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1.0 PROJECT OVERVIEW 

The GOWind Project’s main objectives are to (1) install and operate three technically 
advanced wind turbines upon jacket-type substructures engineered for an environment 
that may expose the development to tropical storm (hurricane) conditions during its 
operating life, and (2) demonstrate that a further commercial scale venture can be viable 
without the benefit of U.S. Department of Energy  (DOE) funding or a similar revenue 
support mechanism. 

Although a major source of carbon-free energy, the cost to consumers of offshore wind 
development has been criticized in the US and Europe. The capital requirements for 
commercial or utility scale developments are significant, and therefore, in order to attract 
the necessary capital, an important objective for the offshore industry is to demonstrate 
rapid cost-reduction strategies. The general approach to financing both on and offshore 
wind development is utilizing project finance. In order to attract equity and debt to the 
project, the project must be able to demonstrate a reasonable return on investment.  

The above objectives represent exacting demands on the GOWind Project. However, 
the project benefits by the provision of grant funding from the DOE. The grant provides a 
sizeable capital offset to compensate for the lack of opportunity for economies of scale 
and the resultant commercial leverage that ordinarily can be derived by larger, 
commercial or utility scale projects.  

Baryonyx intends to achieve these objectives by deployment of modern Permanent 
Magnet, Direct-Drive (PMDD) turbines in large multi-megawatt capacity mounted on 
improved jacket type sub-structures.  With the robust wind resource in the Gulf of Mexico 
this will result in improved Net Capacity Factors (NCF).  

With any offshore wind project it is vital to preserve options or future-proof the 
development to account for changes in technology.  GOWind is permitting a physical 
envelope that height-wise can accommodate up to an 8MW wind turbine generator 
(WTG), and correspondingly, has received Determinations of No Hazard from the 
Federal Aviation Administration for up to 650’ above mean sea level.  The GOWind 
Project can therefore accommodate WTGs of 4MW, 6MW, 7MW and 8MW nameplate 
capacity, allowing GOWind to optimize both the energy resource and the capital 
expenses (CAPEX). This strategy of permitting allows Baryonyx to remain nimble and 
therefore able to engender competition between turbines suppliers to help maintain a 
downward pressure on capital cost.  The largest line item in the CAPEX budget for a 
wind project is the WTG cost; therefore, naturally the largest reduction in LCOE can be 
made through a reduction in a project’s WTG cost. Baryonyx’s optimal development is 
the deployment of three, 6MW turbines as a precursor to deployment of a further 
commercial scale project utilizing either the 6, 7 or 8MW WTG in the 2018/2020 time 
frame, subject to permits and financing.  

Baryonyx received indicative non-binding verbal pricing from Siemens for the 6.0MW-
154m WTG, and written non-binding pricing for the 4.0MW-130M WTG (attached hereto 
as Appendix A). The 4.0-130 turbine offers an alternative to the larger turbines and 
produces a higher NCF than the larger WTGs. In BP 2, GOWind will examine in detail 
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the economics of a trade-off between the smaller machine that produces a higher NCF 
against the larger turbine with fewer structures. 

In BP1 Baryonyx obtained wind yield analyses for both the Siemens 6.0-1504 and 
Alstom 150-6MW WTG (Appendix B). Either turbine can be accommodated on the 
proposed jacket substructure. Indicative pricing was obtained from Siemens at 
$3,400,000/ MW for small-scale turbine orders and down to $1,700,000/MW for large 
scale orders. In a published article (Recharge News, January 2014) it was stated that 
Siemens had contracted with Statoil and Stakraft in respect of the UK Dudgeon Offshore 
Wind Farm to supply 67, 6.0 MW turbines in two contracts worth £516 M GBP. This 
equates to a price of $2,050,000/ MW or $12,030,000 per turbine.   

It is Baryonyx's plan to formally tender for wind turbine supply after the down-select 
process. Should GOWind remain in the process post-select we will seek issue a tender 
invitation to both Siemens and Alstom. In the interim, on the basis of both public 
information and market intelligence we are using $12.80 M USD as the base price for a 
6MW turbine. 

Since neither the Samsung 7MW nor the Vestas V164-8.0 WTGs have been proven in 
the field, it is unlikely that either will be financeable in the time required for the 
demonstration project.   Both the Samsung and Vestas WTGs remain candidates for the 
build-out of the commercial scale project adjacent to GOWind. 

