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PREAMBLE 

As environmental and climate scientists and energy analysts, we share concerns about the potential 

impacts of anthropogenic climate change. We support the imperative of deep and rapid 

decarbonisation. We believe this process must be informed by research of the highest rigour. 

We have concerns with the process and output of the draft Australian Chapter for Deep 

Decarbonsiation Pathways Project (DDPP-AU) that we wish to bring to your attention with this 

submission. We will address these concerns in turn. 

 

Our overriding concern is that the report set a single constraint on the development of pathways, 

that of “technical feasibility” and then developed a single illustrative pathway that fails to meet this 

constraint.  By attending only to technical feasibility, other factors, most critically cost, that prove to 

be firm barriers to real-world deployment, have been overlooked in the development of this report. 

 

1. Inadequate consideration of existing literature, relating not only to energy systems but to 

any of the themes explored in the report, such as energy efficiency, agriculture, land use, 

and carbon sequestration.  

In recent years, many studies have investigated the potential for 100 % renewable electricity and 

energy systems, for Australia (Australian Energy Market Operator (AEMO) 2013; Elliston, Diesendorf 

and MacGill 2012; Wright and Hearps 2010), globally (Jacobsen and Delucci 2011a and 2011b; 

Greenpeace 2011, WWF 2011) and for many other nations and regions (Cosic, Krjacic & Duic 2011; 

Lund & Mathiesen 2009; Mason, Page & Williamson 2010). None of this literature, of which these 

are but a few examples, is acknowledged or cited. Other studies have considered the potential role 

of nuclear technologies (Lincoln 2011; Hong, Bradshaw & Brook 2014a), carbon capture and storage 

(Hardisty, Sivapalen & Brooks 2011; Herzog 2011) , energy efficiency (Ekins 2004), electrification 

(Cosic et al 2011; Barton et al 2013; Kruger 2005), and carbon sequestration (Burns, Hug, Lawson, 

Ahammad, & Zhang 2011). Again, none of this literature is acknowledged or cited. With the 

exception of the AEMO Report, and the associated supporting material from CSIRO, there are no 

peer-reviewed references pertaining to nation-scale electricity and energy systems. We are 

concerned that DDPP-AU is based on a fundamentally inadequate foundation of quality research. 

This leaves any output vulnerable to dismissal on principle. 
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2. Little new contribution to literature 

DDPP-AU, as currently available, offers little that furthers knowledge, ideas or understanding of 

decarbonising a fossil-intensive, developed nation economy such as Australia.  

 

The work by the AEMO (2013) and the work by Elliston et al. (2012) from the University of New 

South Wales provide guidance regarding the potential and the extensive challenges relating to the 

development of an electricity system based on 100 % renewable electricity. Efforts by Wright & 

Hearps (2010) and Selligman (2010) provide further insights, and critiques by Trainer (2012, 2013) 

shed much light on the strength and limitations of the findings to date.  

 

Based on our reading, the primary output of DDPP-AU appears to be a single illustrative scenario 

that is an up-scaled extension of Scenario 1 from AEMO 2013, with virtually no justification for the 

up-scaling and little value added to the literature regarding decarbonised energy systems either for 

Australia or globally.  

 

3. Level of detail provided for comment 

The detail in DDPP-AU is sparse and provides little scope for informed comment. We understand 

from correspondence with James Brown (1 August 2014) that a more detailed report and modelling 

will be forthcoming. We look forward to reviewing this material. However, we query whether a 

genuine process of consultation is under way in relation to DDPP-AU as the preliminary output 

provides firm outcomes, yet little detail of process or assessment. 

 

A single pertinent example is Figure 9 (p. 11), where DDPP-AU infers approximately 70 % of a 600 

TWh annual demand will be provided by something called “solar”. We cannot determine from DDPP-

AU how this is broken down between residential solar PV (typically fixed), utility-scale PV (fixed, 

single axis tracking or dual axis tracking), solar thermal without storage (of which there are several 

technologies that could deliver the solar collection) or solar thermal with storage (which could 

include several variants of storage capacity). Such information is vital to assess the technical 

feasibility of a system. 

 

Our submission, out of necessity, attempts to fill some of these gaps. The lack of detail from DDPP-

AU at this stage is clearly an obstacle to constructive consultation and feedback. 
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4. Misrepresentation of Australia’s greenhouse profile 

DDPP-AU (pp. 3-4) makes the following statements: 

 

Over the past two decades Australia’s greenhouse gas emissions have remained stable while the 

size of the economy has almost doubled. As a result, the emissions intensity of Australia’s GDP 

has nearly halved and emissions per capita have decreased by approximately 25% over this 

period (see Figure 3f). Increasing emissions from energy use were roughly offset by reduced 

deforestation and increased plantation forestry.  

