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technology in Victoria, Australia 
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Abstract: 
In order to consolidate a sustainable renewable energy infrastructure, the Australian state of 
Victoria requires an advancement and development of any feasible renewable energy 
alternatives. There is a large onshore wind energy market in Victoria but the state currently 
has no offshore wind technology under consideration or proposal. Australia, and Victoria, has 
a vast coast line with desirable wind resources for offshore wind implementation. In order to 
definitively investigate the potential for such technology, a simulation was designed to test the 
amount of power that could be produced in Victoria by using real life wind speed data sets. 
The simulation output was analyzed in conjunction with an analysis of the social, political, 
environmental and economic considerations that could increase or decrease the potential for 
this technology. 11 simulation scenarios were tested and analyzed, two of which produced a 
positive net present value by the conclusion of its commissioned operational life. It was found 
that there is the potential for development of this technology within certain locations in 
Victoria but it would face several barriers to implementation. The most prominent barriers are 
competition with a thriving coal and fossil energy industry and competition with more 
economically desirable alternative renewable technologies such as onshore wind energy.  
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Summary: 

Victoria currently has no offshore wind technology despite a vast amount of suitable locations 
for such technology. I have conducted this investigation in order to determine whether this 
technology could be implemented in Victoria and whether it would be profitable if it were. In 
order to calculate this I have conducted a simulation that will show the amount of energy 
produced by a hypothetical offshore wind farm. After simulating many offshore wind farm 
scenarios in a Victorian coastal location, using real data purchased from the Bureau of 
Meteorology, I have found 2 potential offshore wind farms that could operate at an economic 
profit.  

Although I have found scenarios in which a potential wind farm could be considered for 
implementation, there are several factors that decrease this potential. For example, the cost of 
onshore wind energy is so low that until all appropriate onshore wind farm locations are utilized 
in Victoria, there is little chance that an offshore wind farm would receive any consideration 
from the government. Also the profitability of the potential scenarios found rely heavily on 
variables that in real life change abruptly in an open market (such as the sale price for one unit 
of electricity).  

There are considerations that might increase the potential for this technology to be implemented 
in the near future. This includes rapid advancement in the research and development of turbine 
technology. Some research focuses on designing less complex turbines that weigh and cost 
significantly less than conventional wind turbines. There is also an abundance of research on 
prospects such as floating turbine foundations that would significantly lower the costs involved 
with constructing, maintaining and decommissioning offshore wind farms. There is also hope 
that the cost of investment required to produce offshore wind farms will significantly reduce 
over time. If this were to happen, and the initial investment cost decreased drastically, then it is 
very likely this investigation would find significantly more offshore wind farm scenarios that 
are feasible for implementation 
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1 Introduction 
Australia has traditionally been quite reliant on fossil energy for the basis of its energy production 
infrastructure. In order to create a sustainable power industry and begin to minimize and eliminate 
reliance on greenhouse gas intensive methods of energy production, a drastic advancement in 
renewable and green technology is required. It is also vital for the state of Victoria, Australia to 
create and implement sustainable energy alternatives where ever possible in order to secure a 
sustainable energy infrastructure for future generations. Australia and Victoria has an abundant 
utilization of renewable onshore wind energy but, despite a vast potential of suitable offshore 
locations, has not yet commissioned any offshore wind power farms within the country’s coastal 
regions. With weak political pressure to implement environmentally friendly energy 
infrastructure and a vast economic reliance on mining and the brown coal industry, a rather 
sudden and drastic change is necessary and imperative for the Australian energy industry.  

As of 2013, the global installed offshore wind capacity was 7 Gigawatts (GW) and was 
operational within only 14 countries, 93% of which was within the coasts of Europe (Clean 
Energy Council, 2013; REN21, 2014). The growth in offshore wind technology has been far less 
than the growth of onshore wind technology, with a global installed capacity of 318 GW as of 
2013. This growth discrepancy is due to the increasing cost of offshore wind technology being 
utilized in greater depths and greater distances from the shore line (REN21, 2014). As of 2013, 
Victoria had 13 operational onshore wind farms with a further 11 under construction making a 
total of 454 operational turbines at a total capacity of 939 MW (CEC, 2013). Victoria not only 
has a vast wealth of suitable onshore wind resources in various locations but also suitable offshore 
locations with desirable average wind speeds at various elevations.  

There have been several investigations into Australia’s suitability for offshore wind technology 
by means of national wind meteorology analysis and Geographic Information System (GIS) data 
research. Both Messali & Diesendorf (2009) and Boelen, Bishop & Petit (2010) have found 
several suitable locations for the implementation of offshore wind technology in Victoria 
amongst other states and territories. Although these investigations conclude that the suitable 
locations exist they also conclude that constructing industrial scale offshore wind technology is 
not yet economically viable. This investigation seeks to build on the findings of the previous 
literature by combining a hypothetical simulation scenario using real life wind data from 
Victorian coast lines and a study into the political and societal considerations that determines the 
feasibility of offshore wind technologies implementation in the state.  

The outcomes of the investigation will be to examine the feasibility and suitability of 
implementing offshore wind technology in the Australian state of Victoria. The investigation also 
seeks to analyze and predict how successful or sustainable such a technology would be in regards 
to its economic, environmental and social considerations. The investigation will identify and 
analyze the existing barriers to offshore wind energy technology on a state, national and global 
level. The amount of power that could be produced by a potential offshore windfarm will be 
determined using a combination of computer aided simulation and real life data. With successful 
implementation, offshore wind technology could drastically increase Australia’s renewable 
energy production while increasing its economic activity in a sustainable manner. A transition to 
offshore energy among other renewables energies will not only be beneficial for Australia but 
also help aide in the global fight against ongoing climatic change.  
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2 Background 

2.1 Analysis of the current global wind energy and renewable energy 

markets 

2.1.1 Global outlook for renewable energy 

Increasingly more countries are converting their power generating technologies to renewable and 
sustainable alternatives in order to slow the rate of ongoing climatic change and attempt to contain 
the global carbon concentration within acceptable planetary boundaries. Renewable energy 
power generation will be imperative to provide a sufficient supply of electricity for a growing 
population that is expected to require twice the current supply of global energy by 2050 (Cheema, 
et al., 2014). By the end of 2012, 19% of global energy consumption was provided from 
renewable or non-fossil based sources (REN21, 2014). Furthermore, by 2014, 144 countries had 
adopted renewable energy targets and a further 138 had implemented renewable energy support 
policies (REN21, 2014). The increase in renewable technology use is attributed to technological 
advancement, cost reductions, a rapid deployment rate (compared to fossil based energy) and a 
tool for addressing the global dependency on fossil based technologies. In addition, there are 
various social advantages associated with renewable energy use, including: improving 
educational opportunities, reducing poverty, creating jobs, increasing gender equality and 
improving electricity availability in rural locations (REN21, 2014).  

2.1.2 Global outlook for wind energy 

By the end of 2012, 2% of all global energy was provided by wind, solar, geothermal or biofuel 
sources with wind energy capacity being the fastest growing technology. Between 2008 and 2013 
wind energy production grew by 21% and has increased globally over 8 fold over the last decade 
(REN21, 2014). By 2013, commercial wind energy production was operational in 85 countries 
with Asia having the largest added capacity (approximately 52%) followed by the European 
Union (EU) (approximately 32%) then North America (approximately 8%) and in recent times 
Latin America has also undergone a sizeable increase in their wind energy installations 
(approximately 4.5%) (REN21, 2014). Including a 35 GW increase of global wind power 
capacity in 2013, the total global wind power capacity was 318GW by the years conclusion with 
the EU having the greatest cumulative capacity (37%) followed closely by Asia (36%) (REN21, 
2014). 2013 marked the first year that the newly installed capacity had decreased from the amount 
installed in the prior year (decrease from 45GW in 2012 to 35GW in 2013) and this is reflective 
of a steep drop in US market installation and investment (GWEC, 2013; REN21, 2014). Countries 
with the most installed wind power capacity as of 2013 include: China, Germany, UK, India and 
Canada respectively and countries by highest capacity per capita include: Denmark, Sweden, 
Spain, Portugal and Ireland respectively (REN21, 2014). According to a market forecast by 
GWEC published in April (2014) wind power investment was forecasted to reach 47GW by the 
years end (up 2 GW on 2012 levels) and is reflective of a strong market in China, record 
installations in Canada, Brazil and South Africa and also a recovery in the US wind power market 
(GWEC, 2013).  
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Fig. 1. Global wind power capacity in GW for the years 2000-2013  
* (GWEC, 2013; REN21, 2014) 
 

2.1.3 Global outlook for offshore wind energy  

Offshore wind energy was pioneered in Northern Europe in the North Sea with the first 
installation in Sweden in 1990 (Messali & Diesendorf, 2009). Europe is leading the adoption and 
installation of offshore wind power technology with 1.6 GW added in 2013, although this was 
not without delays caused by project cancellations and policy uncertainty in the region (REN21, 
2014). The global offshore wind power capacity was 7 GW as of 2013, 93% of which was 
installed in Europe throughout 11 countries presently, most of which (52%) is situated off the 
coasts of the UK (733 Megawatts (MW) added in 2013) followed in Europe by Denmark (350 
MW added), Germany (240 MW grid connected from a potential 595 MW) and Belgium (192 
MW added) (REN21, 2014). The remaining offshore wind energy capacity is off the coasts of 
China (adding 39 MW in 2013 to a 430 MW total), Japan and South Korea, although the US was 
in the qualification stage for 2 off-shore wind projects by the end of 2013 (REN21, 2014). The 
global offshore wind power capacity has been expanding steadily in recent times, within Europe, 
this can be attributed to the lack of suitable onshore sites and the heightened average wind speeds 
off shore (Geoscience Australia & ABARE, 2010). Investment is also forecasted to expand in the 
foreseeable future due to technological advancements such as greater turbine sizes and increasing 
power ratings (PD Ports, 2014). The global utilization of offshore wind energy is forecasted to 
increase substantially as renewable energy adoption increases with increasingly ambitious 
renewable energy targets. There are already positive signs of investment recently with Siemens 
and Associated British Ports announcing a £310 million investment (equivalent to approximately 
$606 million AUD or €415 million EUR or $475 billion USD) into two major wind turbine 
manufacturing plants for offshore wind (PD Ports, 2014). There has also been investment in 
major commercial wind farms such as the 600 MW Gemini project in the Netherlands and the 
630 MW London Array project that is currently being developed (EWEA, 2014; PD Ports, 2014).  
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Fig. 2. Global cumulative installed offshore wind energy capacity  
*The 2013 value includes the known installed capacity as of the date of publication of the NAVIGANT document (2014) and 
thus includes the installed capacity for the period of the beginning of 2014 till mid-2014 as well as the final installed capacity 
(7031 MW)  as of the conclusion of 2013 (NAVIGANT, 2014). 
 

2.2 Analysis of the current Australian wind energy and renewable energy 

markets 

2.2.1 Australian outlook for renewable energy 

Australia has continual investment in renewable energy technology predominately due to the 
Renewable Energy Target (RET) of 20%, or 45,000 gigawatt hours (GWh) of renewable power 
generation to Australian electrical grids by 2020 (GWEC, 2013; Hallgren, et al., 2014). One 
independent study in 2012 found that the Australian RET was responsible for an investment in 
renewable energy to the value of $18.5 billion AUD (equivalent to approximately €12.1 billion 
EUR or $16.6 billion USD) (GWEC, 2013). Although there is investment in renewable 
technology within Australia, according to the Climate Change Performance Index (2015), 
Australia is the worst performing country to combat climate change from all ‘Organization for 
Economic Co-operation and Development’ (OECD) countries (Burck, et al., 2015). This 
sentiment can be recognized by the current Abbott (Australian Prime Minister: Tony Abbott) 
administration’s decision to abolish the Clean Energy Act 2011 and the Carbon pricing 
Mechanism that Australia had previously instated (Clean Energy Regulator, 2014b). One 
mechanism that remains is the Renewable Energy Certificate (REC) scheme initiated by the 
Renewable Energy Act 2000. This scheme works by awarding 1 certificate for every 1 Megawatt 
hour (MWh) produced from a renewable source that can be exchanged in turn for money at a 
value which is subject to market fluctuations (Clean Energy Regulator, 2014c). One driver for 
potential advancement in renewable energies with consequential divestment in fossil based fuel 
sources is the fact that much of Australia’s coal fired power fleet are operating beyond their 
designated operational life and thus resulting in a surplus energy capacity (Clean Energy Council, 
2014). If these plants were to be decommissioned then it would open the energy market for large 
scale investment in more sustainable renewable alternatives.  
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2012-2013 Average annual growth 

GWh Share (%) 2012-2013 (%) 10 year (%) 

Fossil fuels 215,509 86.9 -3.4 0.3 

Black coal 111,491 44.8 -4.4 -0.9 

Brown coal 47,555 19.1 -13.6 -1.7 

Gas 51,053 20.5 5.1 5.7 

Oil 4,464 1.8 65.2 13.9 

Other 1,945 0.8 78.8 0.8 

 GWh Share (%) 2012-2013 (%) 10 year (%) 

Renewable energy 32,566 13.1 26.2 6.2 

Bioenergy 3,151 1.3 3.5 6.4 

Wind 7,328 2.9 19.9 29.7 

Hydro 18,270 7.3 29.7 1.3 

Solar PV 3,817 1.5 49.2 56.4 

Geothermal 1 0.0 0.0 0.0 

Total 249,075 100 -0.3 0.9 
 Table 1. Australian Electricity generation, by fuel type 
* (BREE , 2014) 
 
2.2.2 Australian outlook for wind energy 

Wind power generation has grown considerably since the adoption of renewable energy targets 
and the amount of energy produced from wind in Australia has expanded from 71 MW in 2001 
to 3.2 GW as of the completion of 2013 (GWEC, 2013). Australia is known to have some of the 
most valuable wind resources globally, in some locations it is even comparable to Northern 
Europe. The best wind resources are located in coastal regions in the Southern and Western states 
and extend for many hundreds of kilometers inland (Geoscience Australia & ABARE, 2010; 
Hallgren, et al., 2014). Australia has also constructed the Southern Hemisphere’s largest wind 
farm located in MacArthur, Victoria, with a total capacity of 420 MW, to add to the total 
Australian capacity of 3,239 MW in 2013 (GWEC, 2013; Department of Economic Development, 
Jobs, Transport and Resources, Victoria, Australia, 2014). Australian wind energy investment in 
2013 topped $1.5 billion AUD (equivalent to approximately €0.98 billion EUR or $1.35 billion 
USD) and investment is forecasted to continue at a rapid pace due to the fact it is a proven 
technology and requires relatively low operating costs (Geoscience Australia & ABARE, 2010). 
Wind power is the fastest growing of any renewable energy industry in Australia (even in spite 
of Australia’s vast solar energy potential), wind power production had doubled between 2007 
and 2012, it provides 3.4% of Australia’s total electrical needs and accounts for 26% of all 
renewable energy generated in Australia (Hallgren, et al., 2014). Australia was the only country 
in the Pacific to add to their wind energy capacity to the amount of 0.7 GW in the year 2013 
(REN21, 2014). There are also 2 institutions that have been formed to support future 
developments in the wind energy electrical grid and provide a sustainability framework for future 
wind farms known as the Australian Government’s Advanced Electricity Storage Technologies 
program and the Certified Wind Farms Australia (CWFA) program respectively (Geoscience 
Australia & ABARE, 2010). The installed wind energy capacity of Australia in 2013 by state and 
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territory, from highest capacity to lowest, are: South Australia 1205 MW, Victoria 939 MW, 
Western Australia 491 MW, Tasmania 310 MW, New South Wales 282 MW, and Queensland 
12 MW (GWEC, 2013).   

 

Fig. 3. Total installed wind energy capacity of Australia in MW 
* (GWEC, 2013) 
 
2.2.3 Australian outlook for offshore wind energy 

Australia currently has no offshore windfarms proposed or installed and currently has no ambition 
to develop the technology due mostly to a wealth of suitable on shore sites and a narrow 
continental shelf (Geoscience Australia & ABARE, 2010). This is in spite of Australia being 
recognized as having a very large offshore wind energy potential in comparison to the global 
offshore wind potential, including the highest total ‘transitional depth’ (30-60 metres) offshore 
wind potential of 1229.3 GW or 11.8% of total global ‘transitional depth’ wind energy potential 
(refer to figure 4) (Arent, et al., 2012). Australia also contains a very large geographic region of 
suitable offshore sites including a large majority of the Western Coast from Shark Bay to Cape 
Leeuwin, the Great Australian Bight and the Eyre Peninsula in South Australia, Western Victoria, 
the coast of Tasmania and even several sites off the coasts of New South Wales and Queensland                                            
(Jeng, 2007; Messali & Diesendorf, 2009; Geoscience Australia & ABARE, 2010). 

In previous studies, it has been concluded that the best sites for offshore wind energy farms based 
on average wind speeds and other various criteria include: Perth (Western Australia) (Jeng, 2007), 
Geraldton (Western Australia), Woolnorth (Tasmania), Whyalla (South Australia), Adelaide 
(South Australia) and Melbourne (Victoria) (Messali & Diesendorf, 2009). Although there is 
currently no offshore wind energy in Australia it is thought that the latest Australian technological 
developments such as super-conductive wind turbines developed at The University of 
Wollongong will “enable the development of off-shore wind turbines along Australia’s coast 
within 5 years” (Parkinson, 2014). These turbines have no gear box and so require less 
maintenance, they also weigh 40% less than contemporary wind turbines containing gearboxes 
and are expected to reduce the turbine cost to $3-5 million AUD compared to the current average 
market cost of an operational turbine in the range of $15 million AUD (Parkinson, 2014).  

Floating structure bases for wind turbines are also currently being developed and could solve the 
issues of building a robust permanent structure and solve the environmental issues associated 
with siting (Sawyer, 2013). This technology will remove the hindrance of the considerable sea 
depths off the Australian coasts and allow for easier maintenance, replacement or disassembly as 
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the turbines would be able to be transported with ease and without the need for expensive oceanic 
towing vessels (Sawyer, 2013). There has been one pilot scale concept offshore wind/tidal energy 
project proposed recently with a capacity of 9 MW off Christmas Island on the coast of South 
Australia but has not yet been commissioned for development (4C Offshore, 2015a).  