The FEED work to date has been based on the Siemens 6.0-154 turbine. At the 50% 
FEED level any fine-tuning to accommodate one turbine over another incurs no 
substantial cost change and therefore GOWind is able to maintain commercial flexibility 
at this stage.  

At the time of submission of this report, the GOWind Project is carrying forward two sub-
structure or ‘jacket’ designs prepared to the 50% FEED level: the plated transition piece 
four-legged design prepared by ODE and the ‘twisted’ jacket designed by Keystone 
Engineering.  

In reserve GOWind engaged in discussions with the Offshore Wind Power Systems of 
Texas LLC for deployment of the Titan 200, a self-installing jack-up substructure.  The 
Titan, if certified, would potentially enable a turbine to be erected in port, floated out to 
the field and jacked up for service. This sub-structure obviates the need for a heavy lift 
crane barge and so, on a fully installed basis, this unit is cost competitive with the jacket 
structures. 

Through investigation into the WTG market place Baryonyx arrived at a WTG price of 
$2,125,000/MW for alternative 6MW WTGs, this revised assumption lowers the CAPEX 
by $18,750,000 over initial 6MW pricing received. Securing a substantial reduction in 
CAPEX due to consideration of an alternate supplier is a huge benefit to the project as 
we approach the ERCOT market to secure power off-take. By proposing to sell electricity 
into the ERCOT market, GOWind has to be able to meet economic imperatives dictated 
by one of the most competitive electricity markets in the world. In ERCOT natural gas 
provides the majority of the power demand (54% in 2013, see the ERCOT Market 
Analysis, attached as Exhibit D to the Grid Interconnection Report), greater than any 
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other single resource, and therefore natural gas sets the price of electricity the majority 
of the time.  

Provided GOWind is successful in developing an offshore wind energy project that is 
price competitive in ERCOT the implications for other offshore wind energy projects in 
the US and beyond would be enormous. If other offshore wind energy developments are 
able to replicate the cost savings achieved by GOWind the offshore wind industry 
becomes a legitimate competitor to traditional fossil fuels.  

Given the stated goal of creating a commercially viable offshore wind energy industry it 
is incumbent on GOWind to supply power at as competitive a power price as feasible.  
Texas, ERCOT in particular, is the perfect proving grounds for creating a commercially 
viable industry – ERCOT is an energy only competitive market with some of the lowest 
power prices in the country. Although it is an energy-only market it has found itself 
capacity constrained.  Because the GOWind Project generates coincident with system 
load, unlike West Texas wind, it is a desirable addition to a market flooded by off-peak 
wind.  The table below created by AWS Truepower shows the on-peak nature of the 
coastal profile:  

 
Figure 1.1: AWS Coastal Profile 

Even with this low-priced competitive energy market Texas manages to have the largest 
installed wind capacity in the nation. Texas onshore wind farm developers through 
utilizing the Federal Production Tax Credit (PTC), building utility scale projects, utilizing 
good wind resources, more efficient energy capture with technologically advanced 
turbines, and access to development and construction capital have been able to achieve 
a competitive Levelized Cost of Electricity (LCOE). The GOWind Project is confident that 
it can achieve a LCOE that will be competitive in the ERCOT market through building on 
the lessons learned from onshore wind development in Texas and through utilizing the 
innovative opportunities outlined in the project reports to lower the LCOE 

The keys to commerciality for offshore wind resources are (1) the ability to access a 
superior offshore wind energy resource, maximizing its capture and conversion by use of 
larger, marine multi-megawatt turbines; (2) the ability to constrain the balance of plant 
costs by minimizing the number of offshore installations (while maximizing output); and 
(3) the ability to capitalize on local, well-developed, skilled fabrication and installation 
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capacity.  This combination of attributes will produce a competitive LCOE, as close to 
parity with onshore wind developments and other competing energy resources as 
possible.  