 

Since 2008/09, emissions from fuel combustion have stabilized, driven by a significant expansion 

in renewable energy, a drop in demand for grid-supplied electricity, and a tripling in the rate of 

energy efficiency improvement in large industrial companies. Rising energy prices and 

government programs and policies (including standards and subsidies for energy efficiency, 

carbon pricing, and support programs for renewable energy) have helped achieve this outcome. 

 

The Australian National Greenhouse Accounts for 2012 (Commonwealth of Australia 2014), makes 

the following statements: 

 

Australia’s total greenhouse gas emissions, excluding the land use, land use change and forestry 

(LULUCF) sector, were estimated to be 543.6 million tonnes (Mt) of carbon dioxide equivalent 

(CO2-e) in 2012. This represents an increase of 2.1 Mt, or 0.4%, on net emissions recorded in 

2011, and an increase of 31.0% (128.7 Mt CO2-e) above 1990 levels (Table ES.1). 

Australia’s total greenhouse gas emissions, including net emissions from the LULUCF sector, were 

558.8 Mt CO2-e in 2012. Overall, total emissions have increased by 13.3 Mt CO2-e, or 2.4%, on 

net emissions recorded in 1990. By 2012, the net land use, land use change and forestry 

emissions had decreased from an annual value of 130.5 Mt CO2-e in 1990 to 15.2 Mt CO2-e in 

2012. 

 

In representing Australia’s greenhouse gas emission profile over the last two decades, DDPP-AU 

leverages only figures that include the land use, land use change and forestry sector, when the 

Australian Government reports figures both with-and-without this sector included. It is seriously 

deceptive not to give the breakdown. A breakdown into CO2 and non-CO2 emissions is vital in order 

to interpret the published results.   With LULUCF excluded, Australia’s emissions grew 31.0 % from 

1990 to 2011.  
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Planning decarbonisation pathways requires a disaggregated understanding of the different sources 

of greenhouse gas emissions and the drivers of each, not an aggregated overview of the nation as a 

whole, where accounting in the land use sector appears to offset emissions growth in the energy 

sector. 

 

This disaggregated information is vital in understanding the recent history and trajectory of 

Australian greenhouse gas emissions, as is a distinct understanding of the role of the LULUCF sector 

in greenhouse gas emissions. Deforestation is forecast to emit in excess of 50 Mt CO2 year-1 from 

2020 to 2030, with removal of CO2 from reforestation expected to decline, resulting in net emissions 

from the sector of approximately 35 Mt year-1 in 2030 (Commonwealth of Australia 2013). On 

current Australian Government forecasts, the net emissions from LULUCF of 15.2 Mt are the lowest 

this sector is expected to reach (see Commonwealth of Australia 2013, p 2, Figure 1), rather than 

representing a constant figure or a strengthening trend of CO2 removal. While potential for 

reductions and sequestration below the projections in this sector exist, whether these reductions 

could be realized remains highly uncertain. 

 

Where DDPP-AU points to the stabilisation of emissions from fuel combustion in recent years, it 

neglects to point out that from 1990-2011, emissions from all energy grew 44 % and emissions from 

the subset of electricity grew over 45 % (Commonwealth of Australia 2014). DDPP-AU provides no 

further discussion of the drivers of this recent stabilisation, nor whether this is likely to persist, and 

gives no current projections for growth in Australian greenhouse gas emissions from energy and 

electricity. Most seriously, the reference list does not include Australian Energy Projections to 2050 

(Bureau of Resources and Energy Economics 2012), a necessary starting point for this understanding, 

nor the current or recent Statement of Opportunities from the Australian Energy Market Operator. 

 

We are concerned that the summary provided by DDPP-AU relating to Australian greenhouse gas 

emissions is superficial and has the potential to mislead the reader. It creates the impression that we 

are currently stabilising greenhouse gas emissions and reducing energy sector emissions, with the 

implication that this trend will continue; and it describes a land sector that is providing a major 

source of abatement through a policy portfolio that has been highly successful and which is likely to 

continue. The likelihood that the current situation might continue can only be assessed through a 

complete understanding of the reasons for changes that have occurred over recent decades, an 
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aspect where the present report is seriously lacking. The picture presented here is misleading, for 

both domestic and international audiences.  

 

5. Concentration on a single “illustrative” pathway 

DDPP-AU states: 

The focus of this analysis has been to identify technically feasible pathways that are consistent 

with the objective of limiting the rise in global temperatures below 2°C. (Preface) 

 

DDPP-AU has not fulfilled this remit. Firstly, the report focuses on a single illustrative pathway with 

modelling of two further pathways as “variants to demonstrate contingency for any uncertainty 

about the viability of the 100% grid-supplied renewable energy electricity pathway” (p 16). The 

suggestion here that there are only three possible “technically feasible” pathways, or that the three 

pathways described span the range of feasible pathways, is completely wrong. The emphasis on the 

“renewables-only” pathway, furthermore, is seriously deceptive. Under the ground-rule that 

scenarios should merely be technically feasible there is a much wider range of possibilities. We note 

here also that the report uses the phrase “to demonstrate contingency for any uncertainty”. The 

choice of just three scenarios and their relative emphasis in no way demonstrates the attendant 

uncertainties. Again, the wording here is egregiously deceptive.  

