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Introduction and summary conclusion 

Much media attention has focused on recently released work by Andrew Blakers, Bin Lu and 

Matthew Stocks (‘the authors’) [2], distinguished researchers at the Australian National 

University. Claims in the media include: 

"The primary aim was to find out whether we could go to 100 per cent renewable 

electricity while using only common, off-the-shelf items that have very well 

established prices. The short answer is, 'yes'." [3] 

"The reliability is there because we have done very careful, hour-by-hour analysis of 

the Australian electricity grid and we find that with a modest amount of storage and 

some increased interconnectors within the states, the entire stability can match 

anything coal and gas can deliver." [3] 

There is a regular occurrence in energy research, particularly pertaining to research into high-

penetration renewables, where claims and media reporting run ahead of the content and 

certainty of the work itself.   

The recurrent positivism in the media gives the impression of progress; however, over time it 

might instead retard the cause of clean energy, burning through the interest and enthusiasm 

of the Australian community for little or no eventual returns as reality catches up with claims. 

The announcement and coverage of Blakers et al. [2] is reminiscent of that surrounding the 

announcement of a plan published in 2010 called “Zero Carbon Australia” [4]. Seven years 

later, not only has none of the core of that plan come to pass, but the new work by Blakers et 

al. [2] substantially repudiates most of the core aspects of that plan. 

This must serve as a cautionary tale. Energy research for comprehensive clean energy 

systems needs to provide the Australian public, media and government with useful 

information on which to form and implement good policy. Such policy should be (i) focussed 

on desired outcomes, not preferred technologies and (ii) adaptable to learning and change 

that must occur with technological and other advances. The alternative pathway is presenting 

a ‘road map’, declaring the problem solved, and dismissing obstacles as merely a lack of 

“political will”. The main problems with this approach include: 
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 Detachment from the challenges of on-ground implementation.  

 Ignoring the roles and opinions of the public, the finance community and the body-

politic. 

 Inevitable evolution of technological knowledge and experience. 

Understandably, our media is ill-

equipped to confidently 

challenge the assertions and 

quickly interrogate the 

underlying work. Fortunately, 

Bright New World can do this.  

We have prepared this prompt, 

non-comprehensive response to 

Blakers et al. [2]. We have 

written this like a formal scientific peer review, whereby assertions are challenged, 

referencing and justification is sought, and overall quality and robustness of the work is 

tested. 

While not definitive, our assessment will provide a useful guide to media and non-specialist 

readers on how critical reviews of this type of work should be approached. It would likely be 

improved with input from other key disciplines. 

As in all peer-review, the process is not personal. It is merely essential.  

Our overall finding is well-represented in one statement from Blakers et al. [2] (emphases 

added): 

... this work demonstrates that the system can manage variable generation provided 

it is well distributed and that sufficient low cost storage can be provided to 

balance supply and demand.

The crux of their report is a simulation of supply in a system where excess electricity is stored 

by converting the electrical energy to gravitational potential energy in the form of pumped 

hydro electric storage. Relying on many assumptions with limited evidence, Blakers et al. [2] 

assume this pumped hydro electric storage is (i) unconstrained in quantity, (ii) seamlessly 

“The technology required is  

available, and cost is not prohibitive. 

What is lacking is the political will and 

social drive to make it happen”. 

Matthew Wright, Zero Carbon Australia Launch 

August 5 2010 [1] 
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connected, (iii) available at low cost. In other words, they assume that energy storage is 

basically ubiquitous. 

None of these conditions exists today. As our review demonstrates, the availability of this 

sufficient, low cost storage is not convincingly demonstrated and they entirely overlook 

important costs. 

Blakers et al. [2] provides a potentially valuable future contribution to clean-energy systems. 

However, it requires an additional validation step through the scientific peer-review system.  

In the following sections, we review the document, step-by-step in further detail. As all 

reviews should, this includes acknowledging the strong aspects of the work with respect to 

literature that has come before.  