 

Fig. 4. Total offshore wind energy potential at shallow and transitional depths  
* Data from (Arent, et al., 2012), neglecting ‘deep depth potential’ (60 m to 1000 m) due to the lack of feasibility for real life 
implementation 
 
2.3 Analysis of the current Victorian wind energy and renewable energy 

markets 

2.3.1 Victorian outlook for renewable energy  

Victoria consumed 1413 Petajoules (PJ) of energy between the periods of 2012 to 2013 and was 
the second highest consumer of energy by state or territory in Australia (BREE , 2014). Victoria 
was responsible for 24% of the total Australian energy consumption over the same period and 
this amount is a 3.2% decrease on the previous year’s energy consumption (BREE , 2014). 
Victoria’s total energy generation from renewable energy was 3825 GWh throughout 2012 to 
2013, which provided approximately 7.7% of Victoria’s energy demand (Clean Energy Council 
, 2012). Victoria’s current renewable energy production composition, as seen in table 2, is 
predominately composed of hydro energy; solar and wind energy provide the majority of the 
remaining renewable energy mix with a small percentage generated from bioenergy (Clean 
Energy Council , 2012). The fastest growing technology in Victoria is wind power with 394 GWh 
added in 2012 followed by solar then hydro and biomass energy. Victoria has the third highest 
installed renewable energy capacity in Australia after New South Wales and Tasmania (Clean 
Energy Council , 2012). Victoria is still very reliant on conventional fossil based sources of 
energy generation, including lignite/brown coal, of which is one of the most environmentally 
harmful known forms of energy generation (Department Of Economic Development, Jobs, 
Transport And Resources, 2015). Not only does Victoria produce a large portion of their energy 
through this means, it also promotes large scale investment into resource extraction of some of 
its estimated 528 billion tonnes of brown coal in Victoria and the Latrobe Valley. This sort of 
economic activity will ensure that Victoria remains reliant on fossil fuel energy production and 
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export, and also increases the importance and necessity for renewable alternatives in energy 
generation (Department Of Economic Development, Jobs, Transport And Resources, 2015).  

 

Fuel Type 2000 2005 2009 2010 2011 2012 

 (MW) (MW) (MW) (MW) (MW) (MW) 

Bioenergy 81 86 121 124 128 129 
Hydro 587 655 802 802 802 803 
Solar 0.40 2.2 20.1 75.1 270 417 
Wind 0.09 104 428 428 432 519 
Total 668 847 1372 1429 1633 1869 

Table 2. Renewable energy generation capacity for Victoria  
* (Clean Energy Council , 2012) 
 
2.3.2 Victorian outlook for wind energy 

As of September, 2014 Victoria had 13 operating wind farms with a capacity of 1,080 MW, 13 
approved wind farms with a capacity of 1,486 MW and 6 approved projects awaiting construction 
with a capacity of 890MW (Department of Economic Development, Jobs, Transport and 
Resources, Victoria, Australia, 2014; DSBDI, 2014). The Macarthur Wind Farm is the largest 
wind farm in Victoria and the largest of the entire Southern hemisphere with a total power 
capacity of 420 MW’s, enough to power 220,000 average Victorian homes (DSBDI, 2014). The 
future for onshore wind energy in Victoria looks promising as Victoria has abundant and wide 
spread wind resources on shore and also recently introduced policy that allows current wind 
energy farms permission to upgrade to the best available technology in order to increase capacity, 
size and energy output (although the amount of turbines cannot be increased according to this 
amendment) (DSBDI, 2014).  According to the Victorian Wind Atlas, the average wind speed 
across the majority of Victoria is 6.5 metres/second (m/s) which increases to values greater than 
7 m/s in coastal, central, alpine regions and offshore in the ‘Bass Strait’ towards Tasmania 
(elevation is not specified) (Department of the Environment, Water, Heritage and the Arts, 2008; 
Geoscience Australia & ABARE, 2010) 

 

Fig. 5. Total installed wind turbines and total installed wind energy capacity (in MW) for Victoria  
* (Department of Economic Development, Jobs, Transport and Resources, Victoria, Australia, 2014; DSBDI, 2014).  
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2.3.3 Victorian outlook for offshore wind energy 

Victoria has abundant offshore wind resources that average anywhere up to 7.5 m/s (at a 17 m 
elevation), it also contains a large inhabited coastal populous requiring electricity. Furthermore 
the coastal region is situated between 1 to 2 degrees from the latitudes 40º to 60º which are known 
to have strong wind distributions (Harries, et al., 2006; Boelen, et al., 2010; Geoscience Australia 
& ABARE, 2010). One particular investigation by Boelen, Bishop & Pettit (2010) conducted in 
order to find appropriate offshore renewable energy sites off Victoria’s coast found several 
suitable locations that adhere to certain advantageous criteria including: an 8 km minimum 
distance to shore, ideal bathymetry characteristics, considerable wind speeds and abundant wind 
availability, avoidance of commercial ship routes and avoidance of marine national parks and 
known habitats of endangered animals (Boelen, et al., 2010). Presently there are no plans to utilize 
offshore wind energy due to the availability and reduced cost of onshore wind energy although 
this may change if there was governmental subsidization of the technology, further technological 
improvements such as the new generation super conductive offshore wind turbines or operational 
floating foundations for turbines (Boelen, et al., 2010; Sawyer, 2013; Parkinson, 2014) The 
Victorian and New South Wales governments are now limiting the areas where onshore wind 
energy farms can be constructed and this might make the vast onshore access to high wind speeds 
inconsequential (Diesendorf, 2011). If the Victorian Government or wind energy project planners 
do decide to eventually utilize offshore wind energy production technology they will be utilizing 
the best wind energy resources the Victorian region has to offer and one of the best for the entire 
coast of Australia’s according to available literature (Messali & Diesendorf, 2009; Geoscience 
Australia & ABARE, 2010; Hallgren, et al., 2014).  

2.4 Previous literature and selection of suitable Victorian locations for 

offshore wind energy  
Messali & Diesendorf (2009) conclude that the best locations in Victoria for offshore wind energy 
by most suitable location) are the two locations situated in Port Phillip Bay, as can be seen in 
figure 6, one more central and one closer to Melbourne city on land. The more Northern location 
(37º57’S, 144º53’E) has an approximate annual mean wind speed of 7 m/s, a depth of 7 metres 
and an 8 km distance to the coast. The more Southern location (38º1’S, 144º51’E) has an 
approximate annual mean wind speed of 7.2 m/s, a depth of 12 metres and an 11 km distance to 
the coast (elevations not specified). When selecting the most suitable locations in this study the 
criteria analyzed was annual mean wind speeds, water depth, distance to shore existing 
transmission lines and other various criteria (Department of the Environment, Water, Heritage 
and the Arts, 2008; Messali & Diesendorf, 2009) 
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Fig. 6.  Suitable geographical areas for offshore wind energy off the coast of Victoria according to various academic literature  
*the map was generated using an edited segment from the Department of Natural Resources & Mines, Queensland, high 
resolution map of Australia available via the CSIRO website (CSIRO, 2011).  
 
Boelen, Bishop & Petit (2010) conclude that the best locations in Victoria for offshore wind 
energy and offshore tidal energy, by most suitable location is central, Northern and Eastern areas 
of the Port Phillip Bay and various coastal regions along the 90 Mile Bay coastline as shown in 
figure 6. The criteria used to find suitable locations (by todays technological capabilities) include 
water depth, wind speed, wave power, avoidance of marine national parks, avoidance of known 
endangered species habitats and even noise and atheistic considerations (Boelen, et al., 2010). 
Although this study concludes that the visual effects would be minimal due to the 8 km distance 
from the coast they conclude that it could become an issue if the quantity of turbines exceeded 
100 (Boelen, et al., 2010).  

 
Fig. 7. Average wind speed data for Australia 
* (Department of the Environment, Water, Heritage and the Arts, 2008) 
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Although the 90 Mile Bay location contains numerous desirable considerations according to one 
investigation for offshore wind energy potential, the area’s average annual wind speed is only 4.3 
m/s which is considerably lower than the Port Phillip Bay area and other deeper regions around 
the Victorian coast line (Messali & Diesendorf, 2009; Boelen, et al., 2010). However the 
renewable energy Atlas of Australia estimates the average wind speed of this location to by 
several units higher, this may be due to varying elevations, which are not specified in either study 
(Department of the Environment, Water, Heritage and the Arts, 2008). Taking into account the 
technological potential of offshore wind energy today, the Port Phillip Bay area is most suitable, 
especially in consideration of average wind speeds. As technology advances and the operation, 
installment and disassembly of deep sea wind turbines becomes feasible, several new suitable 
locations around the Victorian coast could be utilized.  

 

2.5 Cost of offshore wind energy 

 

Fig. 8. Levelized cost of various utility scale renewable energy technologies  
* (Doty, et al., 2013) 
 
As it can be seen from figure 8, offshore wind energy is one of the most expensive forms of 
renewable energy generation and especially when compared to conventional onshore wind 
energy. The current trend for offshore wind energy is to create higher capacity wind turbines and 
to mount them increasingly further offshore where the wind speeds are usually higher and more 
consistent and where noise and aesthetic issues are minimized (Boelen, et al., 2010). There are a 
number of expected improvements and technological advancements that are forecasted to reduce 
the cost of offshore wind energy over time. Some of these include an increase in market 
competitiveness and with growing offshore siting experience it is expected that common 
construction delays will eventually become less common and thus reduce project development 
time (RBSC, 2013). It is expected that larger wind turbines will eventually lower the total capital 
expenditure and increase capacity factors. Advancements in turbine foundations such as the 
monopole and jacket concepts will allow for turbine placement further offshore and it is expected 
that new specifically designed vessels for offshore wind installations will reduce installation time 
and costs (RBSC, 2013)    
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3 Methods 

3.1 Method introduction 

In order to thoroughly investigate the potential for offshore wind technology in great detail and 
with a broad spectrum of considerations being taken into account, the study will be conducted by 
analyzing both qualitative and quantitative data. To ensure scientific viability a qualitative study 
will be undertaken to consider the offshore wind potential with social, political, environmental 
and economic considerations. This data will then be compared with quantitative data that will be 
used to demonstrate a hypothetical real life model of a potential offshore wind farm in Victoria, 
Australia. The quantitative data that will result from the simulation will provide variable 
quantities that can be compared with other existing real life data and discussed and scrutinized. 
By analyzing the current situation in Victoria in relation to important considerations for offshore 
wind technology implementation and predicting the potential output from a simulated windfarm 
using real data weather data from Victoria, the outcome will be both a practical and a theoretical 
analysis of the current potential. The results from the qualitative and quantitative investigations 
will be formed separately then analyzed and discussed simultaneously to increase the 
comprehensiveness and scope of the analysis.  

3.2 Qualitative analysis method 
The qualitative analysis of the offshore wind energy potential for the state of Victoria will begin 
with a comprehensive investigation into the current and future state of the renewable energy 
industry, wind energy industry and offshore wind energy industry in the state of Victoria, the 
nation of Australia and globally. The analysis will then take into account social, environmental, 
economic and political factors that affect or can affect the potential implementation of offshore 
wind energy technology in Victoria, Australia. This analysis will aim to provide an insight into 
the theoretical likelihood that the technology will be implemented regardless of the outcome of 
the quantitative analysis. That is, the qualitative data seeks to give a ‘realistic’ perspective on the 
concept of offshore wind energy technology which is affected by several industries, policies, and 
stake holders. This analysis will provide either positive or negative reinforcement towards the 
question of Victoria’s offshore wind energy potential and allow for a thorough discussion of why 
the quantitative analysis is feasible or not feasible despite its outcome.  

The qualitative analysis and literature review will allow for an interpretation of the general 
consensus on the topic of offshore wind energy implementation in Victoria and Australia and will 
allow for an in depth analysis of the results of other similar studies (Onwuegbuzie, et al., 2012). 
Reviewing available literature will also serve the purpose of interpreting a selection of published 
documents on the topic of offshore wind energy technology and allow for summarization, 
analysis, evaluation and synthesis of the literature (Onwuegbuzie, et al., 2012). The qualitative 
methods of study that will be included will be observations, document studies and review of 
public records (statistical reports, journal articles, newspaper archives). This mode of study is 
grounded in the setting in which it occurs and useful for determining value, political climate and 
public attitudes but can also be difficult, inaccurate and time consuming (NSF, 1997). This study 
does not require interviews for the investigation of the social scientific indicators for the potential 
of implementing offshore wind technology as literature is readily available from experts and 
political figures on their plans, obligations and strategies involving renewable energy and energy 
futures in general.  
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3.3 Quantitative analysis method 
The quantitative portion of the thesis research will involve creating a simulated model of a wind 
turbine or several wind turbines (depending on various factors such as simulation times and 
general time constraints) and experimentation of its performance, output and efficiency in 
Victorian weather and wind conditions. The outcome will be an experimental and hypothetical 
analysis of how well an offshore wind farm would have performed if it had been operational in a 
Victorian coastal location using actual past meteorological data. This data will then be used to 
make comparisons to other forms of conventional and renewable energies. The key variables that 
will be calculated and utilized for comparison will be turbine output in kilowatt hours (kWh) and 
the levelized cost of electricity in units of currency/kWh. The output data from the simulation 
will be as comprehensive as time permits.  

3.3.1 Wind data for simulation 

The real life meteorological data will be acquired from the Australian Bureau of Meteorology 
and will contain average wind data such as wind speed, wind direction and maximum gusts along 
with any other appropriate variables. The location of the weather station from which the wind 
data shall be acquired will be calculated based on an analysis of appropriate potential locations 
off the Victorian coast for offshore wind farms. The meteorological data will contain wind data 
from at least 5 years in order to improve the accuracy of the calculations. Although this volume 
of data may make the analysis process more time consuming it will ultimately increase the 
confidence in the final results.  

3.3.2 Mathematical method for calculating potential and theoretical power from various 

turbines 

The potential output from a specific make of turbine will be calculated based on linear regression 
and various equations that will be numerically or visually derived from ‘power curves’ which are 
readily available from turbine manufacturers. The wind data from the specific location will be 
run through the various equations to see what the actual output would have been if the turbine 
had been at that location for the years in which the data was recorded. The simulation output data 
will then be compared with theoretical mathematical models of each turbine in order to calculate 
variables such as power capacity and overall efficiency.  

The maximum theoretical kinetic energy available in a wind spectra will be calculated using 
equation 1: 

 (1) 𝐸 =
1

2
𝜌𝑉2  

Where V is velocity of the air stream and 𝜌 is the density of air calculated using equation 2: 

 (2)  𝜌 =  
353.049

𝑇
𝑒−0.034

𝑍

𝑇  

Where T is temperature at the site and Z is elevation of the turbine. (Pressure is ignored or 
assumed ideal due to lack of pressure data). Power will then be calculated using equation 3: 

 (3) 𝑃 =
1

2
𝜌 At V³   

Where At is the cross sectional area equal to that of the rotor, this equation can be modified to 
include, and solve for the turbine power co-efficient as shown in equation 4 and equation 5: 
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    (4)            𝑃 =
1

2
 𝜌 𝐴𝑡 𝑉3𝐶𝑝  

(5)          𝐶𝑝 =
2𝑃𝑡

𝜌 At V³
 

Where Pt is the actual turbine power found through experimentation and simulation, Cp can be 
no greater than the theoretical maximum limit of wind power known as the Betz limit which is 
equal to 16/27 or 59.3% (Sathyajith, 2006).  

3.3.3 Mathematical method for wind resource analysis 

The wind data from the chosen site will be collected and analyzed in order to calculate averages, 
trends, minimums and maximums. As the turbine will be at different elevations the data will be 
increased or decreased accordingly by a factor calculated using equation 6: 

 (6)  𝑈 = 𝑈𝑟 (
𝑍

𝑍𝑟
)

𝛼
 

Where U is the wind speed at Z (m), Ur is the known wind speed at Zr metres and α is dependent 
on the stability of the atmosphere which is assumed to be stable and uniform at the neutral 
stability value approximately equal to 1/7. The thrust force is estimated using equation 7: 

(7) 𝐹 =
1

2
 𝜌 𝐴𝑡 𝑉2 

And the torque is calculated using equation 8: 

(8) 𝑇 =
1

2
 𝜌 𝐴𝑡 𝑉2𝑅 

Maximum power available at each wind speed is calculated using equation 3 and does not take 
the Betz limit into account. Equations 1-5 and 7-9 are provided by Sathyajith (2006). 

3.3.4 Method of simulation  

The simulation involved correlating the prescribed power curve, readily available in brochures 
and specification guides, of each unique turbine into a series of equations to represent the curve. 
Once the various curves were mathematically correlated the various hourly wind velocities were 
utilized to solve for average hourly power production for that hour. The equations considered 
such things as variable gradients, cut in wind speeds, cut out wind speeds (not re cut-in wind 
speeds) and rated power limits amongst other variables. This process was repeated for all 45,178 
average hourly wind velocities over the approximately 5.2 years of available data. The cumulative 
power and wind data was analyzed and utilized to simultaneously solve the equations 1-8 and 
collect a unique mechanical analysis of the turbines power production and the quality and kinetic 
energy potential in the wind at the various turbine elevations. Due to the volume of data the 
simulation had to remain fairly basic and assumed mostly ideal conditions for turbine power 
production and neglected such things as load and drag analyses or sophisticated yaw and pitch 
control. The volume of data did however allow for a detailed analysis of the available data over 
several years. The simulation was designed to collect as much power production data as possible 
for a large time frame as opposed to optimization through short time period iterations as is 
common with sophisticated simulations. A more sophisticated simulation was also not required 
due to the readily available specification and power production capability information for every 
turbine tested.  