 

The selection of pathways and the relative emphasis given to them suggests that DDPP-AU has been 

undertaken with an internally pre-determined imperative (indeed, bias) to focus on developing a 

“100% grid-supplied renewable energy electricity pathway” that is assumed, but not confirmed to 

be, technically feasible. In other words, the technology mix of the single pathway appears to have 

been arbitrarily based on internal decision-making and preconceptions, rather than an output that 

might be replicable by others based on clearly described and adequately referenced processes and 

criteria.  

 

The process and output presented by DDPP-AU can offer little of value to guide policy or decision-

making. Since no basis is given for the creation or adoption of the single illustrative pathway and the 

process has failed to adequately assess alternatives, any outputs of DDPP-AU will be entirely 

contestable.  

 

Secondly, DDPP-AU offers no definition of “technically feasible”. A practical definition in the context 

of the report may be "ready today for mainstream commercial application at the level required by 
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the report’s scenario(s)". The illustrative scenario fails to meet the terms of reference if technically 

feasible is defined in this way. 

 

In the development of their report, AEMO was constrained by terms of reference from the 

Australian Government to only consider renewable electricity generation technologies (Department 

of Environment 2012). Nonetheless, two scenarios were modelled. The work by Elliston et al. (2012) 

self-selected renewable technologies only, as is the prerogative of the authors and this decision is 

declared. Both reports provide valuable insights into the possibilities and considerable challenges of 

electricity systems operating on 100 % renewable energy, with many of those challenges then 

expounded by Trainer (2012, 2013).  

 

For example, the report by AEMO suggests that the system may be technically achievable, but 

cautions: 

 

The resulting power system is likely to be one that is at or beyond the limits of known capability 

and experience anywhere in the world to date, and would be subject to a number of important 

technical and operational challenges. (AEMO 2013 p. 58) 

 

Scenarios under the Deep Decarbonisation Pathways Project are not constrained in the way that the 

AEMO scenarios were constrained. As such, to be comprehensive, they should be mandated to 

consider a much wider range of options. They have failed to do so. Given this broader mandate, 

indeed, responsibility, DDPP-AU should have undertaken an extensive and detailed review of all 

relevant global and local literature and, based on this literature, devised a range of equally likely 

representative pathways with the consideration of all low and carbon-free technologies.  

 

For any report on a low carbon energy future for Australia to be useful, multiple illustrative 

pathways, covering a full spectrum of technological mixes and possibilities, must be developed and 

assessed in a robust, even-handed and impartial fashion, supported by an appropriate literature 

review and level of technical understanding. There are outstanding examples of this in the literature, 

and the present report falls far short of the necessary standard. 
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DDPP-AU further states: 

 

In a second—later—stage the Country Research Team will refine the analysis of the technical 

potential, and also take a broader perspective by quantifying costs and benefits, estimating 

national and international finance requirements, mapping out domestic and global policy 

frameworks, and considering in more detail how the twin objectives of development and deep 

decarbonization can be met. (Preface) 

 

This is likely to compound the errors in the present report. “Refining the analysis” of the technical 

potential of a single pathway is of little value. This speaks to establishing viability, when the single 

illustrative pathway is probably not even feasible. What is required is an analysis of multiple 

illustrative pathways to enable policy-makers to develop an informed view of the different 

advantages and disadvantages of each pathway. This would assist policy-makers to make a 

determination regarding a decarbonisation pathway of highest certainty and lowest cost with a well-

justified mix of technologies to suit Australian requirements to 2050. 

 

6. No indication of energy system modelling to address operational challenges 

A key feature of power quality and a key parameter for the operation of Australia’s National 

Electricity Market is the reliability of the power supply (AEMO 2010; Cepin 2011); in other words 

information about the “capacity to continue to supply sufficient power to satisfy customer demand, 

allowing for the loss of generation capacity” to within regulated limits (AEMO 2010 p. 8).  

Supply must vary dynamically with changing demand to ensure demand is instantaneously matched 

in real time (AEMO 2010). The increasing penetration of stochastic sources of generation, such as 

inherently variable wind generation, or solar power that is both cyclical and variable, provides 

additional challenges for managing system reliability and ensuring that sufficient dispatchable 

generation reserves remain available (Elliston et al. 2012; Xiao, Hodge, Pekny & Reklaitas 2011; 

Brunnix, Madzharov, Delarue & D’haeseleer 2013; Chattopadhyay 2014).  

