems and 
communities  

The prudential principle as applied to assets, health and 
wellbeing, also applies to natural resources, ecosystems and 
communities.  

Policy initiatives that could create real options for a ‘fast-follower’ strategy  

A fast follower strategy for NSW would be more consistent with national policy, be better aligned 
with the global context, and better manage the balance of risks for NSW, consistent with 
prudential management principles. Such a strategy would involve NSW developing its 
decarbonisation plans together with other states and territories under a coordinated national 
strategy which is aligned, engaged and running in pararallel with other key OECD countries. 
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6. Delivering the policy framework  

Compared with the scale of investment required to have a chance of meeting the 
government’s aspirational goal of net zero emissions by 2050, the money to be invested 
under the Climate Change Fund is tiny and the expected private investment to be 
leveraged is very small.  

According to the NSW Government’s Climate Change Fund Draft Strategic Plan 2017 to 2022; 

“Up to $200 M is to be invested under the Climate Change Fund” in Accelerating advanced 

energy, and this is expected to leverage up to $1.1 billion in private investment.  

Figure 17 Comparison of merits of various electricity generation technologies  

 
Source: Bongers, G. (2016) Australian Power Generation Technology Report, CO2CRC, Melbourne  

The means that the output is only 20 to 30 per cent of the the output from dispatchable 
technologies of the same installed capacity over the course of a year. Therefore the proposed 
capacity would effectively replace ony 110 to 160 MW of coal or gas fired capacity, which is 
smaller in energy terms than one small conventional power plant, such as the 176 MW 
Smithfield CCGT plant. 

Compounding the problem, renewable sources are intermittent, and are either unavailable or 
cannot be counted on to contribute at the time of system peak. Storage technology is very 
expensive. Batteries cost on the order of $3000/kW—before accounting for energy losses and 
deterioration over time—which more than doubles the effective cost of intermittent renewable 
capacity, significantly reducing the effective capacity that the fund can leverage.  

Even if the public funds do leverage private investment in the assumed ratio of 5.5, the funds for 
“accelerating advanced energy” are almost too small to be visible on Figure 6 which shows the 
looming plant retirement challenge in NSW: comparable to the size of Redbank power station.  
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Directing funds for “accelerating advanced energy” to well-established wind and solar 
technologies may not be prudent.  

The costs of those technologies have already declined significantly, and continue to do so. High 
penetrations of intermittent technologies create problems for system reliability that risk acting as 
a setback to the policy goal of complete decarbonisation of the energy sector.  

As this paper shows, achieving the goal of net zero emissions would not be possible without 
substantial negative emissions, for which BECCS is the main candidate and likely the only 
serious solution at the scale required. In parallel, near-complete decarbonisation of the 
electricity system would also be required. It would be extremely difficult and very expensive to 
achieve that outcome while maintaining system reliability without deploying nuclear power.  

Accelerating the transition to a 21st century transport fleet through the uptake of low 
emission and electric vehicles by individual and business consumers would by itself 
make only a limited contribution. This action would need to be combined with large-scale 
deployment of negative emission technologies as well as near-complete decarbonisation of the 
electricity system to be consistent with the goal of net zero emissions by 2050.  

7. Recommendations for further detailed analysis and modelling  

It is strongly recommended that, prior to confirming and commitment to the NSW Climate Policy 
Framework, the NSW Government commission independent analysis of: 

• Capital Cost estimates power sector investment including generation, transmission, 
distribution and storage to maintain electricty system reliability for renewable energy greater 
than 30-40 per cent  

• Geological sites suitable for CO2 sequestration in NSW  

• Social license to operate CCS facilities in NSW  

• Land use change implications of large-scale plantings for carbon sequestration in NSW  

• Economic impacts of major reallocation of investment capital and increases in energy costs  

Note that this list is not exhaustive and there are likely to be a range of other unforeseen and 
unintended economic impacts on the State.  
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Appendices  

 

Iron and steel industry processes and CO2 emissions  

Figure 18 Iron and steel making processes (Birat, 2010)   

 
Source: Dennis van Puyvelde (2013) CCS for iron and steel production, Global CCS Institute 
www.globalccsinstitute.com/insights/authors/dennisvanpuyvelde/2013/08/23/ccs-iron-and-steel-
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production  