3.3.5 Mathematical method for economic analysis  

Net present value was calculated using equation 9: 
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 (9) 𝑁𝑃𝑉 = ∑
𝐶𝑛

(1+𝑟)𝑛
𝑁
𝑛=0  

Using the outcome of the NPV calculations, the variables determined included: the benefit to cost 
ratio, payback period, Levelized Cost of Electricity (LCOE), salvage value and internal rate of 
return. The electricity cost was estimated based on the most recent Victorian electricity sale price 
values available on the Australian Energy Market Operator website (AEMO, 2015). All economic 
values have been converted into 2014 USD by using various exchange rates and inflation factors 
(which can be viewed in appendix A3). The investment costs for the offshore wind farm per MW 
of installed turbine capacity was estimated using common and average values provided in IRENA 
Technologies Cost Analysis, Renewables Global Energy Report 2014, DBCCA offshore wind 
energy financial analysis and Renewable UK offshore wind financial analysis (more information 
can be found in appendix A1) (DBCCA, 2011; Renewable UK, 2011; IRENA, 2012; REN21, 
2014). 

The discount rate was estimated using real discount rate (after-tax) estimations as provided in 
NREL Cost of wind energy review and taken as 8% with an estimated 2.3% inflation rate (Tegan, 
et al., 2010). The project life is taken as 25 years which is a common expected duration of 
operation for newly commissioned wind farm projects. The annual sale value of REC’s per MWh 
in Victoria, Australia was provided by the Australian Government Clean Energy Regulator and 
converted into 2014 USD’s (Clean Energy Regulator, 2014a). The salvage value was calculated 
using a 10% depreciation factor and the annual operation and maintenance costs were assumed 
to be 2% of the initial capital investment cost. All values are assumed to be uniform throughout 
the commissioned operation life of the hypothetical wind farm although in reality they would be 
subject to market fluctuations and other economic considerations.  

 3.4 Method of analysis and discussion 
Once the output data from the simulation is available it will be statistically analyzed. This analysis 
will allow for comparisons and predictions to be made on the Victorian offshore wind farm 
potential compared to other technologies and other wind farms. After a thorough analysis, the 
data will be discussed in combination with a theoretical analysis of its implementation including 
all findings from the qualitative research and investigation. The overall viability and 
sustainability of offshore wind technology in Victoria will then be calculated. The shortcomings 
and viability of the findings will be analyzed and listed where necessary. Any assumptions in 
results, calculations, discussions or conclusions made throughout the report will be clearly stated 
alongside any potential effects that may have on the outcomes of the research. The effectiveness 
and validity of the qualitative and quantitative analysis will also be analyzed and discussed.  

3.5 Key outcomes from the thesis 
 Investigating the demand for energy and renewable energy alternatives in the state of 

Victoria, the country of Australia and on a global scale and to analyze the growth and 
demand for wind energy technologies on a global, national and state level. 

 Discovering the potential the state of Victoria has to implement offshore wind energy 
technology and how successful, sustainable and appropriate its implementation would be 
socially, economically and environmentally.  

 Identifying existing, and predicting future advantages and disadvantages to implementing 
offshore wind energy technologies in Victoria and comparing its potential usage to 
existing onshore wind technology in Australia and existing offshore wind energy 
technology abroad.  
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 Considering what changes or alterations to existing technologies, policies, and economic 
factors could allow for a more efficient and effective implementation of offshore wind 
energy technology if it is not currently ideal to utilize. 
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 Results 

4.1 Summary of results, power production, profitability and mechanical specifications for each turbine tested 

Turbines Capacity 
Capital 

Investment 

Annual 

energy 

production 

NPV 

after 25 

years 

Annual 

REC 

value 

LCOE 

Salvage 

value 

after 25 

years 

Payback 

period 

Benefit: 

cost 

ratio 

Internal 

rate of 

return 

Highest 

found 

Capacity 

Rotor 

radius 

Hub 

height 

Swept 

area 

 

% time 

at max 

rated 

power 
 

Average 

Victorian 

homes 

powered 

 MW 
$million 

2014 USD 
GWh 

$million 

2014 

USD 

$million 

2014 

USD 

$ 2014 

USD/ 

kWh 

$million 

2014 

USD 

years ratio % CP m m m² % 

1 house = 

6.167 MW 

annually 

30 X Windtec 

Sea Titan 

10MW 

300 1,473.78 1,463.01 -79.91 48.11 0.61 11.76 28.40 0.96 5.13% 0.566 95.0 125 28,353 24.7% 221,225 

30 X Vestas 

V164-8.0 MW 
240 1,179.01 1,048.68 -212.17 34.49 0.72 9.40 44.35 0.86 3.75% 0.499 82.0 105 21,124 14.3% 158,483 

30 X Senvion 

6.2M152 
186 913.74 824.91 -149.59 27.13 0.71 7.29 40.95 0.87 3.93% 0.466 74.4 100 18,146 22.4% 124,666 

30 X Aerodyn 

aM 5.0-139 
150 736.89 703.12 -74.53 23.12 0.65 5.88 32.42 0.92 4.63% 0.592 69.5 100 15,175 22.3% 106,260 

30 X Vestas 

V112 3.3 MW 
99 486.35 435.87 -85.51 14.33 0.71 3.88 42.53 0.86 3.84% 0.593 56.0 84 9,852 12.8% 65,872 

30 X Vestas 

V112 3.0 MW 
90 442.13 428.79 -36.29 14.10 0.60 3.53 30.63 0.94 4.83% 0.513 56.0 94 9,852 20.0% 64,802 

30 X Goldwind 

GW 121/2500 
75 368.44 398.79 20.26 13.11 0.54 2.94 22.38 1.04 6.26% 0.470 60.5 100 11,595 30.4% 55,681 

30 X Nordex 

N90-2300 
69 338.97 296.62 -66.93 9.75 0.74 2.70 49.14 0.84 3.55% 0.449 45.0 105 6,362 14.3% 44,827 

30 X Siemens 

SWT-2.3 93 
69 338.97 290.98 -73.80 9.57 0.76 2.70 57.45 0.83 3.31% 0.449 50.5 100 8,012 14.3% 43,975 

30 X Shanghai 

Electric 

W2000/105 

60 294.76 314.84 11.10 10.35 0.55 2.35 23.14 1.03 6.09% 0.519 52.5 105 8,659 26.8% 44,546 

30 X China 

Energine CE 

2MW 

60 294.76 267.32 -46.77 8.79 0.70 2.35 40.04 0.87 3.99% 0.537 46.5 75 6,792 17.8% 40,399 

 
Table 3. Summary of results for all turbines tested
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The wind data was officially purchased from the 
Australian Governments’ Bureau of Meteorology. The 
wind data set is comprised of hourly averaged wind 
speed data for the Fawkner Beacon weather station 
location in the Port Phillip Bay for the dates of January 
1st 2010 till February 26th 2015. The Fawkner Beacon 
weather station (ID: 086376) is 17 m in height and 
situated at a latitude of -37.91 and a longitude of 144.93. 
The particular weather station is located exactly 13.78 
km from the more Southern proposed wind farm location 
in the Port Phillip Bay by Messali and Diesendorf 
(Messali & Diesendorf, 2009) and also extremely close 
to an ‘acceptable’ location using Boelen, Bishop and 
Petit’s study as a point of reference (Boelen, et al., 
2010). As can be seen from figure 9, there are just 3 
weather stations in the Port Phillip Bay area comprised 
of 1930 km2 of total surface area and thus can therefore 
be considered relatively close to a location of interest  

 

Fig. 9. Locations of the weather observation stations in 
the Melbourne area  
* (Bureau of Meteorology, 2015) 
 

Table 4. Summary of wind resource analyses at various locations 

 

4.2 Site selection for wind data: Fawkner Beacon Weather Station, Port 

Phillip Bay  
  

 

 

 

 

   

 

 

   

  

  
under the circumstances.  A potential wind farm in the vicinity will be assumed to be subject to the same 
wind speeds although they would differ in reality from point to point. Due to the weather stations locations 
and scarcity in the Port Phillip Bay vicinity, the wind speed data will be as close as experimentally possible 
to real life conditions within and near the selected area. Wind velocities at various increasing elevations 
will be calculated and approximated based on various mathematical equations and are outlined in table 4. 
 

4.3 Summary of the wind resource analysis at various elevations  

Turbine 

Elevation 
Correction 

factor 

Average 

5 year 

wind 

speed 

Average power 

available to 

turbine 

Average 

thrust force 

for swept 

area 

Average 

torque for 

rotor radius 

m  m/s MW 
% (rated 

power) 
kN MJ 

BASE HEIGHT 17 1 6.73  
Windtec Sea Titan 10 

MW 
125 1.33 8.94 12.8 128% 1,348 128 

Vestas V164-8.9 MW 105 1.30 8.72 8.38 105% 957.9 78.5 
Nordex N90/2300 105 1.30 8.72 2.52 110% 288.5 13.0 
Shanghai Electric 

W2000-105 
105 1.30 8.72 2.03 102% 392.6 20.6 

Senvion 6.2M152 100 1.29 8.66 7.05 114% 811.9 60.4 
Aerodyn aM 5.0-139 100 1.29 8.66 5.90 118% 679.0 47.2 

Goldwind 

GW121/2500 
100 1.29 8.66 4.51 180% 518.8 31.4 

Siemens SE 2.3 93 100 1.29 8.66 3.11 135% 358.5 16.7 
Vestas V112-3.0MW 94 1.28 8.59 3.73 124% 433.4 24.3 
Vestas V112-3.3MW 84 1.26 8.45 3.56 108% 420.2 24.5 
China Energine CE 

2MW 
75 1.24 8.32 2.34 117% 280.7 13.1 
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This turbine produced on average 
34.96 GWh of energy annually which 
equates to the average annual 
electricity consumption of 
approximately 5,284 average 
Victorian homes (Australian Energy 
Regulator, 2015). This turbine has a 
large power production but only 
operates 14.3% of the time on average 
at its maximum rated power and hence 
is not gaining the most efficiency from 
its power potential.   

 

4.4 Potential Windtec Sea Titan 10MW windfarm 

4.4.1 Key variables for the Windtec Sea Titan 10MW turbine 

Variable Elevation Temp. 
Air 

density 

Swept 

area 

Rotor 

radius 

IEC 

class 

Rated 

power 

Cut in 

speed 

Cut out 

speed 

Rated 

speed 

Unit m K kg/m3 m² m  kW m/s m/s m/s 

Value 125 298.15 1.187 28,353 95 S 10,000 4 30 11.5 
Table 5: Key variables for the Windtec Sea Titan 10 MW turbine (AMSC, 2012) 

 

 

 

 

4.4.2 Windtec Sea Titan 10MW power performance  

 

Fig. 10. Power production and performance of a Windtec Sea Titan 10MW turbine 
* (AMSC, 2012) 
 

4.4.3 Economic analysis of a potential Windtec Sea Titan 10MW wind farm 

Turbines Capacity 
Capital 

Investment 

Annual 

electricity 

production 

Net Present 

Value for 25 

years 

Salvage value 

after 25 years 

Annual value 

of REC's 

 MW 
$millions 

2014 USD 
GWh 

$millions 

2014 USD 

$millions 

2014 USD 

$millions 

2014 USD 

30 240 1179.02 1048.68 -212.17 9.40 34.49 
20 160 786.01 699.12 -141.45 6.27 22.99 
15 120 589.51 524.34 -106.08 4.70 17.24 
10 80 393.01 349.56 -70.72 3.13 11.50 
5 40 196.50 174.78 -35.36 1.57 5.75 
1 8 39.30 34.96 -7.07 0.31 1.15 

 
Table 6. Economic analysis of a Windtec Sea Titan 10MW wind farm 

It can be seen from table 6 that this wind farm has the potential to produce a large amount of electricity to 
provide to the Victorian energy grid but requires an equally substantial initial capital investment. 
Therefore without some form of economic subsidy a potential wind farm of any size will lose more money 
than it can produce from electricity sales or REC’s. This turbine requires fairly large subsidization in order 
to be deemed economical viable and hence it will be more economical to subsidize more efficient 
technology for the particular location, in the case that subsidization was an investment alternative.   
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The Windtec Sea Titan 10MW turbine has a hub height of 125 m, the temperature is assumed to remain 
constant at 25 degrees Celsius. This turbine is designed with 3 turbine rotors each with a length of 95 m. 
This turbine is class S and therefore is specified by the manufacturer. This turbine has an extremely large 
hub height to support its equally sizable rotor blades. This turbine has the largest swept area of all the 
turbines tested and the equal highest cut out speed. This turbine has the highest rated power of all the 
turbines and also the highest installation costs. The rated speed of the turbine is exceptionally low 
considering its overall size and rated power production.  
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4.5 Potential Vestas V164-8.0MW wind farm 

4.5.1 Key variables for the Vestas V164-8.0MW turbine 

Variable Elevation Temp. 
Air 

density 

Swept 

area 

Rotor 

radius 

IEC 

class 

Rated 

power 

Cut in 

speed 

Cut out 

speed 

Rated 

speed 

Unit m K kg/m3 m² m  kW m/s m/s m/s 

Value 105 298.15 1.190 21,124 82 S 8,000 4 25 13 
Table 7. Key variables for the Vestas V164-8.0 MW turbine (Vestas , 2013) 

 

 

 

 
4.5.2 Power production and performance of a Vestas V164-8.0MW turbine      

 

 

 

 

 

 

 

Fig. 11. Power production and performance of a Vestas V164-8.0MW turbine      
* (Vestas , 2013) 

 

4.5.3 Economic analysis of a potential Vestas V164-8.0MW wind farm 

Turbines Capacity 
Capital 

Investment 

Annual 

electricity 

production 

Net Present 

Value for 25 

years 

Salvage value 

after 25 years 

Annual value 

of REC's 

 MW 
$millions 

2014 USD 
GWh 

$millions 

2014 USD 

$millions 

2014 USD 

$millions 

2014 USD 

30 300 1473.78 1463.01 -79.91 11.76 48.11 
20 200 982.52 975.34 -53.27 7.84 32.07 
15 150 736.89 731.50 -39.96 5.88 24.06 
10 100 491.26 487.67 -26.64 3.92 16.04 
5 50 245.63 243.83 -13.32 1.96 8.02 
1 10 49.13 48.77 -2.66 0.39 1.60 

Table 8. Economic analysis of a Vestas V164-8.0MW wind farm 
 
It can be seen from table 8 that this wind farm has the potential to produce a large amount of electricity to 
provide to the Victorian energy grid but requires an equally substantial initial capital investment. 
Therefore without some form of economic subsidy a potential wind farm of any size will lose more money 
than it can produce from electricity sales or REC’s. This turbine requires a fairly minimal level of 
economic subsidization in relation to how much energy it can produce and thus if the price of energy 
increased the net present value of the project could increase exponentially.  

 

The Vestas V164-8.0MW turbine has a hub height of 105 m, the temperature is assumed to remain 
constant at 25 degrees Celsius. This turbine is designed with 3 turbine rotors each with a length of 82 m. 
This turbine is class S and therefore is specified by the manufacturer. This turbine has a large hub and 
very large rotor blades and swept area. The rated power is relatively large and its rated speed is acceptable 
but may not be reached often on average when considering the average wind velocities at the specific Port 
Phillip Bay location. 

This turbine produced on average 
48.77 GWh of energy annually which 
equates to the average annual 
electricity consumption of 
approximately 7,370 average 
Victorian homes (Australian Energy 
Regulator, 2015). This turbine has 
exceptional performance, power 
production and percent of time at its 
maximum rated power.  
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4.6 Potential Senvion 6.2M152 wind farm 

4.6.1 Key variables for the Senvion 6.2M152 turbine 

Variable Elevation Temp. 
Air 

density 

Swept 

area 

Rotor 

radius 

IEC 

class 

Rated 

power 

Cut in 

speed 

Cut out 

speed 

Rated 

speed 

Unit m K kg/m3 m² m  kW m/s m/s m/s 

Value 100 298.15 1.191 18,146 74.4 S 6,200 3.5 30 11.5 
Table 9. This table shows the key variables for the Senvion 6.2M152 turbine (Senvion, 2014) 

 

 

 

4.6.2 Power production and performance of a Senvion 6.2M152 turbine      

 

Fig. 12. Power production and performance of a Senvion 6.2M152 turbine   
* (Senvion, 2014) 
 

4.6.3 Economic analysis of a potential Senvion 6.2M152 wind farm 

Turbines Capacity 
Capital 

Investment 

Annual 

electricity 

production 

Net Present 

Value for 25 

years 

Salvage value 

after 25 years 

Annual value 

of REC's 

 MW 
$millions 

2014 USD 
GWh 

$millions 

2014 USD 

$millions 

2014 USD 

$millions 

2014 USD 

30 186 913.74 824.91 -149.59 7.29 27.13 
20 124 609.16 549.94 -99.73 4.86 18.09 
15 93 456.87 412.45 -74.80 3.64 13.56 
10 62 304.58 274.97 -49.86 2.43 9.04 
5 31 152.29 137.48 -24.93 1.21 4.52 
1 6.2 30.46 27.50 -4.99 0.24 0.90 

Table 10. Economic analysis of a Senvion 6.2M152 wind farm 
 
It can be seen from table 10 that this wind farm has the potential to produce a large amount of electricity 
to provide to the Victorian energy grid but requires an even larger initial capital investment. Therefore 
without some form of economic subsidy a potential wind farm of any size will lose more money than it 
can produce from electricity sales or REC’s. Although this turbine has some advantageous specifications 
it fails to capitalize on them economically in the Port Phillip Bay location and the corresponding average 
wind velocities.   
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The Senvion 6.2M152 turbine has a hub height of 100 m, the temperature is assumed to remain constant 
at 25 degrees Celsius. This turbine is designed with 3 turbine rotors each with a length of 74.4 m. This 
turbine is class S and therefore is specified by the manufacturer. This turbine has an impressive rotor 
radius and swept area for its rated power. One of the main advantages of this turbine is its low rated wind 
speed in consideration of its rated power and its cut out speed which is equal highest of all the turbines 
tested. 

This turbine produced on average 
27.50 GWh of energy annually 
which equates to the average annual 
electricity consumption of 
approximately 4,156 average 
Victorian homes (Australian Energy 
Regulator, 2015). Although this 
turbine has an advantageous rated 
wind speed it fails to reach this 
maximum for more than 22.4% of the 
time due to the lower average wind 
velocities at the 100 m elevation. 

