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Abstract

In response to pressure from all sides, governments around the world have com-mitted to decarbonising their economies within

the next thirty years. Taken literally, this would involve eliminating the use of naturally occurring hydrocarbons such as coal,

natural gas, and oil. However, based on their analysis of data drawn from ac-ademic papers, the Australian Federal Government,

energy industry bodies, and manufacturers of electricity generating equipment, the authors believe at this time, such elimination

of fossil fuel use is simply not possible. That said, by moving to a connected energy island (CEI) power generation topology,

the data suggest we can at once: create a sustainably robust energy supply, move Australia closer to its environmental targets,

and underpin the country’s future economic well-being.
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Abstract: In response to pressure from all sides, governments around the world have 5 
committed to decarbonising their economies within the next thirty years. Taken liter- 6 
ally, this would involve eliminating the use of naturally occurring hydrocarbons such 7 
as coal, natural gas, and oil. However, based on their analysis of data drawn from 8 
academic papers, the Australian Federal Government, energy industry bodies, and 9 
manufacturers of electricity generating equipment, the authors believe at this time, 10 
such elimination of fossil fuel use is simply not possible.  11 
That said, by moving to a connected energy island (CEI) power generation topology, 12 
the data suggest we can at once: create a sustainably robust energy supply, move Aus- 13 
tralia closer to its environmental targets, and underpin the country’s future economic 14 
well-being.  15 
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1. Introduction 32 
Removing naturally occurring hydrocarbons from all our industrial processes 33 

while simultaneously delivering the necessary quantum of reliable, affordable energy 34 
to maintain economic health rates is a difficult problem [1]. In part, that is because our 35 
global reliance on coal, oil, and natural gas goes far beyond their use in energy pro- 36 
duction. Petrochemical derivatives like lubricants and fertilisers keep the wheels of 37 
our global society spinning and our crops growing. Some 99% of every plastic, metal, 38 
glass, ceramic, wooden or fabric product in use today – including those used in solar 39 
panel and wind turbine production – rely on fossil fuels for their existence [2]. To en- 40 
tirely decouple our global economy from fossil fuel-based products for many lifetimes 41 
may be impossible, if ever. With that in mind, the authors believe any moves to decar- 42 
bonise our economy should begin with strategically sound, more tightly focused ini- 43 
tiatives - such as deploying proven transition-centric energy generation technologies 44 
[3, 4]. This approach can yield positive outcomes in the short term while also enabling 45 
our climate action end game. In essence, we can keep one eye on the future while 46 
doing the best we can with what we have right now [5]. 47 

2. Hypothesis 48 
To achieve our various short and long-term environmental goals, we must main- 49 

tain our country’s ability to fund these endeavours by protecting our collective pros- 50 
perity. That means keeping the lights on and the wheels of industry turning.  51 
Affordable, reliable, sustainable electricity generation is achievable by deploying tran- 52 
sition-capable, base-load and intermittent energy technologies – but only if they are 53 
brought together in a flexible, manageable network topology, such as the connected 54 
energy island (CEI) concept. 55 

3. The Situation 56 
Australia’s electric power generation is through the consumption of fossil fuels as 57 

well as the application of several renewable energy harvesting methods [3, 6]: 58 
 59 

• Coal: 54.8%, Oil: 1.7%, and Natural Gas: 20.82% (a fossil fuel total of ~77%), 60 
• Hydro-Power: ~6%, 61 
• Solar Panel Installations - both domestic and industrial-scale: ~8%,  62 
• Wind Turbines:~8%, and 63 
• Bioenergy: ~1%. 64 

 65 
 66 
 67 



 

 68 
 69 

Figure 1. Australian Energy Consumption by Sectors [7] 70 
 71 
Those states lying on the eastern seaboard share electric power via a common electric- 72 
ity grid; however, this has proven to be both a blessing and a curse. On the plus side, 73 
it has allowed one state with excess generating capacity to sell its extra power to an- 74 
other in need. However, creating a common grid has also allowed some states to 75 
skimp on their investments in power generation, winding back their production ca- 76 
pacity and relying more and more on large-scale electricity generators elsewhere in 77 
the country. Those current - mostly coal-fired - generators are aging and breaking 78 
down more often. With no significant investment in newer, more efficient and reliable 79 
base-load generators, the entire grid will inevitably weaken and fail [3, 8]. 80 
As evidence of this, a recent supply squeeze has seen power prices jump dramatically 81 
across the country, necessitating load shedding and costly market intervention by the 82 
energy regulator and market operator [9].  83 
 84 
In light of these events, the key questions asked of governments are:  85 