 

A pathway of the type proposed by DDPP-AU that moves the energy supply system away from 

baseload and dispatchable supply towards variable sources of supply requires calculations 

demonstrating that the proposed new renewable supply meets demand to the regulated level of 

reliability and with sufficient reserve margin for unscheduled outages like breakdowns, in a way that 

fully accounts for the limited availability of most renewable resources. This is essential evidence for 

demonstrating that a system based on 100 % renewables will work (Elliston et al 2012; Trainer 2012; 
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Fernandes & Ferriera 2014). There is no indication in DDPP-AU that any supply/demand modelling 

has been undertaken. If it has been undertaken, we have been unable to offer informed comment 

on this essential aspect of the evidence for technical feasibility as it has not been disclosed. 

 

Furthermore, reliability calculations cannot be based on “typical” weather and climate conditions for 

any given year (Trainer 2013). Rather, atypical conditions that are extreme-yet-credible must be 

identified, both for each generation type in isolation and in combination; e.g. severely drought-

impacted hydro output combined with coincident low levels of solar and wind output. The report 

from AEMO (2013 p 104) affirms that it is statistical “tail-risk events primarily driving the unreliability 

instances in modern power systems” that are important. They further caution that “assessing 

resource availability from many variable renewable sources at different geographical locations, and 

the interdependence of such patterns with overall electricity demand trends, is a complex 

nonparametric multivariate statistical dependency problem, requiring advanced techniques” and 

that “All approaches will unavoidably suffer from any ambiguity around longer term climate trend 

uncertainties that are obscured from very recent data records” (AEMO 2013 p. 104).  

 

The work by AEMO (2013) identified these very important challenges for 100% renewable systems, 

but did not answer them. To the best of our knowledge, no literature, globally, has described and 

modelled a 100% renewable electricity system that fully accounts for these statistical tail risks, and 

certainly no such work has yet been completed for Australia. We further note that it would need to 

be delivered for a hypothetical supply of 600 TWh year-1, nearly 2.5 times greater than current 

supply. 

 

We note also that, having proposed a system very similar to Scenario 1 from AEMO 2013, the DDPP-

AU illustrative scenario actually represents a greater level of challenge with relation to the provision 

of essential ancillary services, such as:  

 maintaining adequate levels of synchronous generation 

 transmission level network upgrades 

 

As is well known, both challenges are characteristic of hypothetical systems with very large inputs 

from renewables, particularly solar PV and wind generation, and these challenges were notably 

higher for AEMO (2013) scenario 1 than for their scenario 2.  
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7. Confounding of energy and electricity 

DDPP-AU makes the following assertion: 

Electricity accounts for two-thirds of Australia’s greenhouse gas emissions with coal fired power 

accounting for 69% of generation and gas providing a further 19%. (p. 2) 

 

This is incorrect. Energy, as counted in Australia’s National Greenhouse Accounts, accounts for 67 % 

of Australia’s greenhouse gas emissions. Electricity generation is a subset of energy that accounts for 

approximately 35 % of Australia’s greenhouse gas emissions. This can be found in Australia’s 

National Greenhouse Accounts.  The correct figure for greenhouse gas emissions from electricity in 

fact is shown in Figure 3 of DDPP-AU as 193 Mt CO2-e (p. 3). 

  

While we can understand the source of this error (numerically speaking), we are concerned because 

it may represent a lack of rigour in process, an underlying lack of knowledge of Australia’s energy 

and electricity sectors, and a lack of suitable peer-review for the DDPP-AU process.  

 

8. Evident exclusion of nuclear energy technology  

No explanation has been provided for the selected technology mix shown in Figure 9 (p. 11) beyond 

some referencing relating to cost assumptions. No explanation is provided for the neglect of nuclear 

technology in the illustrative scenario. In the literature on future emissions scenarios that seek to 

stabilize the climate (none of which is cited in the present report) almost all such scenarios have a 

significant nuclear component.  

 

We note that, in DDPP-AU, nuclear technology has been considered in relatively low penetration in a 

“contingency” scenario. This is the only reference to nuclear technology in DDPP-AU. Sections 2.4-

2.6 make no mention of a potential role for nuclear technologies in Australia despite extensive 

decarbonisation and economic development opportunities that may be presented by expansion of 

Australia’s role in the nuclear fuel cycle (Heard et al. 2014). 