The GOWind Project will use the 6MW WTG to maximize capture of the excellent South 
Texas coastal wind resource. The GOWind Project has an estimated project net capacity 
factor (NCF) in excess of 45%. (see Energy Yield attached as Appendix B). GOWind 
anticipates that the NCF will increase in BP2 as we obtain actual offshore wind 
measurement. The current NCF estimate is based only on an AWS mesoscale study of 
the existing data. Sgurr’s Galion LiDAR has not been deployed long enough to gain any 
true insight into the wind resource.  

With the proximity of the Port of Brownsville, the GOWind Project and the subsequent 
commercial development will benefit from a local, skilled workforce experienced in 
shipbuilding and rig repair. With the active nearby oil and gas activity there are 
numerous vessels already in the Gulf of Mexico that can be retrofit for installation and 
available for maintenance vessels. 

Additionally, during BP1 the GOWind partners made significant strides in reducing both 
the CAPEX and operations expenses (OPEX). With a WTG cost of $38,250,000, the 
estimated CAPEX is $109,901,569 and the OPEX is $33/MWh.   

Through BP1 Baryonyx has been able to successfully conclude that the LCOE for the 
commercial scale project would be a close approximation of the LCOE for the 
demonstration project. The innovations demonstrated so far at the 50% FEED milestone 
of the GOWind Project are significant when scaled up. It shows quite clearly that 
offshore wind development, with the benefit of economies of scale and the ability to site 
in areas of greater wind resources, can be economically viable without grant funding or 
similar capital support mechanisms.  Demonstration of this through the initial GOWind 
Project and a commercial scale build-out would have positive implications for the 
development of the wind resource of the US Continental Shelf and other international 
areas. 

In accordance with the LCOE analysis guidelines, a 500MW development has been 
assessed on Baryonyx’s 41,000 acre Rio Grande site taking advantage of the 
innovations, actual and prospective, encompassed and envisioned for and within the 
GOWind Project. With 80 6MW units, discounted by 25% for serial production, the WTG 
cost is $1,020,000,000 the CAPEX is $1,831,755,810 and the OPEX is $33.00/ MWh. 

1.1  GOWind Budget Period 1 Achievements  

Significant progress was made in Budget Period 1, including the following key 
achievements: 

• Developing the required 50% Front End Engineering Design (FEED) to support 
the economic and financing activity (Sub-Task 1 – Design & FEED); 

• Deploying the Acoustic Thermographic Offshore Monitoring System (ATOM), the 
Galion 2nd Generation Galion LiDAR, and the balloon-borne buoy-mounted 
measurement system, the “tethersonde” (Sub-Task 2 – Innovation) 
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• Advancing the EA and EIS Permits with the U.S. Army Corps of Engineers, 
receiving approvals for buoy installations and geophysical, and obtaining 
Determinations of No Hazard for the 3 turbines from the Federal Aviation 
Administration (Sub-Task 3 – Permitting & Environmental); 

• Completed ERCOT screening study and executed Interconnection Study 
Agreement advancing the grid integration (Sub-Task 4 – Grid Integration) 

• Assembly of wide-ranging expressions of interest from financial institutions and 
business entities for equity and structured project finance as well as off-take 
opportunities. (Sub-Task 5 – LCOE & Economic Analysis). 

1.2 Innovations 

The GOWind Project is actively pursuing a project finance structure, as discussed in 
detail the Finance Plan. Consequently, the extent to which innovation can be introduced 
is governed by what is insurable and bankable. This allows for some major innovations, 
but does not allow for GOWind to employ completely unproven technology as it would 
not be bankable and would likely lead to the GOWind Project not being built for lack of 
funding. Several of the innovations result in direct cost savings to the GOWind Project 
(e.g. wind measurement advances, and plated transition piece (TP)), while others lead to 
a more efficient process that will ultimately lead to cost savings in commercial build out 
of the industry (e.g. noise mitigation, allowing for an expanded construction window). 
Overall the key innovation is developing the design for turbine sub-structures that are 
capable of supporting large multi-megawatt turbines in a significant offshore wind 
resource area and achieving a cost of energy that is comparable with onshore 
developments. Overall, investment returns will largely determine to what extent the wind 
resource of the United States can be developed. The pressure is on the offshore wind 
industry to demonstrate that this form of resource capture can be economically efficient. 
Employment of the more technically sophisticated new generation offshore WTGs with 
direct drive and more efficient and larger blades is key to that objective.  