• What technology can add reliable 24x7, flexible base-load power generation 86 
in the shortest time? 87 

• Which power generation technology can meet the joint criteria of timeliness, 88 
sustainability, and cost efficiency from capital expenditure, operational per- 89 
spectives, and cost per Megawatt?  90 

• Should private hands hold these new power sources? Should the public own 91 
it? Alternatively, should they be assets held in a public/private partnership. 92 



 

• Should governments declare power generation as a special class of essential 93 
service - enabling them to enforce decisions regarding these assets that more 94 
appropriately serve the public interest? If so … 95 

• How can governments address their constituents’ energy supply and cost re- 96 
quirements while concurrently avoiding sovereign risk and protecting the 97 
commercial viability of energy suppliers.    98 

4. Energy Decarbonisation: Think Big, Start Small 99 
Government data suggests Australia is sufficiently reliant on fossil fuels as to 100 

make it impossible to eliminate their use in the short term [3]. Providing the energy 101 
needed to run our economy without fossil fuels would require the equivalent of 102 
1,555TWh of electrical energy annually.  103 
In simple output terms - i.e. ignoring the complexities of energy storage, transmission, 104 
land acquisition or ongoing operational costs - AEMO puts the capital cost of gener- 105 
ating that quantum of electricity using offshore wind turbines at $2.3 trillion, or $ 862 106 
billion using solar panels. Using land-based wind turbines would cost $ 825 billion, 107 
while H2-compatible gas turbine generators would cost $484 billion [10].  108 
Despite presenting a simplified view of the cost of decarbonisation, these figures none- 109 
theless cast doubt over the veracity of recent claims that in just a few years, and with 110 
the expenditure of tens of billions of dollars, Australia can move away from its reliance 111 
on fossil fuels [3, 11].  112 
We posit that Australia’s decarbonisation should begin with a more modest but no 113 
less significant undertaking - reshaping the electricity generation sector: This sector 114 
accounts for ~ 10% of Australia’s fossil fuel usage.  115 

5. Exploring the Connected Energy Island Concept: A Victorian Hypothetical 116 
Regarding its electricity generation, Victoria is Australia’s second most coal-reli- 117 

ant state (~68%), but as shown in Figure 1, it also generates a substantial input from 118 
renewables – totalling ~27% of its power. 119 

 120 
 121 
 122 
 123 
 124 
 125 
 126 
 127 
 128 
 129 
 130 
 131 
 132 

Figure 2. The breakdown of fossil fuel-fired and renewable electricity generation in Victoria 133 
 134 



 

 135 
 136 

This juxtaposition of heavy reliance on coal to fire aging, and base-load power 137 
plants, with substantial uptake of renewable technologies [3, 6], makes Victoria an 138 
ideal subject for exploring the connected energy island concept (CEI).  139 
However, another factor in the state’s qualification as the ideal test-bed is the HESC 140 
or Hydrogen Energy Supply Chain project. 141 
Located in the Latrobe Valley, close to the State’s large lignite deposits and existing 142 
base-load grid infrastructure, this gasification pilot plant is paving the way for a full- 143 
scale hydrogen production facility, incorporating CO2 sequestration [3, 12]. 144 
Completing a full-scale H2 production facility represents the last key element needed 145 
to successfully implement Victoria’s CEI.  146 
 147 
To summarise, the five factors that make Victoria the ideal state for a CEI implemen- 148 
tation are: 149 

• A ready supply of an initial first-phase fuel source to power new, high-effi- 150 
ciency, Natural gas to H2 gas turbine generators. 151 

• The promise of nearby H2 fuel availability.  152 
• Easy access to the main grid infrastructure 153 
• Sufficient available land … and 154 
• A local government and community that is favourably disposed to such a de- 155 

velopment. 156 
 157 
As shown in Figure 2, a CEI employs a flexible “building block” approach, which can 158 
support various network topologies, allowing designers to leverage maximum ad- 159 
vantage from their existing grid layouts.   160 
In Victoria, that means co-locating the bulk of new base-load generating capacity with 161 
the soon-to-be-retired coal-fired plants. 162 

 163 

Figure 3. The topology of Victoria’s hypothetical connected energy island 164 

 165 



 