   

DDPP-AU advised that consultation with 40 undisclosed industry and academic experts “identified 

that stakeholder views diverge on the viability, likely extent and costs of options such as carbon 

capture and storage (CCS), carbon forestry, and bioenergy” (p. 6). This suggests that, in this 

consultation process, no views of any kind were offered on the use and deployment of nuclear 

technologies in Australia. This calls into question the validity and representative quality of the 

consultation process itself. In fact, it suggests that the experts consulted do not represent the full 
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range of views or expertise on future energy. A number of people known to us to have expertise in 

these areas were not consulted. For example, the Australian Academy of Technological Sciences and 

Engineering is shortly to release their Nuclear Energy Action Statement. This is the product of a 

working group of well-credentialed and knowledgeable individuals who were not contacted in the 

DDPP-AU consultation process. We consider it essential in documents such as DDPP-AU to identify 

all persons consulted. 

 

Section 2.6, Near term priorities (pp. 18-19), makes no comment or recommendation on the removal 

of Australia’s arbitrary prohibition on nuclear energy (Australian Government Com Law 2011). 

Absent such a recommendation, DDPP-AU’s “contingency” modelling of nuclear appears as a hollow 

gesture; it could not, at present, be legally implemented. Equally, we are concerned that, given the 

single ground rule of technical feasibility, a scenario with a much higher nuclear component is 

demonstrably more credible given that serious technical issues such as intermittency and 

transmission, which are not problems for nuclear, have yet to be solved for renewable energy. 

 

Carbon capture and storage (CCS) receives repeated coverage and recommendations in DDPP-AU 

(discussed ten times). Of the twenty references listed in DDPP-AU, two are dedicated to CCS. Carbon 

capture and storage technologies certainly should be reviewed and assessed in the development of 

pathways. We point out, however, that at this time CCS is undemonstrated in effective 

decarbonisation at any scale of relevance to the task at hand either globally or in Australia, and 

requires a very high carbon price for economic justification (Heard et al. 2014). 

  

Ample literature regarding the potential deployment of nuclear energy technology in Australia, and 

its benefits across a range of criteria is available and was apparently unreviewed for DDPP-AU 

(Commonwealth of Australia 2006; House of Representatives Standing Committee on Industry and 

Resources 2006; Nicholson, Biegler, & Brook 2010; Owen 2011; Heard & Brown 2012; Brown & Pang 

2012; Brown, Simons & Owen 2013; Australian Academy of Technological Sciences and Engineering 

2013; Brown, Simons & Owen 2014; Australian Nuclear Science and Technology Organisation 2014, 

Brook & Bradshaw 2014; Heard et al. 2014; Hong, Bradshaw & Brook 2014b). The report cites none 

of this literature. 

 

Furthermore, there are many decades of real-world evidence pertaining to nuclear power as a 

powerful tool for decarbonisation. As DDPP-AU correctly asserts, Australia current derives 69 % of 

electricity generation from coal. It is virtually certain from a technical viability perspective that this 
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entire contribution could be decarbonised with an equivalent installed capacity of nuclear energy. 

The experience of France and Ontario demonstrates that the balance could be near-decarbonised 

through a mix of other renewable technologies and a small amount of fossil fuels.  

 

Despite some well-documented miscalculations in terms of cost and delivery times at various points 

in the history of the nuclear power industry (Kessides 2012), nuclear deployment remains the only 

pathway, with the exception of geographically constrained, large hydro-electricity schemes, to have 

successfully demonstrated the decarbonisation of electricity supply for large, developed nations. For 

example, the Canadian province of Ontario, with a population of 13.6 million people, delivers 

electricity at a maximum of $0.135 kWh-1 to residential customers (Ontario Electricity Board 2014), 

with greenhouse gas emissions rarely exceeding 75 g CO2-e kWh-1 (Gridwatch 2014). This has been 

achieved with a supply mix of approximately 50 % nuclear, with the balance provided by hydro, gas 

and wind power. All coal has been retired, a success story that is now permeating popular media 

(Gross 2014). 

 

Rapid Organisation for Economic Co-operation and Development (OECD) nuclear-build programs left 

a legacy of reliable, cheap and clean electricity. Between 1971 and 1993, Ontario commissioned 

nearly 13 GWe of new nuclear generating capacity (World Nuclear Association 2014b). Sweden 

commissioned 9.5 GWe in the twenty two years between 1972 and 1985 (World Nuclear Association 

2014c) and France commissioned over 63 GWe in the twenty years to 2000 (World Nuclear 

Association 2014d). It is therefore evident that the construction of nuclear technology itself poses no 

obstacle to the rapid retirement of fossil baseload electricity supply. Unlike the 2020 focus of Wright 

and Hearps (2010), the 2050 timeframe of DDPP-AU provides no temporal constraint to the 

deployment of nuclear technology to achieve the decarbonisation outcome. 