The innovations are explored in detail in the specific project reports and outlined below: 

• Increasing the U.S. based supply chain (see U.S. Manufacturing Plan attached 
as Appendix C) 

• Tethersonde – balloon-borne buoy mounted offshore wind measurement system 
• Galion LiDAR – 2nd generation scanning LiDAR 
• ATOM – acoustic, thermographic offshore monitoring equipment 
• High-Resolution Aerial Photography 
• ODE Plated Transition Piece 
• Hurricane resistant jacket 
• Large 6 MW direct drive WTG – up to 8MW for commercial build out 
• New noise mitigation equipment utilized during piling 
• Vessel strategy – i.e., floating turbine out fully constructed 
• IMPLAN Socio-Economic Study – attached as Appendix D.  
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1.3 GOWind Path Forward 

In order to move from the concept stage at 50% FEED to operations and 100% FEED on 
or before Q4  2017, the team has developed a high-level work plan, which is attached as 
Appendix E, and discussed in more detail throughout the reports. 

As discussed above, the significance of GOWind is that it derives economic benefit from 
being positioned in an area where, in common with the rest of the Gulf of Mexico and the 
Eastern Seaboard, offshore wind farms need to be capable of operating in tropical storm 
conditions. Ensuring the integrated design for jacket and turbines is fit for that purpose 
will be an on-going task as the FEED is brought to the 100% milestone.  

Sub-Task 1 design activity in Budget Period 1 began the task of ensuring the appropriate 
design codes are employed. Work undertaken by NREL and presented at the AWEA 
Offshore Wind Conference (Appendix F) underlines the need to ensure that the site-
specific physical meteorological conditions encountered over the design life are correctly 
assessed and the design codes and classifications are pertinent to those conditions. 

Built into this work plan are contingencies based on the team’s assessment of risks of 
both non-delivery of the operating offshore wind farm and catastrophic failure once 
installed. One issue of particular importance is assessment of tropical storm or hurricane 
risk.  This assessment is demanding as the vast majority of tropical storm data is 
collected at no more than 10 meters above mean sea level (AMSL) and extrapolation to 
hub height is problematic through a lack of empirical data.  

Given the uncertainty of the data, the project team has faced significant challenges in 
reconciling the American Petroleum Institute (API) and other engineering design codes, 
with IEC Class 1A turbine certification tolerances.  Designing the turbine sub-structures 
in order to maintain structural integrity through these extreme conditions is well 
understood and benefits from much practical experience from the offshore oil and gas 
industry.  However, extrapolation of the wind conditions prevailing at the proposed 110 
meter hub height and up to 185 meters to the tip of rotation is challenging as there has 
been little relevant direct measurement.   Extrapolation to hub height is a significant area 
of focus that will be addressed during the 100% FEED in order to avoid overly 
conservative assessments of the predicted wind speeds. Dealing with these storm 
conditions is an issue that will be critical for the overall development of the US offshore 
wind industry. 

In the next phase of the project, in order to reduce the risk of non-delivery of the offshore 
wind farm and the risk of catastrophic failure once installed, a twin risk reduction strategy 
will continue to be followed.  The two primary risk reduction strategies will be: 

• Further investigation into physical characterisation of wind speeds and gust duration will 
be performed by construction of an atmospheric model grounded in existing data from 
multiple sources within the Gulf of Mexico proximal to the demonstration site, 

• Evaluation of alternative technical solutions such as employment of smaller capacity 
turbines, such as the Siemens 4.0-130 deemed to have enhanced capability for dealing 
with extended gust periods.  
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1.4 500 MW Commercial Scale Project  

In addition to the base case 500MW commercial build out with a 6MW turbine, the Rio 
Grande project proposed consent envelope permits the deployment of new market 
entrants such as the 7 and 8 MW turbines.  

The Work completed in BP1 has lain a sound foundation to be built on in BP2 and 
beyond to construction. The GOWind Project is aggressively working in a challenging 
economic environment, with physical conditions that are at the outer limits of the current 
design codes and certifications imposed by metocean conditions (notably tropical storm 
(hurricane) occurrence) – with a stated goal of expanding those limits.  GOWind has the 
potential to demonstrate how to open up millions of acres of the US Continental Shelf 
offshore wind resource to be developed through a) demonstrating solutions for operating 
with significant windstorm risk, b) introducing the jacket sub-structure for use in water 
depths up to approximately 60 meters and c) delivering energy at a competitive price. 