 



22 
 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0

5

10

15

20

25

30

2010 2011 2012 2013 2014 2015

P
o

w
er

 (
G

W
h

)

Power produced
(GWh)

% Power
produced/max
theoretical power

% Time at rated
power

4.7 Potential Aerodyn aM 5.0-139 wind farm 

4.7.1 Key variables for the Aerodyn aM 5.0-139 turbine 

Variable Elevation Temp. 
Air 

density 

Swept 

area 

Rotor 

radius 

IEC 

class 

Rated 

power 

Cut in 

speed 

Cut out 

speed 

Rated 

speed 

Unit m K kg/m3 m² m  kW m/s m/s m/s 

Value 100 298.15 1.191 15,175 69.5 S 5,000 4 25 11.8 
Table 11. Key variables for the Aerodyn aM 5.0-139 turbine (Aerodyn, 2012) 

 

 

 
 

4.7.2 Power production and performance of an Aerodyn aM 5.0-139 turbine      

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 13. Power production and performance of an Aerodyn aM 5.0-139 
* (Aerodyn, 2012) 
 
 

4.7.3 Economic analysis of an Aerodyn aM 5.0-139 wind farm 

Turbines Capacity 
Capital 

Investment 

Annual 

electricity 

production 

Net Present 

Value for 25 

years 

Salvage value 

after 25 years 

Annual value 

of REC's 

 MW 
$millions 

2014 USD 
GWh 

$millions 

2014 USD 

$millions 

2014 USD 

$millions 

2014 USD 

30 150 736.89 703.12 -74.53 5.88 23.12 
20 100 491.26 468.74 -49.68 3.92 15.41 
15 75 368.44 351.56 -37.26 2.94 11.56 
10 50 245.63 234.37 -24.84 1.96 7.71 
5 25 122.81 117.19 -12.42 0.98 3.85 
1 5 24.56 23.44 -2.48 0.20 0.77 

Table 12. Economic analysis of an Aerodyn aM 5.0-139 wind farm 

 
It can be seen from table 12 that this wind farm has the potential to produce a large amount of electricity 
to provide to the Victorian energy grid but requires equally large initial capital investment. Therefore 
without some form of economic subsidy a potential wind farm of any size will lose more money than it 
can produce from electricity sales or REC’s. Although the turbine can produce ample amounts of 
electricity for its size, it fails to capitalize on this and thus may become more economically viable if the 
energy sale price were to increase, although relying on a fluctuating energy sale price for profitability 
contains a great factor of risk and uncertainty.  

The Aerodyn aM 5.0-139 turbine has a hub height of 100 m, the temperature is assumed to remain constant 
at 25 degrees Celsius. This turbine is designed with 3 turbine rotors each with a length of 69.5 m. This 
turbine is class S and therefore is specified by the manufacturer. This turbine has a large swept area in 
relation to its rated power and a standard hub elevation. The cut in speed of this turbine is higher than the 
common 3 m/s value and thus produces less energy at lower speeds. The rated wind speed is relatively 
low and this could somewhat counteract the loss of energy production at lower wind velocities.  

This turbine produced on average 
23.44 GWh of energy annually which 
equates to the average annual 
electricity consumption of 
approximately 3,543 average 
Victorian homes (Australian Energy 
Regulator, 2015). This turbine has a 
standard power production for its 
rating and produces more than 50% of 
the maximum theoretical power it can 
but does not spend an exceptionally 
large quantity of time producing 
power at its rated capacity.  
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4.8 Potential Vestas V112-3.3MW windfarm 

4.8.1 Key variables for the Vestas V112-3.3 MW turbine 

Variable Elevation Temp. 
Air 

density 

Swept 

area 

Rotor 

radius 

IEC 

class 

Rated 

power 

Cut in 

speed 

Cut out 

speed 

Rated 

speed 

Unit m K kg/m3 m² m  kW m/s m/s m/s 

Value 84 298.15 1.193 9,852 56 IIA 3,300 3 25 13 
Table 13. Key variables for the Vestas V112-3.3 MW turbine (Vestas , 2013) 

 

 

 

 
4.8.2 Power production and performance of a Vestas V112 3.3MW turbine      

 

Fig. 14. Power production and performance of a Vestas V112 3.3MW turbine 
* (Vestas , 2013) 
      

4.8.3 Economic analysis of a potential Vestas V112 3.3 MW wind farm 

Turbines Capacity 
Capital 

Investment 

Annual 

electricity 

production 

Net Present 

Value for 25 

years 

Salvage 

value after 

25 years 

Annual 

value of 

REC's 

 MW 
$millions 

2014 USD 
GWh 

$millions 

2014 USD 

$millions 

2014 USD 

$millions 

2014 USD 

30 99 486.35 435.87 -83.51 3.88 14.33 
20 66 324.23 290.58 -55.67 2.59 9.56 
15 49.5 243.17 217.94 -41.75 1.94 7.17 
10 33 162.12 145.29 -27.84 1.29 4.78 
5 16.5 81.06 72.65 -13.92 0.65 2.39 
1 3.3 16.21 14.53 -2.78 0.13 0.48 

Table 14. Economic analysis of a Vestas V112 3.3 MW wind farm 

It can be seen from table 14 that this wind farm has the potential to produce a large amount of electricity 
to provide to the Victorian energy grid but requires an equally substantial initial capital investment. 
Therefore without some form of economic subsidy a potential wind farm of any size will lose more money 
than it can produce from electricity sales or REC’s. There would have to be a reduction in either the cost 
of investment, the depreciation value or a rise in electricity sale price in Victoria before this potential wind 
farm scenario could be economically viable. 
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The Vestas V112-3.3 MW turbine has a hub height of 84 m, the temperature is assumed to remain constant 
at 25 degrees Celsius. This turbine is designed with 3 turbine rotors each with a length of 56 m. This 
turbine is class IIA and therefore is considered to be for high to mid average wind velocity locations. This 
turbine reaches the maximum rated power production capability at a wind velocity of approximately 13 
m/s. This turbine has a standard rated wind speed and may be more productive at higher elevations 
considering 84 m is relatively small for a 3+ MW turbine.    

This turbine produced on average 
14.53 GWh of energy annually 
which equates to the average annual 
electricity consumption of 
approximately 2,355 average 
Victorian homes (Australian Energy 
Regulator, 2015). Due to the turbines 
large rated power and wind speed it 
only produces energy at its maximum 
rated power 12.79% of the time on 
average over a 5 year period. This 
turbine also has a very high capacity 
factor. 
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4.9 Potential Vestas V112-3.0MW wind farm 

4.9.1 Key variables for the Vestas V112-3.0 MW turbine 

Variable Elevation Temp. 
Air 

density 

Swept 

area 

Rotor 

radius 

IEC 

class 

Rated 

power 

Cut in 

speed 

Cut out 

speed 

Rated 

speed 

Unit m K kg/m3 m² m  kW m/s m/s m/s 

Value 94 298.15 1.192 9,852 56 IIA 3,000 3 25 12 
Table 15. Key variables for the Vestas V112-3.0 MW turbine (Vestas, 2009) 
 

 

 

 

4.9.2 Power production and performance of a Vestas V112 3.0MW turbine      

 

Fig. 15. Power production and performance of a Vestas V112 3.0MW turbine  
* (Vestas, 2009) 
 

4.9.3 Economic analysis of a potential Vestas V112 3.0MW wind farm 

Turbines Capacity 
Capital 

Investment 

Annual 

electricity 

production 

Net Present 

Value for 25 

years 

Salvage 

value 

after 25 

years 

Annual 

value of 

REC's 

 MW 
$millions 

2014 USD 
GWh 

$millions 

2014 USD 

$millions 

2014 USD 

$millions 

2014 USD 

30 90 442.13 428.79 -36.29 3.53 14.10 
20 60 294.76 285.86 -24.20 2.35 9.40 
15 45 221.07 214.39 -18.15 1.76 7.05 
10 30 147.38 142.93 -12.10 1.18 4.70 
5 15 73.69 71.46 -6.05 0.59 2.35 
1 3 14.74 14.29 -1.21 0.12 0.47 

Table 16. Economic analysis of a potential Vestas V112 3.0MW wind farm 

 
It can be seen from table 16 that this turbine has a similar economic prosperity as the Vestas V112-3.3 
MW turbine wind farm. That is, there is substantial amount of energy that can be generated but the 
investment costs assures that the net present value negative for the life of the project. This potential wind 
farm is more than 2 times more profitable than the V112-3.3MW turbine, although both are ultimately 
unprofitable. If subsidies were proposed then this turbine choice for the potential wind farm would be a 
more economical choice because of its high energy output and its relatively low rated wind speed for a 3+ 
MW turbine.  
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The Vestas V112-3.0 MW turbine has a hub height of 94 m, the temperature is assumed to remain constant 
at 25 degrees Celsius. This turbine is designed with 3 turbine rotors each with a length of 56 m. This 
turbine is class IIA and therefore is considered to be appropriate for high to middle range average wind 
velocity locations. The advantage of this turbine over the very similar V112.3.3 MW Vestas turbine is 
that it reaches its rated power at a lower wind speed while maintaining the same large swept area. This 
turbine also contains a hub height 10 m greater than the V112 3.3 MW Vestas turbine and hence is subject 
to greater wind velocities on average.  

 

This turbine produced on average 
14.29 GWh of energy annually 
which equates to the average annual 
electricity consumption of 
approximately 2,165 average 
Victorian homes (Australian Energy 
Regulator, 2015). This turbine has a 
similar annual electricity production 
as the V112-3.3 MW Vestas turbine 
but has the added benefit of 
producing maximum power 20% of 
the year in this location. 
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This turbine produced on average 
13.29 GWh of energy annually which 
equates to the average annual 
electricity consumption of 
approximately 2,009 average Victorian 
homes (Australian Energy Regulator, 
2015). This turbine performs extremely 
efficiently, it was able to convert 
60.4% of the maximum possible power 
into energy while maintaining the 
maximum rated power production level 
on average for 30.4% of the entire time.  

 

 

 

4.10 Potential Goldwind GW 121/2500 wind farm 

4.10.1 Key variables for the Goldwind GW 121/2500 turbine 

Variable Elevation Temp. 
Air 

density 

Swept 

area 

Rotor 

radius 

IEC 

class 

Rated 

power 

Cut 

in 

speed 

Cut out 

speed 

Rated 

speed 

Unit m K kg/m3 m² m  kW m/s m/s m/s 

Value 100 298.15 1.191 11,595 60.5 IIIB 2,500 3 22 9.7 
Table 17. Key variables for the Goldwind GW 121/2500 turbine (Goldwind, 2012)       

 

 

 

 

4.10.2 Power production and performance of a Goldwind GW 121/2500 turbine      

 

 

Fig. 16. Power production and performance of a Goldwind GW 121/2500 turbine 
* (Goldwind, 2012)       
 

4.10.3 Economic analysis of a potential Goldwind GW 121/2500 wind farm 

Turbines Capacity 
Capital 

Investment 

Annual 

electricity 

production 

Net Present 

Value for 25 

years 

Salvage 

value 

after 25 

years 

Annual 

value of 

REC's 

 MW 
$millions  

2014 USD 
GWh 

$millions  

2014 USD 

$millions  

2014 USD 

$millions  

2014 USD 

30 75 368.44 398.79 20.26 2.94 13.11 
20 50 245.63 265.86 13.50 1.96 8.74 
15 37.5 184.22 199.40 10.13 1.47 6.56 
10 25 122.81 132.93 6.75 0.98 4.37 
5 12.5 61.41 66.47 3.38 0.49 2.19 
1 2.5 12.28 13.29 0.68 0.10 0.44 

Table 18. Economic analysis of a potential Goldwind GW 121/2500 wind farm 

It can be seen from table 18 that this wind farm has the potential to produce very large amounts of 
electricity to provide to the Victorian energy grid and does not require a subsidy to be profitable. This 
wind farm is not only economically viable, it is also increasingly profitable as the amount of turbines and 
overall capacity increases. It is also economically profitable at lower turbine quantities and thus does not 
require a large amount of land, long installation times or debate in order to gain approval for development.  

The Goldwind GW 121/1500 turbine has a large hub height of 100 m, the temperature is assumed to 
remain constant at 25 degrees Celsius. This turbine is designed with 3 turbine rotors each with a relatively 
large length of 60.5 m. This turbine is class IIIB and therefore is considered to be for low to very low 
average wind velocity locations. This turbine has one of the largest rotor lengths and swept areas of all 
the lower rated turbines that have been tested. The most advantageous attribute of the turbine is its very 
low rated wind speed.  
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4.11 Potential Nordex N90-2300 wind farm 

4.11.1 Key variables for the Nordex N90-2300 turbine 

Variable Elevation Temp. 
Air 

density 

Swept 

area 

Rotor 

radius 

IEC 

class 

Rated 

power 

Cut in 

speed 

Cut out 

speed 

Rated 

speed 

Unit m K kg/m3 m² m  kW m/s m/s m/s 

Value 105 298.15 1.190 6,362 45 IIA 2,300 3 25 13 
Table 19. Key variables for the Nordex N90-2300 turbine (Nordex, 2009) 

 

 

 

 

 

 

4.11.2 Power production and performance of a Nordex N90-2300 turbine      

 

Fig. 17. Power production and performance of a Nordex N90-2300 turbine 
* (Nordex, 2009) 

4.11.3 Economic analysis of a potential Nordex N90-2300 wind farm 

Turbines Capacity 
Capital 

Investment 

Annual 

electricity 

production 

Net Present 

Value for 25 

years 

Salvage 

value after 

25 years 

Annual 

value of 

REC's 

 MW 
$millions 

2014 USD 
GWh 

$millions 

2014 USD 

$millions 

2014 USD 

$millions 

2014 USD 

30 69 338.97 296.62 -66.93 2.70 9.75 
20 46 225.98 197.75 -44.62 1.80 6.50 
15 34.5 169.48 148.31 -33.47 1.35 4.88 
10 23 112.99 98.87 -22.31 0.90 3.25 
5 11.5 56.49 49.44 -11.16 0.45 1.63 
1 2.3 11.30 9.89 -2.23 0.09 0.33 

Table 20. Economic analysis of a potential Nordex N90-2300 wind farm 
 
It can be seen from table 20 that this wind farm has the potential to produce a moderate amount of 
electricity to provide to the Victorian energy grid but would require subsidization in order to be deemed 
economically viable. A potential wind farm made of this turbine has a relatively low benefit to cost ratio 
which is also made evident by the large negative net present value in consideration of its moderate capacity 
and required capital investments. It would be economically difficult to justify subsidization of a potential 
wind farm when considering it’s evidently not designed to maximize power output at a location such as 
the Port Phillip Bay location.  
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The Nordex N90-2300 turbine has an exceptionally large hub height of 105 m, the temperature is assumed 
to remain constant at 25 degrees Celsius. This turbine is designed with 3 turbine rotors each with a length 
of 45 m. This turbine is class IIIA and therefore is considered to be for medium average wind velocity 
locations. This turbine has the benefit of a tall tower so it can capture faster average wind velocities at 
higher elevations but the swept area in which it utilizes to capture the energy is significantly less than the 
SWT-2.3-113 of the same rated power. The rated wind speed is approximately standard for turbines of 
similar rated powers but this particular turbine has the smallest swept area of all the turbines tested and 
will rely heavily on its capacity factor to perform efficiently.   

 

This turbine produced on average 
9.89 GWh of energy annually which 
equates to the average annual 
electricity consumption of 
approximately 1,495 average 
Victorian homes (Australian Energy 
Regulator, 2015). This turbine had 
significantly less produced power 
and percentage of time spent at 
maximum power output than the 
Siemens 2.3 MW turbine, its power 
rating counterpart.  
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4.12 Potential Siemens SWT-2.3 93 wind farm 

4.12.1 Key variables for the Siemens SWT-2.3 93 turbine 

Variable Elevation Temp. 
Air 

density 

Swept 

area 

Rotor 

radius 

IEC 

class 

Rated 

power 

Cut in 

speed 

Cut out 

speed 

Rated 

speed 

Unit m K kg/m3 m² m  kW m/s m/s m/s 

Value 100 298.15 1.191 8,012 50.5 IIA 2,300 4 25 13 
Table 21. Key variables for the Siemens SWT-2.3 93 turbine (Siemens, 2009) 

 

 

 

 

 
 

4.12.2 Power production and performance of a Siemens SWT-2.3 93 turbine      

  
Fig. 18. Power production and performance of a Siemens SWT-2.3 93 turbine 
* (Siemens, 2009) 
      

4.12.3 Economic analysis of a potential Siemens SWT-2.3 93 wind farm 

Turbines Capacity 
Capital 

Investment 

Annual 

electricity 

production 

Net Present 

Value for 25 

years 

Salvage 

value after 

25 years 

Annual 

value of 

REC's 

 MW 
$1000000's 

2014 USD 
GWh 

$1000000's 

2014 USD 

$1000000 

2014 USD 

$1000000 

2014 USD 

30 69 338.97 290.98 -73.80 2.70 9.57 
20 46 225.98 193.99 -49.20 1.80 6.38 
15 34.5 169.48 145.49 -36.90 1.35 4.78 
10 23 112.99 96.99 -24.60 0.90 3.19 
5 11.5 56.49 48.50 -12.30 0.45 1.59 
1 2.3 11.30 9.70 -2.46 0.09 0.32 

Table 22. Economic analysis of a potential Siemens SWT-2.3 93 wind farm 

It can be seen from table 22 that this wind farm has the potential to produce a moderate to high amount of 
electricity to provide to the Victorian energy grid but does require very large subsidization in order to be 
economically profitable. The fact the turbine produces far less energy in relation to its cost when compared 
to other turbine makes means it will be difficult to justify its hypothetical subsidization. Potential wind 
farms remains particularly uneconomical even at lower total capacities and hence subsidization of even 
smaller wind farms will be difficult to justify also.  
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The Siemens SWT-2.3 93 turbine has a hub height of 100 m, the temperature is assumed to remain 
constant at 25 degrees Celsius. This turbine is designed with 3 turbine rotors each with a length of 50.5 
m. This turbine is class IIA and therefore is considered to be for high average wind velocity locations. 
This turbine is more suitable for higher velocity locations and that is exemplified in its higher rated wind 
speed and higher cut in wind speed. With all of its specifications in consideration, the power output will 
be minimal unless the average speeds are closer to the rated power of 13 m/s. The advantages of this 
turbine include an above average elevation for its rated power and a relatively large swept area in 
comparison to the Nordex N90-2300.   