Apart from taking a share of the energy fed into the national grid from the nation’s 166 
hydro-electric resource – Victoria’s energy island would apply a mix of energy har- 167 
vesting, electricity generation, H2 production and energy storage technologies to cre- 168 
ate a more robust, manageable, self-sufficient electricity network.  169 
Importantly in the CEI, the absence of the kinds of kinetic or thermal inertia found in 170 
current large-scale generating facilities is by replacing smaller, rapid response BESS 171 
(Battery Energy Storage Systems) - tethered variously to gas turbine, solar or wind 172 
energy sources.  173 
Automatically directing the short-term oversupply to BESS installations, and vari- 174 
ously directing longer-term excess power from non-synchronous energy sources to 175 
BESS or H2 production/storage facilities as needed. Even accounting for energy trans- 176 
fer losses, the more complete integration and manageability of base-load, intermittent, 177 
peaking, and energy storage resources would be more stable, efficient, and less prone 178 
to “disorder” than the current arrangement [8].  179 
Additionally, the CEI serves to insulate each state from energy policy missteps by oth- 180 
ers. The situation in which one state decides to deploy predominantly intermittent 181 
energy systems while burdening another with the responsibility of delivering secure 182 
base-load power would largely need to be updated. 183 

6. Estimated capacity, costs, timeline, and policy ramifications 184 
The 2019-20 period Victoria consumed 101,720 GW/hrs of electric power, with 68% 185 

of that coming from base-load or industrial plants consuming coal or oil [6].  186 
The pathway to an energy island sees these older power plants replaced with high- 187 
efficiency gas turbine installations, capable of running on natural gas initially – but 188 
transitioning to hydrogen as the local hydrogen supply chain becomes established.  189 
Deploying this kind of technology offers many advantages: 190 

-  It can be done in a relatively short time-frame  191 
- The capital cost per kilowatt is low 192 
- It delivers secure base-load capacity, with far greater generating flexibility and 193 

redundancy than that found in coal fired plants [13].  194 
- It sets a clear path to a clean fuel transition, and 195 
- It supports the extensive deployment of renewable energy harvesting systems.  196 

 197 
Victoria’s energy island would comprise: 198 

• 56 combined cycle gas turbine units 199 
• 20 solar harvesting installations 200 

• Ten onshore wind farms; 201 
• Six offshore wind farms; 202 
• 36 tethered BESS (battery systems); and 203 
• 36 hydrogen electrolysers. 204 

 205 



 

Initially, baseload power would be generated using LNG and blue H2 fuel. However, 206 
subsequent stages could see the entire system transition to green H2 - generated by 207 
tethering electrolysers to onshore and offshore wind turbines. Integrating grid-scale 208 
battery systems (BESS) into each of the solar installations.  209 
Further, along the timeline, either BESS or tethering electrolysers to all remaining solar 210 
and wind-harvesting installations gives a centrally managed, network-wide battery 211 
storage and H2 production capability.  212 
Our design, and the resulting costings, are based on output modelling for a network 213 
capable of providing ~150% of the state’s electricity demands across all the hours of 214 
an average day.  215 
Hourly demand figures underpinning our calculations came from Government data 216 
on Victoria’s annual electricity consumption, overlaid on AEMO’s general demand 217 
curve for an average 24-hour period [6, 8].  218 
The aggregate capital cost of our hypothetical CEI (Figure 3) in today’s dollars would 219 
be ~$90.7 billion, or $9.07 billion per annum, plus inflation and other costs by complet- 220 
ing the project within a decade. The annual operating costs of the completed energy 221 
island would be ~$1.9 billion. 222 
 223 

 224 
Figure 4. Hypothetical Energy Island Costings and Deployment Times 225 

 226 
Once fully installed, the network would have a total annual generating capacity of 227 
153.4 TWh, with the potential to produce ~865,000 tonnes of green hydrogen per an- 228 
num. This represents a further energy potential of 2.8 TW of energy.  229 

7. The Bankability of the Connected Energy Island Concept 230 
In 2013, the American National Renewable Energy Laboratory (NREL) released a 231 

framework for assessing projects in the renewable energy sector [14]. This work was 232 



 

undertaken in recognition of the fact that many renewable energy projects are so large 233 
in scope and so potentially costly that fatal flaws in those projects need to be identified 234 
and analysed quickly and accurately to avoid the investment of scarce capital in what 235 
would prove to be losing propositions. 236 
The NREL framework identified the key element considered before descending into 237 
any detailed technical examination of a project as its motivation.  238 
 239 
To examine the genuineness of that motivation – and its resulting bankability - it sug- 240 
gested an interrogation of the following aspects of a project:  241 

- Baseline Knowledge,  242 
- Economics,  243 
- Policy,  244 
- Technology, and  245 
- Consensus.  246 