 

The inattention to both literature and real-world evidence in relation to nuclear technology 

reinforces our concerns that the mix of technologies of the single illustrative pathway has been 

internally selected on the basis of criteria that are undisclosed and not based on evidence (as 

discussed in point 2).  Furthermore, there is no clear reason why the discussion of nuclear energy in 

the main Deep Decarbonization Pathways Project report (DDPP-MAIN) should be focussed on 

proposed fourth-generation nuclear power technology when other nations are proceeding with 

decarbonisation using current Generation III/III+ nuclear designs. 
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There is also a lack of evidence supporting the conclusions in Chapter 4 of DDPP-MAIN (p 39), such 

as: 

 

Breakthroughs in safety systems, reliability, fuel security, fuel recycling, and dependably low 

costs will likely be needed in order for nuclear energy to remain a significant part of the 

decarbonization pathways of major emitting economies. 

 

This statement is incorrect. There is no evidence that nuclear energy technology requires 

breakthroughs in safety systems, reliability, fuel security, fuel recycling, and dependable low costs.  

There is, however, ample evidence that Government policies supporting an optimal (or efficient) mix 

of low-emission technologies (without discrimination) result in nuclear technology representing a 

significant proportion of energy supply in low-emission portfolios (as is the case in the UK, US, China 

and India). 

  

Furthermore, the DDPP-MAIN report does not attempt to seriously consider the current Generation 

III/III+ nuclear technologies and instead provides a jumbled and confused description of a whole 

range of different alternate nuclear fuel cycle and reactor technologies that cannot be treated as a 

single technology, as is the case in the following paragraph (DDPP-MAIN p 17): 

 

The term fourth-generation nuclear power generally refers to a range of nuclear fission energy 

technology advances that involve the modularity of production systems, smaller-scale units, 

alternative systems for fuel reprocessing, alternative (e.g. thorium) fuels, as well as improved, 

automatic, and passive safety systems. Design goals include greater simplicity so that reactors 

are less vulnerable to construction delays and cost overruns; safe operability of reactors as 

dispatchable, load-following units; and proliferation resistance, i.e. making it much more difficult 

to divert materials from any point in the fuel cycle for nuclear weapons. Passive reactor safety is 

another key feature, meaning that the reactor core is assured by physical first principles to be 

safe from meltdown even in the absence of active cooling (e.g. cooling based on water pumping 

that itself requires electric power)  

 

This paragraph not only fails to mention that current nuclear designs already have features such as 

passive core cooling, load-following and modular construction, but then further confuses a whole 

range of different features in Generation-four technologies (none of which are all applicable to a 

single design as there will be a trade-off in safety, economics, fuel-cycle, waste, size, etc., depending 
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on the design).  The treatment of such a large range of different nuclear energy technologies (fast 

breeder reactors, thorium reactors, small modular light water reactors) as a single alternate nuclear 

technology is no different to treating all types of solar PV, concentrated solar and solar thermal as 

simply “solar”.   Brown, Simons and Owen (2014) provide a more detailed discussion of the features 

of small modular reactors and their deployment requirements in Australia. 

 

9. Assertion of conservative cost assumptions 

DDPP-AU makes the following statement: 

Assumptions about the availability and cost of technologies are deliberately conservative in the 

context of a decarbonizing world (p. 5). 

 

This statement is unreferenced and not backed-up in any other way, so it is very difficult to 

understand what is meant by the statement. We infer that DDPP-AU is asserting that the availability 

and cost of technologies may be much better and lower respectively than assumed in the present 

report, pending circumstances that are neither described nor referenced. 

 

To try and understand this we have reviewed the limited references. Footnote 8 of DDPP-AU (p 11) 

states: 

 

Electricity generation plant technology performance and costs are based on BREE (2012, 2013c), 

and the capital cost reduction time path developed by Hayward & Graham (2012).   

 

In Hayward and Graham (2012), the authors state: 

 

In summary, the Scenario 1 capital cost projections are consistent with a high technology 

development scenario, where the costs are generally lower than those of Scenario 2 (as per 

BREE AETA). The main exception is that Scenario 1 forces greater investment in some presently 

high cost renewables at the cost of not making marginal improvements in lower cost 

renewables. This is because the potential for further improvement is not as great in the lower 

cost renewable technologies. Alternatively, strong global deployment or local targets may have 

improved the relative attractiveness of developing additional local resources such as wave and 

geothermal. (p. 16) (Emphases added) 
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The cost scenario formed by Hayward and Graham (2012) is already one involving strong cost-

reductions for presently high-cost renewables, based on either strong local or global policies and 

directions. This scenario was the more aggressive (not conservative) scenario for AEMO 2013. Some 

of the assumptions of Hayward and Graham (2012) are already evidently not coming to fruition. For 

example, Table 1 (p 6) suggests that Enhanced Geothermal Systems will start production in either 

2015 or 2020. In reality, development of enhanced geothermal systems in Australia is now entirely 

stagnant for sound commercial reasons (Heard et al. 2014).  