 
This turbine produced on average 
9.70 GWh of energy annually which 
equates to the average annual 
electricity consumption of 
approximately 1,466 average 
Victorian homes (Australian Energy 
Regulator, 2015). This turbine has a 
moderate power production and 
produces power at maximum output 
for approximately 14.3% of the time 
entire time on average.  
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4.13 Potential Shanghai Electric W2000/105 windfarm 

4.13.1 Key variables for the Shanghai Electric W2000/105 turbine 

Variable Elevation Temp. 
Air 

density 

Swept 

area 

Rotor 

radius 

IEC 

class 

Rated 

power 

Cut in 

speed 

Cut out 

speed 

Rated 

speed 

Unit m K kg/m3 m² m  kW m/s m/s m/s 

Value 105 298.15 1.190 8,659 52.5 S 2,000 3 20 11 
Table 23. Key variables for the Shanghai Electric W2000/105 turbine (The Wind Power, 2015) 

 

 

 

 
 
 

4.13.2 Power production and performance of a Shanghai Electric W2000/105 turbine      

  
Fig. 19. Power production and performance of a Shanghai Electric W2000/105  
turbine * (Carrillo, et al., 2013)      
 
 
4.13.3 Economic analysis of a potential Shanghai Electric W2000/105 wind farm 

Turbines Capacity 
Capital 

Investment 

Annual 

electricity 

production 

Net Present 

Value for 25 

years 

Salvage 

value 

after 25 

years 

Annual 

value of 

REC's 

 MW 
$millions  

2014 USD 
GWh 

$millions  

2014 USD 

$millions  

2014 USD 

$millions  

2014 USD 

30 60 294.76 314.84 11.10 2.35 10.35 
20 40 196.50 209.90 7.40 1.57 6.90 
15 30 147.38 157.42 5.55 1.18 5.18 
10 20 98.25 104.95 3.70 0.78 3.45 
5 10 49.13 52.47 1.85 0.39 1.73 
1 2 9.83 10.49 0.37 0.08 0.35 

Table 24. Economic analysis of a potential Shanghai Electric W2000/105 wind farm 
 
It can be seen from table 24 that this wind farm has the potential to produce a moderate to high amount of 
electricity to provide to the Victorian energy grid and does not require subsidization to be economically 
profitable. Although a potential wind farm using this turbine produces a net profit after the life of its 
implementation it still has a relatively minute profit margin and hence would only be considered 
economically if no other turbine with higher profit margins could not be utilized.  
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The Shanghai Electric W2000/105 turbine has a large hub height of 105 m, the temperature is assumed to 
remain constant at 25 degrees Celsius. This turbine is designed with 3 turbine rotors each with a length of 
52.5 m. This turbine is class S and therefore is specified conditionally by the manufacturer. This turbine 
is suitable for mid to lower wind velocity locations. This turbine has an advantageous elevation allowing 
itself subject to far higher wind velocities. The cut out wind speed is relatively low but this reduction in 
power production at higher speeds is counteracted by a reduced rated wind speed equating to a better 
turbine performance at lower wind speeds. The swept area of the turbine is also relatively high in relation 
to its size and rated power.  

 

This turbine produced on average 
10.49 GWh of energy annually 
which equates to the average annual 
electricity consumption of 
approximately 1,586 average 
Victorian homes (Australian Energy 
Regulator, 2015). This turbine has a 
moderate power production but 
converts 60% of all available power 
in the wind for this particular turbine 
into electricity and also runs at its 
rated power 26.8% of the entire time 
on average.  
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4.14 Potential China Energine CE 2MW wind farm 

4.14.1 Key variables for China Energine CE 2MW turbine 

Variable Elevation Temp. 
Air 

density 

Swept 

area 

Rotor 

radius 

IEC 

class 

Rated 

power 

Cut in 

speed 

Cut out 

speed 

Rated 

speed 

Unit m K kg/m3 m² m  kW m/s m/s m/s 

Value 75 298.15 1.194 6,792 46.5 IIIA 2,000 3.5 25 12 
Table 25. Key variables for China Energine CE 2MW turbine (China Energine, 2011) 

 

 

 

 

 

 
4.14.2 Power production and performance of a China Energine CE 2MW turbine      

  
Fig. 20. Power production and performance of a China Energine CE 2MW turbine    
* (China Energine, 2011) 
  

4.14.3 Economic analysis of a potential China Energine CE 2MW wind farm 

Turbines Capacity 
Capital 

Investment 

Annual 

electricity 

production 

Net Present 

Value for 25 

years 

Salvage 

value 

after 25 

years 

Annual 

value of 

REC's 

 MW $millions  
2014 USD GWh $millions  

2014 USD 
$millions  
2014 USD 

$millions  
2014 USD 

30 60 294.76 267.32 -46.77 2.35 8.79 
20 40 196.50 178.21 -31.18 1.57 5.86 
15 30 147.38 133.66 -23.39 1.18 4.40 
10 20 98.25 89.11 -15.59 0.78 2.93 
5 10 49.13 44.55 -7.80 0.39 1.47 
1 2 9.83 8.91 -1.56 0.08 0.29 

Table 26. Economic analysis of a potential China Energine CE 2MW wind farm 
 
It can be seen from table 26 that this wind farm has the potential to produces an average amount of 
electricity to provide to the Victorian energy grid and requires subsidization in order to be economically 
viable. This potential wind farm is particularly less economically appealing as it has quite a large negative 
deficit in relation to its smaller power rating and associated capital investment costs. It would be more 
economical to subsidize technology that has a similar deficit but a heightened annual power output.   
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The China Energine CE 2MW turbine has a hub height of 75 m, the temperature is assumed to remain 
constant at 25 degrees Celsius. This turbine is designed with 3 turbine rotors each with a length of 46.5 
m. This turbine is class IIIA and therefore is suited for locations of low average wind velocities. This 
turbine has a very low hub height and an average rotor radius and swept area. The rated wind speed is also 
relatively high in consideration of its rated power and thus may only perform efficiently in higher velocity 
wind speeds. The turbine does have a high cut out wind speed which will help maximise the time it can 
perform at its maximum rated power but it also has a slightly higher cut in speed which means it will take 
more time to begin producing energy than turbines that cut in at 3 m/s.  

 
This turbine produced on average 
8.91 GWh of energy annually which 
equates to the average annual 
electricity consumption of 
approximately 1,347 average 
Victorian homes (Australian Energy 
Regulator, 2015). This turbine has a 
moderate to low power production 
and produced energy at its rated 
power on average 17.8% of the time.  
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5 Discussion 

5.1 Potential offshore wind farm considerations 

5.1.1 Turbine selection 

It can be seen from table 3 that there are only 2 turbines from the 11 turbines simulated that could 
potentially operate in the Port Phillip Bay location at an economic profit. These turbines are the 
only two potential turbine makes that can be utilized until such a time where subsidization is 
made available for implementation of offshore wind turbine technology. The first turbine make 
and model is the Goldwind GW 121/2500 turbine and the second is the Shanghai Electric 
W2000/105 turbine. Considering that the GW 121/2500 has a net present value over twice that 
of the W2000/105 while producing more energy it is evidently the reasonable alternative of the 
two. The potential GW 121/2500 turbine wind farm also has a lower LCOE, shorter payback 
period, greater cost to benefit ratio but a lower experimentally determined capacity factor. Some 
other considerations that make the GW 121/2500 the ideal turbine includes the fact that it ran for 
the greatest amount of time at its maximum rated power of 2500 KW, which was calculated on 
average as 30.4% of the year for 25 years.  

Upon analysis of the variables surrounding the wind available to the swept area of this turbine, 
as can be seen in table 4, it was calculated that the average power available to the turbine was 
4.51 MW on average. This means that on average this turbine has 180% of the wind velocities it 
requires to function at maximum power. The experimental time at maximum rated power was far 
less due to several factors including the Betz limit of energy conversion that stipulates any fully 
functioning turbine cannot convert more than 59.3% of the wind power available to it (Schubel 
& Crossley, 2012). Therefore this turbine does have the greatest scientific ability to work at or 
close to its maximum theoretical power production due to the average power available to the 
turbine. Though taking into consideration the Betz limit under the same experimental 
circumstances, the amount of average potential power available would be closer to 106.7% of its 
2.5 MW capacity instead of 180%. Also, considering no current turbine technology can convert 
energy as efficiently as the Betz limit percentage and that the highest found capacity factor for 
the particular turbine was 47%, the value in reality becomes increasingly less.  

 

Fig. 21.Average frequency of simulation time the GW 121/2500 turbine spent at specific intervals  
of power production 
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Although the turbine didn’t function at its maximum rated power for as long as scientifically 
possible it did function at reasonably commendable rates for the remainder of the time which is 
exemplified in its ability to convert 60.4% of the power it would have produced if it had ran at 
its highest rated power 100% of the time. It can be seen from figure 21 that it spent approximately 
43% of the time producing power at a rate of between 2250 and 2500 KW. The turbine spent 
approximately 61% of the time at or above half its minimum power production level, or between 
1250 kW and 2500 kW. Due to several periods of very low wind velocities between 3 and 5 m/s 
the turbine spent approximately 17% of the entire simulation time at the lowest power producing 
interval of 0 – 250 kW. This lowest power production rating interval also includes periods where 
the wind velocities were too high for the turbine to be functional (wind velocities above or equal 
to 22 m/s).    

5.1.2 A closer look at the Goldwind GW 121/2500  

Goldwind is a Chinese based multi-faceted wind power company founded in 1998. After the 
company’s founding in Beijing, China, they have now expanded operations into 6 different 
continents and have a combined global installed capacity of 19GW as of the conclusion of 2013. 
Goldwind’s newly installed capacity in 2013 was 3.750 GW which represented a 23.3% market 
share in China to rank 1st and 10.3% market share globally to rank second in the world (Goldwind, 
2014). Goldwind has a large range of onshore and offshore turbines with commercial 1.5 and 2.5 
MW turbines, prototype 3.0 MW turbines and 6.0 MW turbines under development. Goldwind 
turbines are of increasingly larger rotor lengths and greater swept areas as the technology 
develops. This allows for far greater electricity generation at the same wind speeds and same 
rated power and is the reason for the efficiency and reliability in their offshore turbine technology 
(Goldwind, 2013). The GW 121/2500 is very unique due to its extremely large rotor length for 
its rated power, this in turn increases the swept area and ability to access potential kinetic energy 
in the wind. For this reason the speed at which it can perform at its maximum rated power is 9.7 
m/s and is also the lowest of all the turbines tested (Goldwind, 2014). Due to the ideal 
specifications of the GW 121/2500, not only does it perform often at its maximum rated power, 
its power curve allows for constant maximization of power production at lower wind speeds. This 
turbine was the most ideal for low wind speed locations of all the 11 turbines analyzed and 
simulated, although it didn’t have the greatest power curve or capacity factor of the turbines it 
did have the maximum potential to operate at or near its maximum rated power. This metric was 
by far the most important economically as the construction and implementation costs were 
directly correlated to the turbine rating. The closer the turbine performed to its maximum possible 
potential, the more effortless the electrical sales from the turbines operation would surpass the 
maintenance and investments costs throughout the operation life of the potential wind farm 
ultimately deeming it financially profitable.  

5.1.3 Turbine spacing and preferential orientation 

Modern wind farms are typically orientated so that the space between each adjacent turbine is at 
least that of around seven times the turbines rotor diameter. New studies by Charles Meneveau, 
who is a fluid mechanics and turbulence expert from John Hopkins University in Baltimore, has 
studied the optimal spacing between turbines and has found that a more optimal spacing for on 
and offshore wind turbines is closer to fifteen turbine rotor diameters apart (John Hopkins 
University , 2011; Meyers & Meneveau, 2012). If this theory were adopted when constructing 
the hypothetical wind farm then the optimal average space apart of the GW 121/2500 turbines 
would be 1815 m. Port Phillip Bay’s height from north to south (Altona to Rye) is approximately 
58 km and its width is approximately 41 km from west to east (Portarlington to Seaford) (CSIRO, 
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1996). Given these dimensions and considering the recommended mandatory distance from any 
coastline for an offshore wind turbine as 8 km (Boelen, et al., 2010), this leaves approximately 
50 km from North to South and 25 km from west to east in which to construct the with farm. The 
turbines should be separated by as close as possible to this maximum optimal distance while 
maximizing ideal exposure to northerly faced winds (as is most prominent in the Port Phillip Bay 
as is made evident in figure 22) and minimizing visual pollution, especially towards the very 
densely populated sea front of Melbourne, Port Melbourne and the majority of the Northern 
coastline of the Port Phillip Bay area.    

 

 

Fig. 22. Average wind direction at the Fawkner Beacon weather station from January 1 2010 until February 26 2015 

5.1.4 Quantity of turbines in a potential wind farm  

Given the analysis in section 5.1.3 and the approximation of available land area in the Port Phillip 
Bay location as 1250 km2 in which to site offshore wind turbines, there is available space for 
approximately 1743 turbines at the originally recommended spacing of 7 turbine lengths and 380 
at the more recently recommended spacing of 15 turbine lengths. Although in reality there are 
numerous considerations in which to adhere to when siting an offshore wind farm location such 
as visual pollution, sound pollution, marine life and existing transport and shipping routes; it is 
clear that utilizing all available oceanic space is not practical. By referring to figure 6, which 
clearly displays the suitable locations throughout the Port Phillip Bay location by taking several 
of the aforementioned factors into account, it can be seen that there is still a relatively substantial 
area of appropriate turbine siting locations. 30 turbines not only fit into the available space within 
the Port Phillip Bay location but also the confines and constraints highlighted in figure 6.  

Depending on the chosen orientation, layout, shape and distance apart from each turbine the wind 
farm would require approximately between 21.5 km2 and 98.9 km2 in order to ensure the 
maximum efficiency from the turbine spacing (between 7 to 15 turbine spaces apart). There are 
numerous spatial considerations that would be taken into account when proposing a potential 
offshore wind farm and by choosing 30 turbines, it allows for a smaller oceanic area to decrease 
complexity, potential disturbances or competition with other oceanic uses. Although the general 
trend in the offshore wind energy industry is to propose larger, more sophisticated wind farms 
that have ever increasing total capacities containing several hundreds of wind turbines, the 
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Melbourne area neither allows for it spatially nor requires it geographically and socially.  

5.1.5 Alternative turbine placement configurations 

     a)                                                    b)                                                  c)                         

 

 

 

 

 

 

     d)                                                    e)                                                   f)   

 

 

 

 

 

 
  
    g)                                                      h)                                                           
 

 

 

 

 

 
 
Fig. 23. Potential wind turbine configurations   
* Map provided from (CSIRO, 1996), suitable locations sourced from (Messali & Diesendorf, 2009; Boelen, et al., 2010) 

 
The first figure, (23) a), depicts the most simple and spread configuration of wind turbines, the 
turbines are sited in the second shallowest waters available. This configuration has the advantage 
of cheap foundations and relatively desirable spacing but does not take into account the proximity 
to the coast and the potential subsequent visual pollution to the coast. The next figure, b), shows 
the most desirable configuration to reduce the level of visual pollution towards the north coast. 
Although this configuration is tightly packed and does not require a large physical area it takes 
no consideration for how the wind flow will be disturbed along a linear path. The next figure, c), 
shows an orientation that maximizes exposure to northerly winds and limits spatial disturbances 
between the turbines for winds at a northerly direction. Although this configuration is ideal for 
wind exposure it is quite undesirable in terms of visual pollution to the densely populated northern 
coastal municipalities. The next figure, d), shows a similar configuration to a), however this 
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particular layout is much further offshore and it also fractionally minimizes visual pollution to 
the north by containing 5 columns of turbines instead of 6. The next figure, e) shows the only 
split configuration of the alternatives. This configuration can be beneficial for disturbances to 
transport or wildlife by limiting turbine numbers in small geographical areas but would also 
require an elevated initial investment to connect the grid between the several kilometer 
separations. This configuration also neglects to take potential disturbances between turbines into 
consideration. The next figure, f) shows one of the most compact configurations that is in shallow 
waters and also takes into consideration potential inter-turbine wind disturbances caused by 
northerly directional winds. Although this configuration has a number of advantages it is very 
disadvantageous in terms of visual pollution being both close to the most densely populated 
region of the Bay and also maximizing visual coverage from the coasts perspective with the 
diagonal siting orientation. The next figure, g), is a compact mid-depth option that minimizes 
visual pollution to the north but maximizes it towards the less populated eastern and western 
coasts. The final figure, h) shows the shallowest configuration that would be the cheapest in terms 
of foundation costs but does not take visual pollution, proximity to the coast or minimization of 
wind disturbance between turbines from the northerly direction into account.  
 

5.1.6 Turbine foundation selection 

 

Fig. 24. Bathymetry data for the Port Phillip Bay area 
* (CSIRO, 1996) 

 

According to figure 24, which represents the bathymetry data for the Port Phillip Bay, the 
Fawkner Beacon weather station lies on the border of the 10-15 m elevation and the 15-20 m 
elevation. As there are many turbines at a determined distance from each other it can be expected 
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that a wind farm built on this location would require foundation supports suitable for 10-20m, or 
all oceanic elevations within a reasonable circumference over the point location. It is reasonable 
to assume, based on this same figure that the elevation will predominately be closer to 15 m and 
further from 20 m and that it will not exceed 20 m. As can be seen in figure 25, gravity 
foundations are generally appropriate for depths not exceeding 15 metres and thus can be utilized 
where appropriate including any point north of the Fawkner Beacon location. Mono-pile 
foundations could be utilized were necessary but may require additional capital costs due to their 
large size and the requirement of pre-drilling a socket (IRENA, 2012). Gravity bases have the 
advantage of not requiring drilling but can have additional costs due to their large weight (for 
concrete gravity bases) or for cathodic protection systems to avoid erosion (for steel gravity 
bases) (IRENA, 2012). There are numerous gravity bases that can withstand larger water depths 
and oceanic conditions such as the GRAVITAS gravity foundation which can withstand depths 
of up to 60 m (GRAVITAS , u.d.), the Vici Ventus Concrete Gravity Foundation which can 
withstand up to 100 m and the STRABAG gravity base which can withstand up to 50 m (4C 
Offshore, 2015b). Therefore gravity bases could be potentially used for all the turbines in all areas 
of the Port Phillip Bay location.  