2.0 SUMMARY OF CONTENT 

2.1 Design 

The GOWind Project is located in a site that may be exposed to tropical storm 
conditions. It is recognised that assessment of risk to WTGs in these tropical storm 
conditions presents a challenge as the vast majority of empirical data for tropical storm 
conditions has been collected at no more than 10 meters above mean sea level (AMSL). 
Extrapolation to hub height is a significant area of focus that will be addressed during the 
100% FEED in order to avoid overly conservative assessments of the predicted wind 
speeds. Dealing with these storm conditions is an issue that will be critical for the overall 
development of the US offshore wind industry so the work done at this stage is an 
important step in this process.  

Offshore Design Engineering Ltd (ODE) was responsible for the 50% FEED design.  
Input was provided by the project partners Siemens, Texas A&M University, and Ecology 
& Environment, Fugro GEOS.  Oceanweather also provided guidance on metocean 
analysis.  The basis of design, structural design basis and structural design brief have 
been continuously updated throughout the project.   

A pre-conceptual Foundation Types Options Study was conducted in 2010 at the 
GOWind feasibility stage.  The report reviewed and assessed various structure types, 
those being: gravity base, monopile, tripod and jacket.  The study concluded that the 
quadrapod and/or jacket structures were the only viable structure types capable of taking 
the high-tension forces caused by the large overturning forces of the WTG.   

Following from the pre-conceptual stage, the project team conducted a conceptual 
design that reviewed various TP and jacket configurations. Each configuration was 
assessed and evaluated for the costs and technical positives and negatives.  The most 
appropriate and feasible combinations were confirmed to be a conventional jacket 
combined with either the plated TP or the conical TP (as depicted in the Design Report).  
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These transition pieces have been invented by ODE as an alternative solution to the 
conventional design of the TP. The design overcomes structural limitations, can be 
economically fabricated by conventional methods and will be relatively light.  These 
attributes help to reduce the cost of wind turbine support structures and thereby lower 
the LCOE.   

The most suitable TP is the ODE-1 plated, for which a patent has been applied.  The 
principle characteristics are the efficient use of structural members for optimal global 
load transfer using plates and the optimal configuration of structural detail to relieve local 
stress concentrations at the end points of the plate connection, where high stress 
concentrations frequently occur. 

Site survey work and soils analysis are pivotal to developing a successful design.  A 
borehole was identified close to the GOWind site undertaken by Fugro (Referenced in 
Appendix 1 of the Design Basis), which provided soil strata data.  The soil was shown to 
be stiff clay with layers of sand and was assumed to be consistent across GOWind site. 
An initial site reconnaissance survey was commissioned to Naismith Marine Services 
during Jan. 2014 to determine the preferred cable route and verify the proposed WTG 
locations (attached to the Design Report). The Naismith survey did not identify any areas 
of concern. A more detailed survey will be conducted during Budget Period 2 

2.2 Installation, Operation & Maintenance 

The 50 % Front End Engineering (FEED) Design for the GOWind Project is complete.  
The various tasks defined in Sub-task 1 in the Statement of Project Objectives for BP1 
have been undertaken and the results are presented in the attached report for 
fabrication, transportation, installation, operations and maintenance, including the OPEX 
costs. Innovation and risks associated with these aspects of the project have been 
identified and assessed.  For further information on any topic the reader should look at 
the specific document referenced in each section of the report. 

This report includes fabrication, preliminary installation methods, and identification of 
operating and maintenance procedures and equipment suited to the site. 

There is sufficient design developed and detailed to enable the CAPEX and OPEX 
budgets to be prepared, and to take the designs and the approach to installation and 
operations & maintenance forward to complete the second 50% FEED during BP2. 
These costs reflect the significant innovation that has been introduced into this project, 
and this has assisted in driving overall project costs down. Recommendations for the 
next phases of the GOWind Project are provided, in particular for the next 50% FEED 
phase of the project. 