As it stands, Blakers et al. [2] provide an interesting “what if?” and might eventually end up in 

the scientific literature. However, it is not a credible plan for Australia that justifies lesser 

consideration of other options.  
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Limitations 

1. The work is not peer-reviewed and published in a high-quality 

journal 

The available work seems to have been put to the public domain ahead of the necessary 

peer-review process that is the hallmark of good science. The summary report and full report 

in the public domain do not permit comprehensive review [5]. We note the authors have 

published similar findings relating to the South West Interconnected System [6]. This standard 

should be met prior to placing the National Electricity Market work in the public domain. 

 

2. Demand assumptions are unreasonable and provide no credible 

range  

The authors state: 

We assume that NEM demand remains stable at 205 TWh per year. NEM demand 

has changed little since 2008 [10], with energy efficiency and behind-the-meter PV 

offsetting growth in demand in various sectors. 

 

This assumption is not reasonable and weakens the case for the proposed system. Recent 

years of demand should not be assumed to be correct for many decades into the future, 

which is the timeframe they suggest for implementation. Fig. 1 places this in the context of 

recent Australian demand and projections. The demand choice shown for EDM 2010-2011 

Actual represents (at the national level) the same no-growth assumption applied by Blakers et 

al. [2] for the National Electricity Market. This assumption is not consistent with projections 

including the range adopted by AEMO for 2050 for their 100% renewables study [7] (303-377 

TWh nationally or +19-54% on current demand). The authors themselves acknowledge: 

We also exclude electrification of land transport (which could add 30-35% to 

electricity demand in the future)  

 

On this basis alone, demand of ~ 275 TWh for the NEM (+34% on assumed) is more 

reasonable. The model is therefore unlikely to be relevant for the future in which such a 

system might conceivably be developed. These results are unreliable as a demonstration of a 

100% renewable electricity future for Australia.  
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Fig. 1 Comparison of scenarios for Australian electricity consumption (terawatt-hours, TWh) from Bureau of 

Resources and Energy Economics (BREE), ACIL Allen, Australian Energy Market Operator/Independent Market 

Operator (AEMO/IMO), Australian Government Treasury Strong Growth, Low Pollution (SGLP) [all sourced from 8], 

National Electricity Forecasting Report (NEFR) [9], Department of Industry and Science (DOIS)[10], Wright & Hearps [4] 

and Elliston et al.[11] (EDM), Australian Energy Market Operator 100 % Renewables [7] (AEMO). Figures from National 

Electricity Forecasting Report were converted from National Electricity Market figures to Australia-wide figures by 

multiplying annual data by 1.14  [12] 
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3. Cost exclusion of rooftop photovoltaics is an economic oversight 

The authors state (emphases added): 

Our modelling recognizes the likelihood of continued substantial growth in privately 

funded rooftop PV systems. We assume that, in the future, one quarter of dwellings 

in the NEM are mounted with a fixed 5 kW PV system. Additionally, a similar capacity 

of solar panels is assumed on commercial building roofs. The total capacity of roof 

mounted systems is therefore assumed to be 17.3 GW, and based on simulation this 

yields 23 TWh of annual generation. This is about 11% of annual electricity 

consumption in the NEM (205 TWh per year)... The output of these PV systems is 

assumed to be preferentially consumed before contributions from any other 

generator. Hourly demand is reduced by the modelled rooftop generation. The cost 

of these systems is absorbed by the building owners, and does not directly 

affect calculated electricity costs under this model. 

 

These assumptions are flawed and the modelling generates a false cost outcome. Almost no 

photovoltaic systems installed in Australia today have been 100% “privately funded” (Blakers 

et al. [2] , p.9). Nearly all have had public support under various incentive schemes, some of 

which continue today. Commercial/industrial premises in Australia were at one stage eligible 

for photovoltaic systems up to 99 kW with nearly 75% of the capital cost met by a combination 

of two incentive schemes (a 50% grant plus 100% of the renewable energy certificates then 

flowing to the to the private owner). The authors need to be clear in their assumptions and 

modelling that there is no further subsidisation of photovoltaic systems or the assumption of 

“privately funded” is incorrect. 