 

Fig. 25. Offshore wind turbine foundations 
* (Malhotra, 2007) 
 

5.2 Economic considerations for a potential wind farm 

5.2.1 Analysis of economic considerations 

The potential 30 X Goldwind GW 121/2500 wind turbine wind farm can produce approximately 
399 GWh of energy a year which equates to on average $37 million 2014 USD per annum through 
electricity sales assuming a static electricity sale price and REC sale price. Although this amount 
of profit is sufficient to allow for a total repayment of the required initial capital investment and 
maintenance costs by the 22nd year of operation it is reliant on 2 important variables which in real 
life are subject to great dynamic variances that are both hard to predict and are dependent on 
several other considerations beyond the control of a wind farm developer. Therefore although the 
results suggest that the simulations calculate the net present value of the potential wind farm after 
25 years to be above $20 million 2014 USD’s, it is difficult to predict whether the same economic 
outcome would be reached in real life, when subject to real market variations.  
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Electricity sale price & REC sale price 

The electricity sale price in Victoria has fluctuated from approximately $25 AUD/MWh to $57 
AUD/MWh between the years 1998 and 2015 and even these values are subject to other 
considerations such as inflation factors and purchasing power (Clean Energy Regulator, 2014a). 
In more recent times the value has been higher than the past but that has little bearing on its future 
value. With economic uncertainties in currency values, market stability, the energy production 
industry and future taxation or subsidization policies, it is of extremely high risk to be dependent 
on such variables for economic profitability. The Renewable Energy Certificate value is also of 
grave importance to the profitability of the potential wind farm as it is responsible for 
approximately a third of the annual electricity sales value. It is difficult to predict the value of 
this economic variable in an open market and for how long the policy that allows the sale of 
renewable certificates for money will last in changing governments and socio-political climates.  

Initial investment cost and benefit 

The estimate for offshore wind energy capital investment which was deduced through averaging 
available cost estimations in various literature, equates to approximately $368 million 2014 
USD’s and is a large sum of money for a government to spend on one project. Although the 
amount of electricity produced is impressive, the costs are still two thirds higher than that of 
conventional onshore wind energy. Although this hypothetical farm is profitable and eventually 
produces enough income to cover the rather exuberant initial investment, it is less attractive 
politically to invest so much money into one project as opposed to investing in lower risk and 
higher reward projects with more proven technology. It is less appealing to invest in projects with 
average economic gains as opposed to investing in several smaller projects requiring a lesser 
capital investment but yielding a comparatively higher economic surplus.  

Future initial investment costs 

There is one uncertainty in the cost estimation for future offshore wind farm projects that may 
deem the potential wind farm far more profitable. That is a reduction in investment costs brought 
on by an improvement in research and development of offshore wind energy technology. It has 
already been mentioned that such technological developments may be available in the foreseeable 
future and that this has the potential to make offshore wind energy competitive to even onshore 
wind energy (Parkinson, 2014). If the capital investment required reduced by only 30% with all 
other variables remaining constant then the period required to cover the capital investment (and 
maintenance costs) would be 15.5 years instead of over 22. Subsidization is another form of 
political intervention that has the potential to not only deem this potential project far more 
profitable, but also the ability to utilize larger and greater energy yielding turbines that have been 
tested at the Port Phillip Bay location.  

5.2.2 Cost comparisons  

Initial capital investment  

 

The initial investment cost required depends on a large number of variables and is subject to 
market variations and even political policy. An accurate method for estimating an initial 
investment cost is to allocate a price per each MW installed within the wind farm. Although this 
method is accurate it fails to take into account unique variances in investment and implementation 
costs between various turbine makes and models. This method of estimation also ignores the vast 
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cost variances that are increasingly higher the further offshore a wind farm is, the further apart it 
is and the depth of water in which the turbine will be sited. The initial investment cost per MW 
installed was taken as $4,912,600 2014 USD’s/MW installed. Although this value was the 
average, it was also on the much higher range of prices according to literature that provided both 
a minimum and maximum cost.  

Country Windfarm Year Turbine MW Cost Cost/MW 

     £millions 

$million 

2014 

USD 

UK West of Duddon Sands 2014 108 X Siemens SWP-3.6-120 389 1200 5.111568 

UK Teesside 2013 62 X Siemens SWT-2.3 62 200 5.245161 
UK Sheringham Shoal 2012 88 X Siemens SWT-3.6-107 317 1100 5.382019 
UK Lynn and Inner Dowsing 2009 54 X Siemens SWP-3.6-107 194 300 2.500515 
UK Gunfleet Sands 1 & 2 2010 48 X Siemens SWP-3.6-107 172 300 2.820349 

     €millions  
Denmark Rødsand II 2010 90 X Siemens SWP-2.3-93 207 400 2.76715 
Denmark Anholt 2013 111 X Siemens SWP-2.3-93 400 1340 4.0535 
Denmark Nysted 2003 72 X Siemens SWP 2.3-82 166 310 2.569639 
Denmark Hornsrev II 2009 91 X Siemens SWP 2.3-93 209 470 3.220287 

     ¥millions  
China Longyuan Rudong Intertidal 2012 Various 131.3 500 0.609292 
China Donghai Bridge 2010 34 Sinovel SL3000/90 102 102 0.16 

Table 27. Capital investment required for offshore wind farms in the UK, Denmark and China   
* (4C offshore, 2015c) 

 
It can be seen from table 27 that the estimated cost is toward the higher spectrum of installation 
costs for European offshore wind farms and that this price is more common in more modern, 
sizable and deeper offshore wind farms. On the contrary the price is disproportionally higher than 
the offshore wind farms operational in China and that can be attributed to the lower cost of 
manufacturing and other local economic factors. If Australia were to invest in offshore wind 
energy and use a Chinese turbine manufacturer such as Goldwind, it is difficult to calculate the 
cost of implementation. It can be assumed that it will be relatively less expensive to use Chinese 
technology than to import European technology geographically, but it is more difficult to estimate 
the difference in implementation cost of Chinese turbine technology in Australia with the cost of 
Chinese turbine technology in China. It can be concluded that in the case the GW 121/2500 
turbine was utilized, the estimated cost of implementation will most likely be an over estimation 
and hence the net present value of the potential wind farm may increase in real life circumstances.  

LCOE 

It can be seen from figure 8, which shows the levelized cost of energy (or the minimum sale price 
of energy to allow a particular project to economically ‘break even’), that offshore wind has one 
of the highest levelized costs from all renewable energy alternatives. Although solar is more 
expensive, on shore wind is extremely competitive according to the average values and hence 
economically decreases the potential to consider offshore alternatives. The lowest LCOE value 
that could be found using the chosen variables within the simulation environment was $0.54 
USD/kWh. For this reason there is little financial incentive to actually invest in offshore wind 
technology over other proven technologies despite the fact that an economic profit can be made 



38 
 

from a potential offshore wind farm. The LCOE value is approximately 2.3 times higher than the 
maximum average LCOE value for offshore wind energy as calculated in (Doty, et al., 2013). 
There is a great potential to produce energy to the Victorian energy grid through this potential 
wind farm, but there is very little potential to have an economically competitive levelized cost. 
Taking only this variable into consideration, it is highly unlikely in any scenario that the offshore 
wind energy alternative would be deliberated in the place of onshore wind or other more 
financially attractive renewable energy alternatives.   

5.2.3 Sensitivity analysis of variables  

 

 

Fig. 26. Sensitivity analysis of economic variables and its effect on NPV after 25 years 

It can be seen from figure 26 that the variable with the greatest impact on the overall profitability 
of the project is the initial investment cost. A 25% decrease in the initial investment cost equates 
to a 7 times more profitable wind farm and decreases by the same factor with a 25% increase. In 
consideration of the fact that the investment costs associated with offshore wind energy 
implementation are forecasted to decrease eventually with various technological investments, 
there will be a great future potential for offshore wind technology in Victoria. On the contrary, 
any unexpected increase in offshore energy investment costs (that are not attributed to siting 
turbines deeper, or further offshore but rather turbine costs, siting costs and maintenance costs) 
could deem the technology economically insufficient for implementation in Victoria in almost all 
scenarios.  

The electricity sale price has the second most sensitive effect on the overall profitability of the 
potential wind farm. As the wind farm will rely on this value strongly in order to remain profitable 
throughout the operational lifetime and that it is subject to many interconnected market variables, 
there is an inherent risk in approving this offshore wind farm for development. The discount rate, 
which may be affected by annual interest rate also, is the third most sensitive factor on the net 
present value. Discount rates are difficult to predict and to forecast and are beyond the control of 
turbine manufacturers or project planners. The REC sale price value is the third most sensitive 
variable although it is approximately half as sensitive as the initial investment cost. Annual 
operation and maintenance costs is the least sensitive variable but still can decrease or increase 
the net present value by a factor of 2 when varied by 25%. This final variable has little variability 
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in real life unless there is an unforeseen circumstance such as natural disaster or another 
unexpected cause for destruction.  

5.3 Potential barriers and benefits of offshore wind energy 

5.3.1 Global barriers to wind energy and offshore wind energy 

The cost of offshore wind energy is one of the largest universal barriers to its implementation, or 
at least to its implementation at the same pace as onshore wind energy (Geoscience Australia & 
ABARE, 2010; PD Ports, 2014). Some common economic barriers to investment and 
implementation include downward pressure on prices in conjunction with increased competition 
among turbine manufacturers (REN21, 2014). It is expected that the cost of offshore wind energy 
may decline over time and one study has identified three likely areas of the supply chain to reduce 
in cost in the near future: equipment installation, turbine tower production and foundation 
manufacture (PD Ports, 2014). The cost of offshore wind power has increased 41%/MWh over 
the period of 2009 to 2014 while concurrently, onshore wind energy continually decreases in 
costs (AWEA, 2014).  

One of the biggest issues for the implementation of wind energy is the ability to connect the 
power source to the electrical grid (Messali & Diesendorf, 2009; Geoscience Australia & 
ABARE, 2010; REN21, 2014). When other energy manufacturing plants or farms are constructed 
they are generally located within reach of a State or National electricity grid but when the power 
source is moved offshore it becomes far more difficult to connect to an electrical grid (Geoscience 
Australia & ABARE, 2010). Grid connecting for offshore energy was a specific challenge for the 
industry in 2013 as appropriate transmission infrastructure was lacking in some geographic 
regions and delays in grid connection were common in other instances (REN21, 2014). 
Curtailment is a common issue with wind power especially in Countries with large geographic 
boundaries such as China, whom lost 16 Terra Watt hours (TWh) of energy in 2013 due to 
curtailment and grid connecting issues (REN21, 2014).  

Declining policy support or uncertainty is also an important factor that acts as a barrier to 
investment and implementation to offshore wind technology and is one of the causes for a slight 
reduction in offshore wind energy implementation in the EU and the USA in 2013, which was 
heightened by ongoing economic austerity (REN21, 2014). In addition to the offshore wind and 
wind power industry having its own barriers it still competes for affordability with more polluting 
fossil based fuels which remain subsidized in some countries, this both encourages inefficient 
energy use and hinders investment in renewable technologies (REN21, 2014). 

There is an ongoing trend with offshore wind energy farms to move to deeper oceans and further 
offshore, the foundations and turbines are undergoing constant technological advancements 
which usually equate to an increase in manufacturing, installation and maintenance costs 
(REN21, 2014). As a result of the aforementioned barriers the installation time for wind farms 
increases exponentially and so does the cost to utilize the expensive marine vessels required for 
construction (Geoscience Australia & ABARE, 2010).   

Social concerns such as aesthetic considerations, noise considerations and wildlife considerations 
are also frequent barriers to expansion of wind energy in general. Offshore wind turbines are not 
as large an issue aesthetically the further offshore the farm is located. However, offshore wind 
farms do introduce unique issues such as vibrational impacts on wildlife, disturbance of the 
marine ecosystem and issues relating to navigational safety for vessels and fisheries (REN21, 
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2014). Although the distance from shore lowers the aesthetic issues associated with offshore wind 
farms, the amount of turbines in a particular wind farm can increase aesthetic issues as the visual 
horizon becomes increasingly hindered from the viewpoint of the adjacent coastline (Boelen, et 
al., 2010).    

5.3.2 Australian specific barriers to wind energy and offshore wind energy 

Australia has a relatively weak supportive policy for renewable energy targets and climate change 
initiatives in comparison to other OECD nations with similar Gross Domestic Products or equally 
intensive economic activities (Burck, et al., 2015). This is exemplified through actions such as 
the implementation then sudden repeal of a carbon tax initiative that would have increased the 
cost of fossil fuel energy whilst consequently increasing the affordability or incentive for 
investment in renewable alternatives (Clean Energy Regulator, 2014b). Many of the global 
barriers to wind energy implementation are prevalent in the Australian wind energy sector. A 
strong variability in wind speeds equates to an upper limit of wind energy penetration and is 
thought to require an enhancement in grid responsiveness or even storage nodes added to the 
electrical grid (Geoscience Australia & ABARE, 2010; Hallgren, et al., 2014). Other measures 
that have been proposed to deter the negative consequences of wind variability include 
improvements to wind forecasting techniques and improvements to turbines to allow for addition 
or reduction in loads to attempt to make an ideal match to current wind conditions (Hallgren, et 
al., 2014). The specific barriers to offshore wind energy is the cost, which is presently 
approximately twice as much as onshore wind energy, and the vast availability of onshore wind 
resources across the Australian mainland (Geoscience Australia & ABARE, 2010; Hallgren, et 
al., 2014).  

5.3.3 Victorian specific barriers to wind energy and offshore wind energy  

Although the Victorian coast is large and contains a vast array of desirable average wind speeds 
it does contain a deep oceanic floor which makes the majority of it unsuitable for the current 
technological and spatial requirements of offshore wind turbines (GWEC, 2013). The 
combination of aesthetic issues related to offshore wind turbines and the relatively densely 
populated coast line of Victoria would mean that a potential wind farm would have to be a certain 
distance away from the coast. In one study by Boelen, Bishop & Petit (2010) the distance 
excluded as feasible from the coastline was estimated as 8 km to coincide with the Danish 
offshore wind energy distance requirements. Other barriers to suitable locations within this study 
included existing infrastructure, known habitats of endangered animals, marine national parks 
and shipping or oceanic freight paths within Victoria’s coast (Boelen, et al., 2010). 

5.3.4 Competition with fossil fuels 

There are several reasons why offshore wind energy is in such high competition with fossil based 
energy sources globally and within Australia. The most influential reason is the minute levelized 
cost of these energy sources and other associated economic factors. As of September, 2014, the 
following fossil based energy sources had a significantly lower LCOEs: Integrated Gasification 
Combined Cycle (IGCC), coal and Gas Combined Cycle (less than half) (Lazard, 2014). Not only 
is energy cheap to produce from these fossil sources; these sources, especially coal, are also 
extremely abundant within Australia and Victoria. Australia is one of the most prominent 
exporters of coal within the Pacific market. Australian mining companies have coal reserves 
equivalent to 51 Gigatonnes (Gt) of CO2 and this is thought to represent only 50% of actual 
reserves (Carbon Tracker, 2013). Australia is a net importer of oil and in that respect would 
benefit from utilizing cheaper or more renewable energy sources, but at present the majority of 
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alternatives cannot compete financially with coal energy production (onshore wind being an 
exception).  

The Victorian government is “committed to economic development” through means of brown 
coal exporting, one information sheet on that matter stipulates that: “The Victorian Government 
provides a positive business environment, efficient regulation and security of tenure for explorers 
and developers (…of brown coal investment/mining)” (Department Of Economic Development, 
Jobs, Transport And Resources, 2015, p. 1). Not only is the Australian government ranked last 
among OECD countries for efforts to curb GHG emissions, they go as far to promote investment 
in resources that release the most GHG emissions upon combustion. The approximately 528 
billion tonnes of estimated brown coal reserves would not only contribute immensely to global 
GHG emissions once they are sold and burnt but also are unearthed by one of the most 
environmentally intensive methods known, open cut mining (Department Of Economic 
Development, Jobs, Transport And Resources, 2015).  

5.3.5 Competition with other renewable alternatives 

Australia has a large market for onshore wind energy as there is an abundance of suitable 
locations and the levelized cost is between 50-75% less expensive than offshore technology. 
Although offshore wind has a greater potential to produce energy, approval of a potential offshore 
project will ultimately require overall reliable profitability (Lazard, 2014). Solar is also an 
abundant renewable energy in Australia due to the relatively abundant frequency of sun shine 
throughout most of the island. Although large scale solar farms are both expensive and an under 
developed technology in Australia, there is still a great potential for residential roof top solar 
systems. Solar systems are beneficial for individual households as they provide some financial 
independence from the local grid, which is known to have frequently fluctuating prices for energy 
per kWh. Solar also has a vast potential for the general population of Victoria due to its ease of 
use and access and the lack of professional sophistication required to implement it. Offshore wind 
is financially competitive with hydro energy, biofuels, fuel cells, geothermal energy and some 
forms of solar and photovoltaic energy sources in terms of levelized energy cost.  

When competing with energy alternatives of a similar economic cost other considerations become 
more important such as: the resource required to power it (water, wind, sun, and biological 
material), the abundance and availability of the resource required to power it, the amount of space 
it requires and the disturbance it causes to the natural environment. In terms of the resource, 
offshore wind is faster and more abundant than onshore, it can be used at night without storage 
unlike solar and doesn’t require a physical input like bioenergy. Although the wind blows at 
night, at what velocity and for what length of time is unpredictable and this poses an issue for an 
electrical grid requiring a constant source of energy production. Spatially, offshore wind energy 
is less competitive than other renewable sources. Although it does not require a large amount of 
space, the space it does utilize can disrupt marine life, cause unwanted visual obstruction and 
requires expensive and time consuming means of installment. Most of these undesirable features 
are due to the impressive size and width of the turbines towers, rotors and hubs of modern 
offshore wind turbines. Victoria has a large and well developed hydro energy industry but this 
well-established energy alternative is uncompetitive to the pace and technological development 
of solar and wind technologies within Australia.  
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5.3.6 Benefits to investment in offshore wind technology  

Future cost reductions 

One of the most prominent barriers to offshore wind energy investment despite its efficient ability 
to produce great amounts of power is its cost. According to one report, 200 offshore wind energy 
company executives expect the cost of offshore wind energy development and construction to 
fall to almost a half of what it is today within the next 10 years (PD Ports, 2014) The level of 
efficiency is increasing with drastic reductions in curtailment and inactive turbines which has 
been attributed to new transmission lines and improved grid access over time. These 
improvements have led to a fall in turbine curtailment from 17% to 11% from 2012 to 2013 
(REN21, 2014).  