 

The assertion by DDPP-AU that the cost assumptions are conservative is unreferenced, unexplained 

and appears to be unsupported by the source of the cost assumptions themselves. This creates a 

misleading impression regarding the financial scale of the decarbonisation challenge ahead.  

 

10. Ignores competitive LCOE of nuclear power in referenced material 

Further to the discussion in point 8, DDPP-AU states: 

 

Electricity generation plant technology performance and costs are based on BREE (2012, 2013c), 

and the capital cost reduction time path developed by Hayward & Graham (2012).   

 

The Australian Energy Technology Cost Assessment (BREE 2012 and BREE 2013) included nuclear 

technology. In the 2013 update, gigawatt-scale nuclear electricity remained the cheapest form of 

reliable, high capacity-factor, zero-carbon generation right through to 2050. Cost and certainty 

advantages were evident in comparison with solar thermal and engineered geothermal technologies 

(BREE 2013).  Furthermore, these advantages remain after estimates of average nuclear externalities 

and other costs are taken into account such as nuclear waste ($2.33/MWh), decommissioning 

($1.6/MWh), transmission costs ($1/MWh) and insurance ($0.6-2/MWh).  

 

That nuclear was not included in the single illustrative pathway suggests that neither cost nor 

certainty was the driver behind the selection of technology for the focus of DDPP-AU, and reinforces 

a perception of an internally selected technology mix. 

 

11. Level of electricity consumption and pace of added electricity generation 

We note the suggestion of a 600 TWh year-1 electricity supply for Australia in 2050 (Figure 9, p. 11). 

We note that previous correspondence with James Brown (1 August 2014) highlighted that this 
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figure is nearly double that for AEMO Scenario 1 (2013) and this is intended to reflect very high 

levels of electrification. 

 

Full justification regarding this proposed high level of decarbonised electricity supply is essential. We 

are aware that there is literature supporting the notion of enhanced electrification to substitute low-

carbon electricity for energy services traditionally met by fossil fuels in the pursuit of deep 

decarbonisation outcomes (Cosic et al 2012; Barton et al 2013; Kruger 2005; Lund & Mathiesen 

2009; Allen et al 2013; Wright and Hearps 2010; Greenpeace 2011; WWF 2011); so it may be 

possible to justify the level assumed. But, clearly, full justification is essential, not only of the 

assumed 2050 level but also of the implied rate of growth.  

 

Globally, the fastest rate of new electrical energy supply per capita, irrespective of technology, 

nation or era, is 0.28 MWh per person. This rate was achieved by France from 1970-1986 during the 

most intense phase of nuclear power plant construction (Hong et al 2014b). (We note, however, that 

faster rates have been achieved in nuclear build programs, but only over shorter periods that are 

less relevant to the challenge enunciated by DDPP-AU.) Assuming an Australian population of 30 

million people averaged over the period 2020-2050, then in order to both displace the existing fossil 

fuel generation and also increase supply to 600 TWh year-1, Australia would need to add 566 TWh of 

decarbonised electricity supply. Assuming a determined start was made in 2020, then, over a 30 year 

period, Australia would need to add an average of 0.63 MWh person-1 year-1 for every one of the 30 

years from 2020 to 2050. That’s equivalent to over 2 GW of 100% firm capacity installed per year. 

 

This requirement is not only 2.25 times larger than the previously fastest rate of new electricity 

supply per capita, it would need to be sustained for nearly double the length of time. Information 

like this, which provides crucial insight into the credibility of the scenarios, must be included in the 

report. Our judgment is that such a growth rate is highly unlikely. If the authors do not agree with 

our judgment, then the report must explain why this judgment is flawed. 

    

We are concerned that such critical considerations have not been taken into account by DDPP-AU.  

The single illustrative scenario combines: 

 High levels of uncertainty regarding the technical feasibility of 100 % renewable electricity 

systems with; 

 A rate of new electricity commissioning that is greater than double the historical precedent, 

while; 
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 Forgoing the technology responsible for delivering this historical precedent 

 

This further reinforces concerns regarding the adequacy of the research and the quality of analysis 

that underpins DDPP-AU.  

 

12. Abatement from deforestation and reforestation activities 

The interim DDPP-AU scenario appears to include over 200 Mt CO2-e year-1 net in forestry CO2-e 

emission abatement  (see table 7a, p.9 of DDPP-AU), which is an order of magnitude or more larger 

than the net estimates in Australian Government reports such as the 14 Mt CO2-e year-1 modelled in 

Australia’s National Emission Trading Taskforce Discussion paper (p. 90), and an average of around 

20 Mt CO2-e year-1 in the ABARE Abatement potential from reforestation under selected carbon price 

scenarios 2011 report. 