 

Furthermore, with or without public money, private photovoltaic systems cannot be assigned 

zero cost when making claims regarding the cost of “the system”. The authors have included 

this source of supply in the modelling but not costed it. That assumes supplying 11% of the 

205 TWh demand is literally free. This is incorrect.  
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Fig. 2 Monthly solar photovoltaic installation in South Australia (kw month−1) from February 2011 to November 2014 
showing reduction and withdrawal Renewable Energy Certificate (REC) multipliers and Feed-in Tariff (FiT). Sources: 
Clean Energy Regulator (2012), Clean Energy Regulator (2014c). Figure from [13] 

4. Lifespan of generation assets is not considered 

In relation to point 3 above, the authors have reasonably assumed an asset lifespan of 25 

years for wind and solar photovoltaic generation. The authors allude to a roll-out period of 

decades. The supply system would be in a perpetual state of asset replacement and, as per 

point 3, the rooftop photovoltaic is currently costed at zero for the first, let alone subsequent 

installations. 
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5. Costs are sensitive to the quality of the pumped hydro-electric 

storage sites. Ranges of costs must be provided 

The authors state: 

Unlike conventional “on-river” hydro power, off-river (closed loop) PHES requires 

pairs of hectare-scale reservoirs, rather like oversized farm dams, located away from 

rivers in steep hilly country outside national parks, separated by an altitude difference 

(head) of 300-900 metres, and joined by a pipe containing a pump and turbine. 

 

They then assert: 

Australia has hundreds of excellent potential sites for off-river PHES, outside national 

parks and other sensitive areas, in the extensive hills and mountains that exist close 

to population centres from North Queensland down the east coast to South Australia 

and Tasmania (Figure 2). 

 

However, the cost assumptions relate to a specific altitude difference (head) in the upper end 

of the stated range along with other preferable conditions (emphases added): 

The unit off-river PHES system is assumed to have a power of 200 MW, a head of 

600 m, twin 20 m deep 5 hectare “turkey nest” ponds with earth walls built on flat 

land, penstock slope of 13 degrees, easy access, minimal flood control 

measures and a round trip efficiency of 80%. 

 

These assumed requirements mean the pumped hydro-electric storage sites are immediately 

more constrained. Furthermore the authors acknowledge: 

Head is a strong inverse driver of cost of storage.  

 

This means the lower the head, the higher the cost, and this relationship is strong. The 

authors thus present a premature finding with no range of uncertainty in relation to the quality 

of the sites for pumped hydro-electric storage and their associated costs.  

 

  



 

11 

 

6. Scale of new pumped hydro-electric storage is large. “Off-the-shelf” 

is misleading  

The assertion made in media that the proposed system relates to “off-the-shelf” technology is 

misleading. The authors suggest a pumped hydro-electric storage sector of 15-25 GW 

installed capacity. The current pumped hydro-electric storage capacity in the USA (population 

318 million) is approximately 22 GW. The requirements of this system thus represent a 

massive increase in Australia’s pumped hydro-electric storage capacity, each an engineering 

challenge based on site-specific conditions.  

 

Failure of infrastructure of this type has 

occurred (Fig. 3) with critical injuries to 

three children [14]. The necessary 

reconstruction provides insights into 

the engineering challenges[15]. There is 

nothing “off-the-shelf” about this 

proposed level of pumped hydro 

electric storage. 