Technological development 

As offshore wind technology is a relatively modern technology still in development there is 
exciting potential for innovation. There are many exciting innovative opportunities for 
technology and knowledge exchange with company mergers between Mitsubishi from Japan, 
Vestas from Denmark, Areva from France and Gamesa from Spain. The merger was formed to 
establish a joint venture for offshore turbine development (REN21, 2014). There is also a great 
potential for cost competitiveness in the turbine industry as technology and high volume 
manufacturing develops in countries like India and China (Geoscience Australia & ABARE, 
2010).  

There is a large potential for employment as there are many stages of development and 
implementation, the wind energy sector provides 58,000 jobs within the UK alone (REN21, 
2014). Offshore wind has its greatest potential in distant and deep oceanic waters and as 
technology such as floating turbine foundations become available there could be a revolutionary 
increase in implementation and a subsequent decrease in cost. Floating turbines and other 
foundation technologies are being developed globally in countries such as Japan, who have two 
2 MW turbines being tested and the UK who launched a leasing round for floating offshore 
turbines (REN21, 2014). 

Unexploited potential 

Another benefit of offshore wind energy is that average wind velocities are relatively greater than 
on land and usually more frequent and consistent. Turbines can also be larger and taller while 
minimizing visual obstruction and noise pollution to densely populated areas (Messali & 
Diesendorf, 2009). Wind power also has an extremely large penetration potential that is capable 
of providing power for a significant percentage of a nation’s energy requirements. Both Spain 
and Denmark, through a mixture of onshore and offshore wind technology, provide power for 
33.2% and 20.9% of the country’s energy requirements respectively (Boelen, et al., 2010). Wind 
turbines are small in terms of land disturbance, although a large area may be required for a large 
wind farm, a single turbine only disturbs 0.004km2 per MW installed (REN21, 2014).  

Environmental benefits 

The environmental benefits of offshore wind technology in relation to other standard fossil 
alternative technologies are plentiful. The most prominent benefit is the reduction in CO2 

emissions. Wind generated electricity’s carbon dioxide emissions are 80 times less than those 
from standard coal sources and 40 times less than natural gas power production (REN21, 2014). 
Wind turbines can be resource intensive in the development and implementation phase as the 
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technology involved is so large and heavy. Be that as it may, after the initial construction and 
siting of a turbine, ignoring failures or unexpected events, it is able to produce 20-25 years of 
stable sustainable electricity to an electrical grid with negligible CO2 emissions.  

5.4 Limitations and validity of the research  

5.4.1 Limitations and validity of the simulation data 

The wind data utilized in the simulation at the Fawkner Beacon location was extensive and 
detailed but was not without its limitations. Approximately 3% of the hourly wind speed data was 
not provided and so the wind speed was assumed to be 0 m/s at these points, instead of speculating 
on a possible wind speed. The wind speed data is a single average value for a one hour period 
when in real life the wind speed will fluctuate constantly. Although the hourly wind speed is not 
an exact representation of real life, the average value is fairly adequate for the process of 
simulation. The wind speed data was for a single geographical point in Victoria but was 
representative for a potential area of approximately between 21.5 km2 and 98.9 km2. It would 
have been almost impossible to simulate this wind farm using multiple unique wind speed data 
for several points. The wind speed at varying elevations were estimated at various hub heights 
for each turbine. Not only is this a large source of error and uncertainty but it does not take into 
account that the elevation of the swept area will cover a length equal to the entire rotor diameter. 
Therefore the elevated wind data is for a single point elevation and in reality the wind velocity 
would vary significantly from the top of the swept area to the bottom. The data provided was 
between January 1st 2010 and February 26th 2015. The average wind data for 2015 is based on a 
very small sample size of recorded wind velocities and may not be fully representative of the 
average wind velocity data, at that location, for the entire year.  

5.4.2 Limitations and validity of the power curves 

The power curves for each turbine, which were used as the basis for various power calculations, 
were provided by the manufacturer by means of their own research and calculations. Although 
the companies are credible and most likely provide the most accurate power performance 
calculations possible, there is still a conflict of interest with the data. The company seeks to 
maximize profit through sales of their turbines by means of their specifications and power 
abilities. In any case, the power curve output depends on several variables in real life such as air 
density, temperature, wind speed, wind direction, turbulence, and lift and drag forces among 
others and thus it is difficult to definitively determine the exact power output at a single wind 
velocity. In most cases, power curve estimations were assumed constant and included ideal 
conditions for temperature and air density, this information was clearly communicated to the 
reader. In most cases, numerical values were not provided for power output at various velocities 
and instead accurate visual estimations were made based on the provided power curves. In some 
cases the capacity factor estimations based on the available power curves were greater than the 
maximum theoretical capacity factor known as the Betz limit (59.3%). This can either be 
attributed to over estimations in specifications provided by the turbine manufacturer or an error 
in regression equations that overestimate curve height at particular ranges. 

5.4.3 Limitations and validity of the simulation 

The simulation provided useful information that could be easily interpreted and compared with 
the performance of alternative energy sources but was not without its own limitations and sources 
of uncertainties. Many variables were assumed to remain constant that in real life would vary 
drastically over time. These variables include, but are not limited to, air density and air 
temperature at the location. Values used in the economic analysis were all estimated based on 
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recommended values or those deemed likely in a real life scenarios, these values include: discount 
rate, interest rate, maintenance costs, operational costs and investment costs. The sale price of 
electricity and REC’s fluctuate over time and hence will be different for every operational year 
of a wind farm.  

The simulation neglected many considerations that would alter the amount of electricity produced 
in real life including: weathers implication on turbine performance, unexpected events, 
turbulence and disturbances between turbines, grid connection considerations and curtailment. 
Some considerations were not considered such as alternate re-cut in wind speeds. These are 
situations in which the turbine does not begin producing electricity again after exceeding its rated 
winds speed/rated power production until the wind speeds falls a few units below its rated wind 
speed.  

5.4.4 Further study recommended 

The method of simulation for this investigation was suitable for the volume of data to be 
simulated and the objectives of the research but this could be built on with more sophisticated 
simulation platforms. There are several suitable locations within Australia for offshore wind 
energy and a similar study could be performed at these locations. Many of the most suitable 
locations have already been recommended in past literature including Messali & Diesendorf 
(2009). There could be more specialized and comprehensive investigation into the sustainability 
of the political, social, environmental and economic considerations in relation to renewable 
energy and climate change abatement within Australia.  

Australia is a very advanced nation in many respects and yet it lacks behind in renewable energy 
development and implementation and so any literature that contributes to advancing its 
sustainable energy infrastructure is of great value. There is a great potential for harnessing 
renewable energies within Australia and any research or development in the sustainability field 
could benefit the nation immensely. There is a strong potential for Australia to become an 
advanced renewable energy nation due to several factors such as: a vast coast line for offshore 
and tidal energy, an almost year round frequency of sun shine in some locations for solar energy, 
vast and varied isolated landscapes ideal for onshore wind energy and an abundant and unique 
flora that could be utilized in various biofuels and bioenergy. 
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6 Conclusion 

There is a feasible potential to implement offshore wind energy technology off the coasts of the 
Australian state of Victoria. By utilizing specific turbine makes and models, in specific locations, 
a wind farm can be operated at a net present profit by the conclusion of its recommended 
commissioned life. There is a vast potential to produce a great amount of electrical power to the 
Victorian energy grid using specific turbine makes and models. The specifications of the most 
appropriate turbines for the Port Phillip Bay location required to maximize power production 
include: IEC III A & B classifications, low rated wind speeds at 11m/s or below, rated powers of 
around 2-2.5 MW and also relatively large hub heights and swept areas. 11 turbines were 
simulated in the most appropriate location in Victoria and 2 were found to operate with a positive 
net present value after 25 years, these turbines include the Goldwind GW 121/2500 and the 
Shanghai Electric W2000/105.  

There are various factors that can potentially increase the potential for offshore wind technology 
over time including, but not limited to: Technology development, cost reductions, grid 
connections improvements, super-conducting turbine technology, floating head turbine 
foundations, increased cost competitiveness, increase of social demand for renewable technology 
and policy changes in renewable energy targets. The Victorian coast has a vast area of suitable 
locations for offshore wind technology, especially around the Port Phillip Bay location where 
wind speeds are most desirable. It has been concluded that 30 turbines could operate at an 
economic profit and produce great amounts of electricity. If this number was feasible to increase 
over time, it could provide electricity for a greater percentage of the Victorian population and 
increase the profit margin.  

Although there is a potential to implement offshore wind technology in Victoria, Australia, it will 
face great difficulty in seeking approval and commissioning due to various factors. One such 
factor is the exuberant current estimated initial investment costs for the technology. Also the 
profit margin and present value is relatively minimal in relation to the required investment. The 
profitability is also reliant on relatively higher electricity sale prices, which in a real life scenario, 
have varying market fluctuations that are unpredictable and difficult to forecast. The profitability 
is also heavily reliable on the renewable certificate scheme in Victoria, which has a varying value 
subject to market fluctuations and can eventually be revoked by the national government of 
Australia. 

Offshore wind technology has relatively few environmental disadvantages compared to 
alternative energy technologies but does have various social disadvantages such as: visual 
pollution, sounds pollution, obstruction of transport routes, obstruction to marine wildlife and 
obstruction to bird wildlife. This technology is currently not as financially competitive as most 
traditional fossil energy alternatives and various renewable energies. The largest competitor with 
offshore wind technology is onshore wind technology which has one of the smallest levelized 
costs of any known proven energy source. The potential for offshore wind technology will 
increase drastically after Victoria has eventually exhausted all of its suitable onshore wind farm 
locations. 
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Appendix A Supplementary economic data 

A1 Investment cost estimation 

Source Price Variable 
2014 

AUD$/kW 

2014 

USD$/kW 

2014 

EUR€/kW 

2014 

GBP£/kW 

INRENA, 

2012 
2010 USD$/kW      

 4000 Installation cost low 4885.49 4342.66 3032.05 2685.50 
 4500 Installation cost high 5496.19 4885.50 3549.80 2948.40 

REN21, 

2014 
2013 USD$/kW      

 4500 Installation cost low 5144.63 4573.00 3322.74 2759.81 
 5500 Installation cost high 6287.87 5589.22 4061.13 3373.09 

DBCCA, 

2011 
2011 GBP£/kW      

 2400 installation cost low 4902.41 4357.99 3166.58 2630.05 
 3400 installation cost high 5764.72 5124.54 3723.56 3092.66 

Renewable 

UK, 2011 
2011 GBP£/kW      

 3000 
Installation cost 

average 
5865.26 5213.92 3788.51 3146.60 

 Average: 5526.48 4912.59 3554.11 2972.84 
Appendix Table A1. Investment cost estimation 
* (DBCCA, 2011; Renewable UK, 2011; IRENA, 2012; REN21, 2014) 
 
A2 Average LCOE cost estimation 

Source Price Variable 
2014 

AUD$ 

2014 

USD$ 

2014 

EUR€ 

2014 

GBP£ 

INRENA, 2012 
2010 

USD$/kWh 
     

 0.14 LCOE low 0.17 0.15 0.11 0.09 
 0.19 LCOE high 0.23 0.21 0.14 0.13 

Fraunhofer, 2013 
2013 

EUR$/kwh 
     

 0.12 LCOE low 0.19 0.17 0.12 0.10 
 0.195 LCOE high 0.30 0.27 0.20 0.16 

REN21, 2014 2013 USD$/kW      
 0.15 LCOE low 0.17 0.15 0.11 0.09 
 0.23 LCOE high 0.26 0.23 0.16 0.14 

Renewable UK, 2011 
2011 

GBP£/kWh 
     

 0.157 
LCOE 

average 
0.31 0.27 0.20 0.16 

 Average: 0.24 0.22 0.15 0.13 
 
Appendix Table A2. LCOE Cost estimation 
* (Renewable UK, 2011; IRENA, 2012; Fraunhofer ISE, 2013; REN21, 2014) 
 
 

 



53 
 

A3 Currency conversions 2010-2015 
 AUD $ USD $ Euro € Pound £ 

2015 1 0.7609 0.675 0.5244 
2014 1 0.8888 0.6459 0.5365 
2013 1 1.039 0.7863 0.6389 
2012 1 1.022 0.7896 0.6588 
2011 1 1.022 0.7652 0.655 
2010 1 0.8973 0.6264 0.5549 

Appendix Table A3.1. Currency conversion tables for AUD 2010-2015 
* (XE, 2015)                 
 

 Euro € AUD $ USD $ Pound £ 

2015 1 1.481 1.21 0.7768 
2014 1 1.548 1.376 0.8305 
2013 1 1.272 1.321 0.8125 
2012 1 1.266 1.295 0.8338 
2011 1 1.307 1.336 0.8572 
2010 1 1.596 1.432 0.8858 

Appendix Table A3.2. Currency conversion tables for Euro 2010-2015 
* (XE, 2015)               
 

 Pound £ AUD $ USD $ Euro € 

2015 1 1.907 1.558 1.288 
2014 1 1.864 1.657 1.204 
2013 1 1.565 1.626 1.231 
2012 1 1.518 1.551 1.199 
2011 1 1.527 1.561 1.169 
2010 1 1.802 1.617 1.128 

Appendix Table A3.3. Currency conversion tables for British Pound 2010-2015 
* (XE, 2015)               
 

 USD $ AUD $ Euro € Pound £ 

2015 1 1.224 0.8262 0.6418 
2014 1 1.125 0.7266 0.6035 
2013 1 0.9628 0.7571 0.6151 
2012 1 0.9765 0.7725 0.6445 
2011 1 0.9784 0.7617 0.6406 
2010 1 1.115 0.6982 0.6184 

Appendix Table A3.4. Currency conversion tables for USD 2010-2015 
* (XE, 2015)               
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Appendix B Supplementary simulation data 

B1 Windtec SeaTitan 10 MW 

Wind speed Power Equation 
% Maximum 

output 

Max power 

theoretical 
Cp 

m/s kW   kW  
1 0 0 0.00% 16.83050895 0.00% 
2 0 0 0.00% 134.6440716 0.00% 
3 0 0 0.00% 454.4237415 0.00% 
4 350 y=-2650+750x 3.50% 1077.152573 32.49% 
5 1100 y=-2650+750x 11.00% 2103.813618 52.29% 

6.2 2000.003 y=-2650+750x 20.00% 4011.181536 49.86% 
7 3265.309 y=2812.5+625x 32.65% 5772.864568 56.56% 
8 4846.942 y=2812.5+625x 48.47% 8617.22058 56.25% 
9 6428.575 y=2812.5+625x 64.29% 12269.44102 52.40% 

10 8010.208 y=2812.5+625x 80.10% 16830.50895 47.59% 
11.1 9750.004 y=2812.5+625x 97.50% 23017.92578 42.36% 
11.5 10000 y=2812.5+625x 100.00% 25597.10029 39.07% 
12 10000 10000 100.00% 29083.11946 34.38% 
13 10000 10000 100.00% 36976.62815 27.04% 
14 10000 10000 100.00% 46182.91655 21.65% 
15 10000 10000 100.00% 56802.96769 17.60% 
16 10000 10000 100.00% 68937.76464 14.51% 
17 10000 10000 100.00% 82688.29045 12.09% 
18 10000 10000 100.00% 98155.52817 10.19% 
19 10000 10000 100.00% 115440.4609 8.66% 
20 10000 10000 100.00% 134644.0716 7.43% 
21 10000 10000 100.00% 155867.3433 6.42% 
22 10000 10000 100.00% 179211.2593 5.58% 
23 10000 10000 100.00% 204776.8023 4.88% 
24 10000 10000 100.00% 232664.9557 4.30% 
26 0 10000 0.00% 295813.0252 0.00% 

Appendix Table B1. Detailed summary of the power specification estimations for the Windtec SeaTitan 10 MW turbine 
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B2 Vestas V164-8.0 MW 

Wind speed Power Equation 
% Maximum 

output 

Max power 

theoretical 
Cp 

m/s kW   kW  
1 0 0 0.00% 16.83050895 0.00% 
2 0 0 0.00% 134.6440716 0.00% 
3 0 0 0.00% 454.4237415 0.00% 
4 350 y=-2650+750x 3.50% 1077.152573 32.49% 
5 1100 y=-2650+750x 11.00% 2103.813618 52.29% 

6.2 2000.003 y=-2650+750x 20.00% 4011.181536 49.86% 
7 3265.309 y=2812.5+625x 32.65% 5772.864568 56.56% 
8 4846.942 y=2812.5+625x 48.47% 8617.22058 56.25% 
9 6428.575 y=2812.5+625x 64.29% 12269.44102 52.40% 

10 8010.208 y=2812.5+625x 80.10% 16830.50895 47.59% 
11.1 9750.004 y=2812.5+625x 97.50% 23017.92578 42.36% 
11.5 10000 y=2812.5+625x 100.00% 25597.10029 39.07% 
12 10000 10000 100.00% 29083.11946 34.38% 
13 10000 10000 100.00% 36976.62815 27.04% 
14 10000 10000 100.00% 46182.91655 21.65% 
15 10000 10000 100.00% 56802.96769 17.60% 
16 10000 10000 100.00% 68937.76464 14.51% 
17 10000 10000 100.00% 82688.29045 12.09% 
18 10000 10000 100.00% 98155.52817 10.19% 
19 10000 10000 100.00% 115440.4609 8.66% 
20 10000 10000 100.00% 134644.0716 7.43% 
21 10000 10000 100.00% 155867.3433 6.42% 
22 10000 10000 100.00% 179211.2593 5.58% 
23 10000 10000 100.00% 204776.8023 4.88% 
24 10000 10000 100.00% 232664.9557 4.30% 
26 0 10000 0.00% 295813.0252 0.00% 