Figure 19 CO2 emissions from a typical steel mill  

 
 

Cement industry processes  

Figure 20 Cement making processes  

 
Source: Thomson (2013)  
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Glossary and abbreviations  

  

APGT  Australian Power Generation Technology Report  

BECCS Biomass Electricity with CCS  

BEV Battery Electric Vehicle  

CCS Carbon Capture and Storage  

CH4 Methane  

CNG Compressed Natural Gas  

CO2  Carbon dioxide  

EOR Enhanced oil recovery  

GHG Greenhouse Gas Emissions  

Ha Hectare, 10 000m2 

IDC Interest during construction  

IEA International Energy Agency  

IGCC  Integrated gasification combined cycle  

INDC Intended Nationally Determined Contributions  

LNG Liquefied Natural Gas  

Mt Million (metric) tonne  

NEM National Electricity Market  

NSW New South Wales  

ODS Ozone Depleting Substances  

WEO World Energy Outlook  

UNFCCC United Nations Framework Convention on Climate Change  
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Endnotes  

1 John Kerry, US Secretary of State (2015), Remarks on COP21 and Action Beyond Paris, Le Bourget, 
Paris, France, December 9  
text available at http://www.state.gov/secretary/remarks/2015/12/250502.htm  
video clip available at: https://www.youtube.com/watch?v=4LMQIUUD-ow  
2 Redbank is not currently in operation.  
3 The VeloxoTherm™ technology is the intellectual property of Inventys, a company in British Columbia in 
Canada. Nobel Laureate in Physics and former US Secretary of Energy Dr Steven Chu is a member of 
the Inventys board.  
4 The US Department of Energy’s National Energy Technology Laboratory has awarded $80 million for a 
10 MW, six-year pilot project that uses supercritical carbon dioxide (sCO2) in gas turbines to enhance 
efficiency. The award will be managed by Southwest Research Institute (SwRI), the Gas Technology 
Institute, and GE Global Research. 
5 NET Power of Durham, North Carolina is the developer of the Allam Cycle technology. NET Power is a 
collaboration between Exelon Generation, CB&I, and 8 Rivers Capital.  

The technology integrates the carbon capture within the design, rather than ‘bolting it on’ as in post-
combustion capture technologies. The company claims to be able to achieve slightly higher thermal 
efficiency than natural gas combined cycle plants achieve without carbon capture (and therefore 
materially higher efficiencies than other carbon capture techologies, close to 100% carbon capture 
producing a high purity pipeline-ready CO2 stream, zero air emissions, no NOx emissions as a result of 
oxy-firing, and low water use (or with air cooling no water use). Information is available at: 
https://netpower.com/technology/  
6 Establishing the world’s leading (and largest) CO2 sequestration programme would mean NSW was 
leading by example, which would be a natural pre-requisite for establishing Sydney as a future carbon 
market hub. Hubs require a critical mass of underlying activity to be viable. Although Australia’s most 
prospective carbon sequestration sites are outside NSW, NSW could be the leading source of CO2 for 
injection, NSW is geographically central to the most likely geo-sequestration sites in South Australia, 
Queensland and Victoria, and Sydney is the financial capital of Australia.  
7 Zero emissions for nuclear power excludes the unavoidable emissions from the cement required for 
construction. If all of the required nuclear plants were constructed before 2050, then the sector would 
have net zero emissions after 2050. If the emissions from the cement in the nuclear plants were counted, 
offsets from BECCS or other strategies would be needed elsewhere to achieve net zero emissions.  
8 http://www.resourcesandenergy.nsw.gov.au/energy-consumers/energy-sources/coal-innovation-
nsw/research-projects/nsw-co2-storage-assessment-project  
9 http://www.resourcesandenergy.nsw.gov.au/energy-consumers/energy-sources/coal-innovation-
nsw/research-projects/alternative-storage-of-captured-carbon-dioxide  
10 Bongers, G. (2016) Australian Power Generation Technology Report, www.co2crc.com.au/wp-
content/uploads/2016/04/ LCOE_Report_final_web.pdf (accessed November 2016)  
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