 

 

 

 

ROAM 2012 [16] has much better detail but outlines Blaker’s methology as very 
simple, apparently taking little account of slope – yet construction cost model 
assumes flat land (pg 11). The ridgetop locations indicated are anything but, as far as 
it’s possible to tell. The geotechnical challenges and risks of perching ~5 megatonnes 

of water at the top of a slope in much of the indicated terrain are not to be 
underestimated 

Dr Mark Duffett, geophysicist, 2 March 2017 

 

  

Fig. 3 Failure of the Taum Sauk pumped hydro-electric 
storage facility, Missouri, USA 2005  
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7. Assumed barriers to pumped hydro-electric storage siting are 

unreasonably low 

The authors state. 

Australia has hundreds of excellent potential sites for off-river PHES, outside national 

parks and other sensitive areas… 

 

This is setting an unrealistically low hurdle to site suitability. The authors further state: 

… in the extensive hills and mountains that exist close to population centres from 

North Queensland down the east coast to South Australia and Tasmania. 

 

Touted as technically advantageous, 

these same characteristics can make 

siting a challenge. These sites could be 

expected to be defended from 

development by communities who do not 

wish to see these hill-face zones 

industrialised in this way (Fig. 4) and who 

may raise safety concerns. Such pressure 

may lead to development of technically 

inferior sites that will increase costs (see 

point 5).  

 

8. Water consumption is large and sensitive to the quality of the 

pumped hydro-electric storage sites 

The authors state: 

the annual water requirement is 11 GL. This represents 0.3% of current water 

extraction from rivers under Murray Darling Basin Authority (MDBA) control. 

 

From the perspective of conservation and environmental flows, 0.3% or 11 GL, could be non-

negligible in a nation that (i) is prone to droughts, (ii) where water extraction is highly 

contested, and (iii) where surface water availability across much of Australia is projected to be 

in long-term decline in response to climate change [17]. 

Fig. 4 The re-built Taum Sauk hydro-electric power 
station. There are no grounds to assume communities will 
not contest industrialisation of hills-face zones in this way. 
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The consumption figure is based on the ideal assumed conditions described in point 5. 

Should inferior conditions be required (points 5, 7 and 8), larger dams with greater 

evaporation might be needed. Might water consumption be ×3 that stated by the authors (~ 1 

% of extraction)? We do not yet know; the authors have assumed ideal conditions and, again, 

provided no range of credible outcomes.  

 

The context of extraction from the entire Murray-Darling Basin Authority is deceptive. 

Extraction from local sites and systems could be much higher than the whole-of-basin 

average. For example, were a single sub-catchment to be highly developed with pumped 

hydro-electric storage, it could incur flow impacts that further compromise river health. It is 

premature to be ascribing low environmental impacts from this system.  

 

9. Transmission considerations are partial and use the fallacy of 

perfect planning 

The authors state: 

In our modelling, we include an HVDC and HVAC “backbone” down the east coast of 

Australia and along the southern coast to South Australia. Terminals are located 

close to the major population centres (Brisbane, Sydney and Melbourne) or near the 

most important renewable energy sources. 

 

Giving more detail they state: 

We envisage sequential construction in the 2020-2030 timeframe of several 

independent overhead HVDC interconnectors, each 700-1500 km long, through flat 

country with good access (inland Australia). The interconnectors operate at a voltage 

of ± 800 kV and have nominal power capacity of about 6-7 GW. On the basis of 

similar systems constructed around the world we estimate a cost of $400/MW-km 

[24]. 

 

Connection of the actual pumped hydro-electric storage sites, which will be axiomatically 

through more difficult terrain, appears to be uncosted. There is no reason to assume this 

amount of transmission development will be easy or uncontested. There is no reason to 
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assume the corridor identified in the study as the “backbone” will be readily available for 

transmission development. There is ample evidence in Australia and globally that 

transmission infrastructure is frequently unpopular and strongly contested [18]. The contentions 

of an “off-the-shelf” solution belie the extreme difficulties that can occur in implementation of 

these types of assets at such scales. 