 247 
We applied this bankability framework to the energy island concept as follows: 248 
 249 
Baseline knowledge  250 
Undoubtedly, as a country, we have a good understanding of what it takes to develop 251 
and maintain a successful electricity grid, and we possess the appropriate skillsets [3]. 252 
Further, there is a growing acknowledgement that the present grid is failing – in some 253 
part at least due to the introduction of difficult-to-manage intermittent energy sources, 254 
but also as the result of a decline in base-load capacity [3, 8] 255 
 256 
Economics 257 
While energy island cost/benefit data needs to be fully explored – initial calculations 258 
based on AEMO’s costing suggest the project is viable. The estimated capital cost per 259 
kilowatt for all onshore elements is broadly in line with global renewables baselines. 260 
In addition, in terms of the financial impact on the economy, data from the Australian 261 
Treasury, the Australian Bureau of Statistics, and IMF, suggest such infrastructural 262 
investments in Australia have a positive multiplier effect on GDP of ~1.3 times that of 263 
the investment [15] - a 30% positive economic “return”.  264 
 265 
Policy 266 
Given the nation’s widely known commitment to action on climate change, this is un- 267 
likely to be an impediment to the commencement and continuation of a connected 268 
energy island program.  269 
 270 
Technology 271 
Each of the building blocks in the proposed island’s network is widely employed 272 
around the world, and well proven. 273 
 274 
Consensus 275 



 

Even if there is often disagreement on exactly how or how fast to do it, there can be 276 
little argument that there is general support among policy makers, scientists, and the 277 
public for the need to move away from our dependence on fossil fuels. 278 
 279 
Based on this, the authors believe that the concept of the CEI is indeed bankable. 280 

8. Discussion 281 
Because replacing the current state power grid with a CEI involves significant ex- 282 

penditure, local, state, and federal governments, energy companies and private inves- 283 
tors would likely jointly fund the program. Beyond that however, the authors believe 284 
there may be need for some adjustments to government policy, to speed its deploy- 285 
ment.  286 

 287 
Specifically, these policies would involve: 288 
 289 

1. Removing royalties on coal and natural gas where usage is as feedstock for 290 
the production of H2 and H2 based fuels – in conjunction with carbon capture 291 
practices. 292 

2. Taking steps to encourage the establishment of a local, large-scale solar panel 293 
manufacturing facility – modeled on the successful, smaller plant currently 294 
operating in South Australia.  295 

3. Expanding the building code to specify that constructing all new residential 296 
and commercial buildings to include solar panel and battery storage capacity 297 
deemed appropriate to deliver a level of self-sufficiency in the event of grid 298 
stress [3]. 299 

 300 
Given the very substantial investment that must inevitably be made in harvesting so- 301 
lar energy, the authors believe that adoption of the CEI concept can deliver to Victoria 302 
the opportunity to at once as follows: 303 
 Cement its place as a centre of expertise and manufacturer of the necessary en- 304 

abling technologies,  305 
 Increase the State’s manufacturing base, and  306 
 Create a secure supply chain for these key products. 307 

 308 
9 Conclusions 309 

Despite the insistence of various influential individuals and organisations that de- 310 
veloped countries around the globe should eliminate fossil fuel use, we must face the 311 
reality that our current suite of technologies is not up to the task. 312 
When applied to current terrestrial energy harvesting techniques, the laws of physics 313 
dictate that “pound for pound”, solar and wind harvesting technologies must always 314 
deliver many orders of magnitude less energy than our current hydrocarbon or 315 



 

nuclear energy sources. In everyday terms, attempting to run an entire economy solely 316 
on today’s renewable platforms is similar to trying to smelt steel with candles. 317 
Further compounding the challenge of eliminating the use of naturally occurring hy- 318 
drocarbons is that some 99% of all manufactured products rely on them as feedstock 319 
rather than fuel. Hydrocarbons are the essential and currently irreplaceable raw ma- 320 
terial enabling the production of practically all our plastics, lubricants, adhesives and 321 
fertilisers. These are fundamental to producing the bulk of our food … and manufac- 322 
turing virtually every product or service, we take for granted. 323 
None of the aforementioned means we should abandon our attempts to walk more 324 
gently on the planet we all share. However, the steps we take regarding climate action 325 
must be carefully calculated and considered. Governments must be aware of the po- 326 
tentially huge financial and human cost that rushed, poorly thought-out climate-cen- 327 
tric decisions can impose on their citizens for future generations. 328 
 329 
 330 
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