 

ABARE’s Deforestation and Reforestation Emissions Projections 2012 report provides an indication 

of the current estimates of abatement opportunities from deforestation and reforestation activities:  

 

In 2020, net emissions are projected to be 43 Mt CO2-e with the carbon price and the Carbon 

Farming Initiative (CFI)…Without the carbon price and CFI, emissions are projected to be 47 Mt 

CO2-e in 2020 …The carbon pricing mechanism is projected to achieve 4 Mt CO2-e of abatement 

from deforestation and reforestation activities through the CFI in 2020, with most of this 

occurring in deforestation 

 

While abatement from deforestation and reforestation activities should be considered in the DDPP-

AU report, it is vital that any assumptions used in the report are supported by detailed modelling 

results and acknowledge the deforestation and reforestation estimates and limitations that are in 

the existing literature.  As it stands, the current level of net forestry emissions in the DDPP-AU 

scenario suggests that Australia will not be required to achieve larger emission reductions in other 

sectors such as industry and agriculture.   

 

We note the very upper-end range of CSIRO modelling indicating potential abatement >100 of Mt 

CO2-e year-1. We note also the conclusions from CSIRO fall to a far smaller range, and the caution 

with which CSIRO discussed this possibility: 
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There would be perhaps 2 Mt CO2 yr-1 or less of abatement by 2020 for the example used here, 

or less than 0.4% of 2020 emissions and which is consistent with the DCCEE (2011) estimate. 

However, over the longer term (by say 2050) there may be opportunity to establish enough new 

plantings to help contribute to emission reduction targets and derive other benefits while 

managing trade-offs. For example, 10 to 20 Mha of plantings targeted towards and dispersed 

across marginal land where biodiversity need is greatest ultimately may contribute about 50-100 

Mt CO2 yr-1 in emissions off-sets (or about 10-20% of current emissions) for an assumed average 

rate of carbon sequestration of 5.2 t CO2 ha-1 yr-1 . (Emphases added) 

Polglase,  Reeson1, Hawkins, Paul, Siggins, Turner, Crawford, Jovanovic, Hobbs, Opie,  

Carwardine & Almeida 2011 p 20) 

 

The large, unexplained quantity in projected forestry emissions shown in Table 7a of DDPP-AU 

means that the emissions reduction challenges in other sectors have likely been greatly 

underestimated. This very high figure is unexplained and unreferenced and our review of literature 

does not support this figure. The report therefore presents an inaccurate portrayal of the likely 

emissions reduction requirements that will be required to be undertaken across all the sectors in 

Australia to achieve deep decarbonisation. 

 

13. Conclusion 

The Australian chapter of the Deep Decarbonisation Pathway Project report as it currently stands is 

seriously flawed. The scenarios appear not to be backed up by any modelling studies, and are in 

conflict with existing modelling studies. They assume unrealistic growth for solar energy and fail to 

account for problems that beset both wind and solar with regard to intermittency and transmission. 

They also assume that forestry alone can displace such a large proportion of Australia's greenhouse 

gases, an assumption that is at odds with existing and highly detailed and credible studies.  

  

AEMO went to great lengths to point out that a mix of different renewable energy technologies 

would be required to deliver only half the electricity supply assumed in the DDPP-AU illustrative 

scenario, and that even this would be a significant challenge.  The 600 TWh mainly solar illustrative 

case detailed in the DDPP report is not consistent with the 300 TWh renewable energy mix in AEMO, 

and, given the AEMO work, appears to be a highly unlikely scenario even with a broad mix of 

technologies.   
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The treatment of nuclear energy is inadequate. A more credible illustrative scenario would almost 

certainly have to include a significant nuclear contribution, as is the case with most decarbonisation 

scenarios in the published literature.  As the report currently stands it suggests that nuclear is not 

necessary and that policy makers have the option to pursue a largely solar based energy model. 

 

This report implies that a strong decarbonisation goal for Australia can be achieved mainly through a 

growth in solar energy and changes in the forestry sector. This is not only seriously misleading, but at 

odds with virtually all existing literature on the subject. As such, if taken seriously, it might lead to 

Australia failing to make the necessary hard decisions to undergo significant industrial and 

agricultural structural changes, and the necessary introduction of nuclear energy along with 

renewables.  There is a real danger that this report will in fact seriously set back efforts at 

decarbonisation in Australia. 

 

There is no single best pathway to a low-carbon energy future. Policy and decision making requires a 

spectrum of alternative options, which the present report fails to give. Under the assumption that 

future scenarios merely be “technically feasible”, as the existing literature on the subject clearly 

shows, there is a very wide range of equally likely pathways. To be useful a process like DDPP must 

present several credible pathways that meet the low-hurdle of technical feasibility in order for more 

insightful and relevant investigations of viability to take place. We urge greater rigour in any and all 

such investigations. 
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