 

10. There is no consideration of distribution level network upgrades 

For rooftop photovoltaics to provide > 20 TWh of electricity per year would require investment 

in the electricity distribution network to manage, for example, voltage limits on local feeders. 

This has not been considered in Blakers et al. [2] and is discussed in further detail in Heard et 

al. [12].  

 

11. Reliability assertions relating to renewable sources are unreferenced 

and in some cases incorrect 

The authors state: 

Even a fast-moving weather event takes hours or days to move over a significant 

fraction of the PV and wind generators (and thus affect generation). 

 

This assertion is unreferenced and contrary to experience. As published in 2015 [13]: 

For example the largest five-minute change in supply from wind in South Australia 

was a decrease of 294 MW (Australian Energy Market Operator Ltd, 2013d). To 

manage this variation, capacity in excess of an entire, large generating unit (280 MW 

of coal generation from Northern power station) had to be sourced at short notice 

(Australian Energy Market Operator Ltd, 2013d). Such challenges will increase in size 

and frequency, and therefore potential economic cost, as wind power supply 

increases, notwithstanding improving prediction of the availability of electricity from 

wind (Edis, 2014). 

 

In the above-referenced case, the 294 MW decline occurred over five minutes, not hours or 

days. The daily variability of wind output in South Australia in the summer of 2017 has in 

some cases been extreme and has contributed to load shedding and Lack of Reserve 

warnings. The authors’ unsubstantiated claims downplay a serious challenge. 



 

15 

 

 

 

Fig. 5 Wind generation over 24 hrs in South Australia, 27-28 February 2017 

12. Assumed capital expenditure deserves comparison with alternatives 

The authors state: 

The capital cost of the baseline scenarios (PV, wind, PHES and HVDC) for current 

and future PV/wind prices are $184 billion and $152 billion respectively. 

Approximately 60% is for construction of the PV and wind collectors, and 40% is for 

construction of PHES and HVDC. This capital cost is amortised over the system 

lifetime, which is 25 years for most components. 

 

Particularly given the low, 25-year assumed asset life, simple comparisons of what that 

capital expenditure might offer via other low-carbon options are warranted. 

 

For example, the United Arab Emirates (which has world-leading solar insolation) is currently 

completing a build out of 5.6 GWe electric of nuclear generation capacity for an overnight 

capital cost of approximately US$20 billion. The build is proceeding on time and on budget 

with the first plant commissioning expected in 2017.  

 

Converting to Australian dollars (at a current rate of ~ 1.3), this would represent an overnight 

capital cost of $4652 per kW installed. Assuming an energy availability factor of 0.91 (which is 
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the 10-year average to 2015 from the 96,000 MW installed nuclear sector in the USA), this 

money could purchase: 

 

 33-40 GW installed of nuclear capacity, capable of generating 

 258-312 TWh of electricity per year (126-152% of the annual demand assumed by 

Blakers et al. [2], noting again that 11% of the supply was uncosted, see point 3). 

The operational costs of this nuclear sector would be expected to be higher than the 

photovoltaic/wind/pumped hydro-electric storage proposed by Blakers et al. [2]. Furthermore, 

the above example is naturally not an actual simulation of supply-demand matching and also 

assumes perfect roll-out (see point 9).  

 

However, (i) new transmission requirements would be negligible in comparison, (ii) the asset 

life would be 60 years compared to 25 for the wind and photovoltaic assets, and (iii) all 

generating capacity would be synchronous, thus capable of providing the full range of 

frequency-control services with none of the uncertainty as expressed by Blakers et al. [2]. The 

above example is simple and certainly not to be construed as definitive. However, the authors 

state: 

 

…it will be difficult for any other low emission technology (such as nuclear, solar 

thermal, geothermal, ocean and biomass) to become competitive, neither on the 

basis of competitive supply of energy alone nor on the basis of supply of both energy 

and ancillary balancing services. 

 

This statement is unsubstantiated and appears to be incorrect. At the minimum, Blakers et al. 