Appendix Table B2. Detailed summary of the power specification estimations for the Vestas V164-8.0 MW turbine 
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B3 Senvion 6.2M152 

Wind speed Power Equation 
% Maximum 

output 

Max power 

theoretical 
Cp 

m/s kW   kW  
1 0 0 0.00% 10.80232586 0.00% 
2 0 0 0.00% 86.41860686 0.00% 

3.5 0 0 0.00% 463.1497212 0.00% 
4 200 y=-1400+400x 3.23% 691.3488549 28.93% 
5 600 y=-1400+400x 9.68% 1350.290732 44.43% 
6 1000 y=-1400+400x 16.13% 2333.302385 42.86% 
7 1725 y=-3350+725x 27.82% 3705.197769 46.56% 
8 2450 y=-3350+725x 39.52% 5530.790839 44.30% 

9 3521.432 y=-
6121.429+1071.429x 56.80% 7874.89555 44.72% 

10 4592.861 y=-
6121.429+1071.429x 74.08% 10802.32586 42.52% 

11.5 6200.005 y=-
6121.429+1071.429x 100.00% 16428.98734 37.74% 

12 6200 6200 100.00% 18666.41908 33.21% 
13 6200 6200 100.00% 23732.70991 26.12% 
14 6200 6200 100.00% 29641.58215 20.92% 
15 6200 6200 100.00% 36457.84977 17.01% 
16 6200 6200 100.00% 44246.32671 14.01% 
17 6200 6200 100.00% 53071.82694 11.68% 
18 6200 6200 100.00% 62999.1644 9.84% 
19 6200 6200 100.00% 74093.15306 8.37% 
20 6200 6200 100.00% 86418.60686 7.17% 
21 6200 6200 100.00% 100040.3398 6.20% 
22 6200 6200 100.00% 115023.1657 5.39% 
23 6200 6200 100.00% 131431.8987 4.72% 
24 6200 6200 100.00% 149331.3527 4.15% 
25 6200 6200 100.00% 168786.3415 3.67% 
26 0 6200 0.00% 189861.6793 0.00% 

Appendix Table B3. Detailed summary of the power specification estimations for the Senvion 6.2M152 turbine 
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B4 Aerodyn aM 5.0-139  

Wind speed Power Equation 
% Maximum 

output 

Max power 

theoretical 
Cp 

m/s kW   kW  
1 0 0 0.00% 9.033687584 0.00% 
2 0 0 0.00% 72.26950067 0.00% 
3 0 0 0.00% 243.9095648 0.00% 
4 117.1 y=-1126.5+310.9x 2.34% 578.1560054 20.25% 
5 428 y=-1126.5+310.9x 8.56% 1129.210948 37.90% 
6 1131.38 y=-3088.9+703.38x 22.63% 1951.276518 57.98% 
7 1834.76 y=-3088.9+703.38x 36.70% 3098.554841 59.21% 
8 2538.14 y=-3088.9+703.38x 50.76% 4625.248043 54.88% 
9 3241.52 y=-3088.9+703.38x 64.83% 6585.558249 49.22% 

10 3944.9 y=-3088.9+703.38x 78.90% 9033.687584 43.67% 
11.8 5000.004 y=1694.31+27.79x 100.00% 14842.63778 33.69% 
12 5000 5000 100.00% 15610.21214 32.03% 
13 5000 5000 100.00% 19847.01162 25.19% 
14 5000 5000 100.00% 24788.43873 20.17% 
15 5000 5000 100.00% 30488.6956 16.40% 
16 5000 5000 100.00% 37001.98434 13.51% 
17 5000 5000 100.00% 44382.5071 11.27% 
18 5000 5000 100.00% 52684.46599 9.49% 
19 5000 5000 100.00% 61962.06314 8.07% 
20 5000 5000 100.00% 72269.50067 6.92% 
21 5000 5000 100.00% 83660.98071 5.98% 
22 5000 5000 100.00% 96190.70539 5.20% 
23 5000 5000 100.00% 109912.8768 4.55% 
24 5000 5000 100.00% 124881.6972 4.00% 
25 5000 5000 100.00% 141151.3685 3.54% 
26 0 0 0.00% 158776.093 0.00% 

Appendix Table B4. Detailed summary of the power specification estimations for the Aerodyn aM 5.0-139 turbine 
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B5 Vestas V112 3.3 MW 

Wind speed Power Equation 
% Maximum 

output 

Max power 

theoretical 
Cp 

m/s kW   kW  
1 0 0 0.00% 5.875612927 0.00% 
2 0 0 0.00% 47.00490342 0.00% 
3 0 y=-675+225x 0.00% 158.641549 0.00% 
4 225 y=-675+225x 6.82% 376.0392273 59.83% 
5 450 y=-675+225x 13.64% 734.4516159 61.27% 
6 675 y=-675+225x 20.45% 1269.132392 53.19% 
7 900.003 y=-675+225x 27.27% 2015.335234 44.66% 
8 1438.465 y=-2869.231+538.462x 43.59% 3008.313819 47.82% 
9 1976.927 y=-2869.231+538.462x 59.91% 4283.321824 46.15% 

10 2515.389 y=-2869.231+538.462x 76.22% 5875.612927 42.81% 
11 3000 y=-2869.231+538.462x 90.91% 7820.440806 38.36% 
12 3150 y=1350+150x 95.45% 10153.05914 31.03% 
13 3300 y=1350+150x 100.00% 12908.7216 25.56% 
14 3300 3300 100.00% 16122.68187 20.47% 
15 3300 3300 100.00% 19830.19363 16.64% 
16 3300 3300 100.00% 24066.51055 13.71% 
17 3300 3300 100.00% 28866.88631 11.43% 
18 3300 3300 100.00% 34266.57459 9.63% 
19 3300 3300 100.00% 40300.82907 8.19% 
20 3300 3300 100.00% 47004.90342 7.02% 
21 3300 3300 100.00% 54414.05132 6.06% 
22 3300 3300 100.00% 62563.52645 5.27% 
23 3300 3300 100.00% 71488.58248 4.62% 
24 3300 3300 100.00% 81224.47311 4.06% 
25 3300 3300 100.00% 91806.45199 3.59% 
26 0 0 0.00% 103269.7728 0.00% 

Appendix Table B5. Detailed summary of the power specification estimations for the Vestas V112-3.3 MW turbine 
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B6 Vestas V112 3.0 MW 

Wind speed Power Equation 
% maximum 

output 

Max power 

theoretical 
Cp 

m/s kW   kW  
1 0 0 0.00% 5.868916399 0.00% 
2 0 0 0.00% 46.95133119 0.00% 
3 15 y=-510+175x 0.50% 158.4607428 9.47% 
4 190 y=-510+175x 6.33% 375.6106496 50.58% 
5 365 y=-510+175x 12.17% 733.6145499 49.75% 
6 540.002 y=-2410+491.667x 18.00% 1267.685942 42.60% 
7 1031.669 y=-2410+491.667x 34.39% 2013.038325 51.25% 
8 1523.336 y=-2410+491.667x 50.78% 3004.885196 50.70% 
9 2015.003 y=-2410+491.667x 67.17% 4278.440055 47.10% 

10 2506.67 y=-2410+491.667x 83.56% 5868.916399 42.71% 
11 2916.663 y=2000+83.333x 97.22% 7811.527728 37.34% 
12 3000 3000 100.00% 10141.48754 29.58% 
13 3000 3000 100.00% 12894.00933 23.27% 
14 3000 3000 100.00% 16104.3066 18.63% 
15 3000 3000 100.00% 19807.59285 15.15% 
16 3000 3000 100.00% 24039.08157 12.48% 
17 3000 3000 100.00% 28833.98627 10.40% 

18 3000 3000 100.00% 
34227.brown 

coal 
44 

8.76% 

19 3000 3000 100.00% 40254.89758 7.45% 
20 3000 3000 100.00% 46951.33119 6.39% 
21 3000 3000 100.00% 54352.03477 5.52% 
22 3000 3000 100.00% 62492.22182 4.80% 
23 3000 3000 100.00% 71407.10583 4.20% 
24 3000 3000 100.00% 81131.9003 3.70% 
25 3000 3000 100.00% 91701.81874 3.27% 
26 0 0 0.00% 103152.0746 0.00% 

Appendix Table B6. Detailed summary of the power specification estimations for the Vestas V112-3.0 MW turbine 
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B7 Goldwind GW 121/2500 

Wind speed 

 
Power Equation 

% Maximum 

output 

Max power 

theoretical 
Cp 

m/s kW   kW  
1 0 0 0.00% 6.902511205 0.00% 
2 0 0 0.00% 55.22008964 0.00% 
3 0 y=-600+200x 0.00% 186.3678025 0.00% 
4 200 y=-600+200x 8.00% 441.7607171 45.27% 
5 400 y=-600+200x 16.00% 862.8139006 46.36% 
6 700 y=-1100+300x 28.00% 1490.94242 46.95% 
7 1000 y=-2920+560x 40.00% 2367.561343 42.24% 
8 1560 y=-2920+560x 62.40% 3534.085737 44.14% 

9.5 2400 y=-2920+560x 96.00% 5918.040544 40.55% 
10.7 2499.996 y=1608.333+83.333x 100.00% 8455.873034 29.57% 
11 2500 2500 100.00% 9187.242414 27.21% 
12 2500 2500 100.00% 11927.53936 20.96% 
13 2500 2500 100.00% 15164.81712 16.49% 
14 2500 2500 100.00% 18940.49075 13.20% 
15 2500 2500 100.00% 23295.97532 10.73% 
16 2500 2500 100.00% 28272.6859 8.84% 
17 2500 2500 100.00% 33912.03755 7.37% 
18 2500 2500 100.00% 40255.44535 6.21% 
19 2500 2500 100.00% 47344.32435 5.28% 
20 2500 2500 100.00% 55220.08964 4.53% 
21 2500 2500 100.00% 63924.15627 3.91% 
22 2500 2500 100.00% 73497.93931 3.40% 
23 0 0 0.00% 83982.85383 0.00% 
24 0 0 0.00% 95420.3149 0.00% 
25 0 0 0.00% 107851.7376 0.00% 
26 0 0 0.00% 121318.5369 0.00% 

Appendix Table B7. Detailed summary of the power specification estimations for the Goldwind GW 121/2500 turbine 
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B8 Nordex N90-2300 

Wind speed Power Equation 
% Maximum 

output 

Max power 

theoretical 
Cp 

m/s kW   kW  
1 0 0 0.00% 3.785143988 0.00% 
2 0 0 0.00% 30.28115191 0.00% 
3 0 y=-105+35x 0.00% 102.1988877 0.00% 
4 35 y=-105+35x 1.52% 242.2492152 14.45% 
5 175 y=-525+140x 7.61% 473.1429985 36.99% 
6 352 y=-1202+259x 15.30% 817.5911014 43.05% 
7 580 y=-1202+259x 25.22% 1298.304388 44.67% 
8 870 y=-1202+259x 37.83% 1937.993722 44.89% 
9 1237 y=-2142+376.5x 53.78% 2759.369967 44.83% 

10 1623 y=-2142+376.5x 70.57% 3785.143988 42.88% 
11 2012 y=-2267+389x 87.48% 5038.026648 39.94% 
12 2230 y=428+144x 96.96% 6540.728812 34.09% 
13 2300 y=428+144x 100.00% 8315.961342 27.66% 
14 2300 2300 100.00% 10386.4351 22.14% 
15 2300 2300 100.00% 12774.86096 18.00% 
16 2300 2300 100.00% 15503.94978 14.83% 
17 2300 2300 100.00% 18596.41241 12.37% 
18 2300 2300 100.00% 22074.95974 10.42% 
19 2300 2300 100.00% 25962.30261 8.86% 
20 2300 2300 100.00% 30281.15191 7.60% 
21 2300 2300 100.00% 35054.21847 6.56% 
22 2300 2300 100.00% 40304.21319 5.71% 
23 2300 2300 100.00% 46053.8469 4.99% 
24 2300 2300 100.00% 52325.83049 4.40% 
25 2300 2300 100.00% 59142.87481 3.89% 
26 0 0 0.00% 66527.69074 0.00% 

Appendix Table B8. Detailed summary of the power specification estimations for the Nordex N90-2300 turbine 
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B9 Siemens SWT-2.3 93 

Wind speed Power Equation 
% Maximum 

output 

Max power 

theoretical 
Cp 

m/s kW   kW  
1 0 0 0.00% 4.769548924 0.00% 
2 0 0 0.00% 38.15639139 0.00% 
3 0 0 0.00% 128.7778209 0.00% 
4 0 y=-800+200x 0.00% 305.2511311 0.00% 
5 200 y=-800+200x 8.70% 596.1936155 33.55% 
6 462.5 y=-1112.5+262.5x 20.11% 1030.222568 44.89% 
7 725 y=-1112.5+262.5x 31.52% 1635.955281 44.32% 
8 987.5 y=-1112.5+262.5x 42.93% 2442.009049 40.44% 
9 1250 y=-1112.5+262.5x 54.35% 3477.001166 35.95% 

10 1512.5 y=-1112.5+262.5x 65.76% 4769.548924 31.71% 
11 1775 y=-1112.5+262.5x 77.17% 6348.269618 27.96% 
12 2037.5 y=-1112.5+262.5x 88.59% 8241.780541 24.72% 
13 2300 2300 100.00% 10478.69899 21.95% 
14 2300 2300 100.00% 13087.64225 17.57% 
15 2300 2300 100.00% 16097.22762 14.29% 
16 2300 2300 100.00% 19536.07239 11.77% 
17 2300 2300 100.00% 23432.79386 9.82% 
18 2300 2300 100.00% 27816.00932 8.27% 
19 2300 2300 100.00% 32714.33607 7.03% 
20 2300 2300 100.00% 38156.39139 6.03% 
21 2300 2300 100.00% 44170.79258 5.21% 
22 2300 2300 100.00% 50786.15694 4.53% 
23 2300 2300 100.00% 58031.10176 3.96% 
24 2300 2300 100.00% 65934.24432 3.49% 
25 2300 2300 100.00% 74524.20194 3.09% 
26 0 0 0.00% 83829.59189 0.00% 

Appendix Table B9. Detailed summary of the power specification estimations for the Siemens SWT-2.9 93 turbine 
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D10 Shanghai Electric W2000/105 

Wind speed Power Equation 
% Maximum 

output 

Max power 

theoretical 
Cp 

m/s kW   kW  
1 0 0 0.00% 5.151770166 0.00% 
2 0 0 0.00% 41.21416132 0.00% 
3 0 y=-318.3+106.1x 0.00% 139.0977945 0.00% 
4 106.1 y=-318.3+106.1x 5.31% 329.7132906 32.18% 
5 212.2 y=-318.3+106.1x 10.61% 643.9712707 32.95% 
6 564.202 y=-1547.81+352.002x 28.21% 1112.782356 50.70% 
7 916.204 y=-1547.81+352.002x 45.81% 1767.057167 51.85% 
8 1268.206 y=-1547.81+352.002x 63.41% 2637.706325 48.08% 
9 1620.208 y=-1547.81+352.002x 81.01% 3755.640451 43.14% 

10 1972.21 y=-1547.81+352.002x 98.61% 5151.770166 38.28% 
11 1994.5 y=1694.31+27.79x 99.73% 6857.00609 29.09% 
12 2000 2000 100.00% 8902.258846 22.47% 
13 2000 2000 100.00% 11318.43905 17.67% 
14 2000 2000 100.00% 14136.45733 14.15% 
15 2000 2000 100.00% 17387.22431 11.50% 
16 2000 2000 100.00% 21101.6506 9.48% 
17 2000 2000 100.00% 25310.64682 7.90% 
18 2000 2000 100.00% 30045.12361 6.66% 
19 2000 2000 100.00% 35335.99157 5.66% 
20 2000 2000 100.00% 41214.16132 4.85% 
21 0 0 0.00% 47710.5435 0.00% 
22 0 0 0.00% 54856.04872 0.00% 
23 0 0 0.00% 62681.5876 0.00% 
24 0 0 0.00% 71218.07077 0.00% 
25 0 0 0.00% 80496.40884 0.00% 
26 0 0 0.00% 90547.51243 0.00% 

Appendix Table B10. Detailed summary of the power specification estimations for the Shanghai Electric W2000/105 turbine 
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D11 China Energine CE 2 MW 

Wind speed Power Equation 
% Maximum 

output 

Max power 

theoretical 
Cp 

m/s kW   kW  
1 0 0 0.00% 4.05482561 0.00% 
2 0 0 0.00% 32.43860488 0.00% 

3.5 0 y=-466.667+133.333x 0.00% 173.850648 0.00% 
4 66.665 y=-466.667+133.333x 3.33% 259.508839 25.69% 
5 199.998 y=-466.667+133.333x 10.00% 506.8532012 39.46% 
6 470 y=-1150+270x 23.50% 875.8423317 53.66% 
7 740 y=-1150+270x 37.00% 1390.805184 53.21% 
8 1010 y=-1150+270x 50.50% 2076.070712 48.65% 

9.5 1415 y=-1150+270x 70.75% 3476.506107 40.70% 
10.7 1739 y=-1150+270x 86.95% 4967.335729 35.01% 
11 1820 y=-1150+270x 91.00% 5396.972886 33.72% 
12 2000 y=-160+180 100.00% 7006.738654 28.54% 
13 2000 2000 100.00% 8908.451864 22.45% 
14 2000 2000 100.00% 11126.44147 17.98% 
15 2000 2000 100.00% 13685.03643 14.61% 
16 2000 2000 100.00% 16608.5657 12.04% 
17 2000 2000 100.00% 19921.35822 10.04% 
18 2000 2000 100.00% 23647.74296 8.46% 
19 2000 2000 100.00% 27812.04886 7.19% 
20 2000 2000 100.00% 32438.60488 6.17% 
21 2000 2000 100.00% 37551.73997 5.33% 
22 2000 2000 100.00% 43175.78309 4.63% 
23 2000 2000 100.00% 49335.06319 4.05% 
24 2000 2000 100.00% 56053.90923 3.57% 
25 2000 2000 100.00% 63356.65015 3.16% 
26 0 0 0.00% 71267.61492 0.00% 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