[2] provide no compelling arguments for limiting the consideration of other generation options 

in Australia. 
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13. Excluding nuclear energy is unscientific 

The authors state: 

“We also exclude nuclear energy because of the unlikelihood of its deployment in 

Australia”. 

Science-based investigations of energy supply options must avoid subjective assumptions 

about “likelihood” of technology deployment that is in this case given no further justification, 

and thus is more a statement about political or public popularity. The job of the physical 

scientist is to interrogate the options available and present outcomes, not pre-judge societal 

and political wishes. It is consequential to note that the authors did not construct any 

argument around nuclear on environmental or safety grounds as done elsewhere [11, 19]. This 

might be due to growing awareness that the data strongly support nuclear technology in both 

these regards [20]. 

The authors state: 

“Heroic growth rates are required for other renewable or low emission technologies 

(nuclear, carbon capture & storage, concentrating solar thermal, ocean, geothermal) 

to span the 20 to 1000-fold difference in scale to approach the scale of wind and 

PV…” 

 

This assertion is unreferenced. It is also incorrect. The fastest roll-outs of new electrical 

capacity when normalised for population (Fig. 6) have come from nuclear programs (a 

phenomenon continuing to the present day with the United Arab Emirates program) [21].  
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Fig. 6 Nuclear sector rollouts are not slow. They are fast when the quantity of electricity they deliver is 

considered. Chart by Geoff Russell 

 
Wind and photovoltaic are experiencing rapid growth; however, they are growing from a lower 

base than the existing nuclear sector. Their quantity of electricity is projected to exceed that of 

nuclear power by 2030, but the growth rate required to achieve that is much higher than it 

would be for nuclear. From a the perspective of climate mitigation, the modest projected rate 

of growth in fossil energy sources is still set to deliver the largest actual quantity of new 

supply (Fig. 7). Examining existing trends in energy from a climate-mitigation perspective 

strongly reinforces the conclusion that excluding any zero-carbon generation technologies at 

this time is unsupportable.  
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Fig. 7 Projected growth of energy sources to 2035. 24% growth in fossil fuel is set to deliver the largest 
quantity of new supply (2684 Mtoe); 240% growth in “other renewable” will deliver < 1/3rd the quantity of 
new supply as fossil fuels (831 Mtoe). Talking about rates of growth is only giving part of the picture. 

Strengths of Blakers et al. [2] 

Strengths of Blakers et al. [2] compared to similar analyses include: 

 The decision to focus on pumped hydro-electric storage is well justified, because this 

form of energy storage provides > 97% of the total capacity of stored energy in the 

world today (as identified in the document), granting some certainty around costs and 

operations. 

 The report at least acknowledges the importance of ancillary services, which are 

commonly ignored. 

 The decision to focus only on the now well-scaled generation technologies of on-

shore wind and solar photovoltaics boosts the feasibility argument.  

 The modelling and simulation used supply traces for wind and solar photovoltaics (5 

years). This is an improvement on the single-year datasets of previous work. 
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 They applied the National Electricity Market reliability standard (which, at 99.998%, is 

high by global standards). 

 They did not assume demand management in the main scenarios and, where they 

did assume it, it is reasonable based on current practice  

 They acknowledge the absence of actual power-flow modelling and that it is 

necessary (e.g., see MacDonald et al. [22]). 

 They partially considered transmission infrastructure, where other studies have 

excluded this. 

Conclusion 

Overall, Blakers et al. [2] provide an early look at the potential of pairing low-marginal, cost-

variable electricity generation (wind and solar photovoltaic) with assumed availability of low-

cost, unconstrained storage. The confidence they express in the conclusions and their 

implications in both the document itself and recent media reports is not supported by 

evidence they provide.  

 
 
PREPARED BY 

Ben Heard 

Executive Director, Bright New World 

MCESM (Monash); Doctoral Candidate (University of Adelaide)  
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