The Fabrication, Transportation and Installation and Commissioning Report provides 
preliminary fabrication and installation plans for GOWind. Information on the installation 
methods is provided for each of the components and the most suitable vessels to 
conduct the installation are identified. Information regarding the port facilities is also 
provided. The installation rates are presented and weather allowances discussed to 
support the project program and cost analysis.  
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The preferred contracting and procurement strategy is for Baryonyx to appoint a project 
management contractor and to adopt a multi-contracting philosophy. Key contracts for 
the fabrication and installation are highlighted. The potential contractors for each 
contract have also been identified through an initial information gathering exercise, 
including an Expression of Interest and a Request for Budget Quotation.  

The O&M Philosophy outlines the approach to be adopted for the development of an 
efficient and effective operations and maintenance (O&M) strategy. The objective is for 
the optimisation of the O&M strategies to allow the LCOE for the GOWind Project to be 
minimised.  

During the detailed design and manufacture phases it is important that experienced 
offshore O&M personnel are involved in the ‘sign off’ on key equipment specifications 
and layout that will impact the way maintenance is executed. This will enable the 
detailed strategies to be developed to ensure continued economic performance of the 
installed equipment throughout the life of the wind farm. A Computerised Maintenance 
Management System (CMMS) is an important tool in the management of the wind farm 
operations. This allows optimisation of future O&M activities and demonstration of 
compliance with regulatory and consent requirements. 

The OPEX cost summaries provide business case simulations of the proposed O&M 
strategies. It is only through detailed life cycle cost analysis that understanding of the 
true O&M costs can be identified. The complexity of the process, component interaction 
and external influences makes it difficult to achieve best plant configuration to deliver 
maximum Return On Investment (ROI). Involvement of O&M personnel in the design 
phase allows the high upfront CAPEX expenditure to be in the areas that provide long-
term protection of the asset. 

OPEX costs for the management of the GOWind Project are high (as costs are spread 
over only 3 WTGs).  However, this will enable capture of detailed knowledge and 
collation of historical data to further refine OPEX costs for the commercial scale 
development. 

2.3 Environmental & Permitting Process 

The Environmental and Permitting Process is well underway and on track to be 
completed by the third quarter of 2014, which will provide the necessary lead-time to 
ensure that the GOWind Project will be operational by 2017.  

Baryonyx continues to work closely with the permitting and resource agencies at all 
levels of government to permit the GOWind Project and the commercial scale project on 
parallel paths.  Baryonyx submitted an individual permit application to the USACE for the 
GOWind Project, and the permit was formally noticed in September 2013. No significant 
comments against the Project were received The USACE permit issued for the GOWind 
Project will likely contain a sunset clause requiring that the Project be decommissioned 
on a certain date if Baryonyx has not received a positive Record of Decision as part of 
the EIS process for the larger project.  
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Baryonyx applied for and received all permits and approvals necessary to initiate data 
collection efforts in BP-1, including an innovative three-pronged approach for avian 
surveys, and geophysical/cultural resource surveys. Surveys completed to date do not 
suggest that significant adverse impacts would be expected to biological or 
archaeological resources in the Project area.  Additional reports will be submitted as they 
are completed, including visual simulations of the Project.  While DOE and USACE will 
be concurrently preparing separate EAs for the project, Baryonyx anticipates both 
processes will be completed by the third quarter of 2014.  

In support of the USACE stakeholder engagement activities, Baryonyx coordinates 
closely with the USACE to engage federal and state agencies.  Baryonyx is participating 
in Interagency Work Groups (IWGs) established by the USACE to ensure that resource 
agency concerns are adequately addressed.  Separate from this process, Baryonyx has 
continued to meet with local public officials and organizations to keep these stakeholders 
apprised of Project progress.   

Baryonyx is supporting both the USACE and DOE NEPA processes, preparing 
Environmental Reports and draft Biological Evaluations for agency use in consultation 
with NMFS and the USFWS. Species with the greatest potential to be impacted by the 
Project are the piping plover and sea turtles.  Baryonyx is confident that specific project 
design (e.g, horizontal directional drilling (HDD) of the dune and beach complex, and use 
of marine observers during construction) will serve to avoid or minimize potential 
impacts. Avian impacts will be addressed through the development of an Avian and Bat 
Risk Assessment and Monitoring Plan. Baryonyx will continue to coordinate with the 
appropriate resource agencies to address any other concerns and to ensure that 
appropriate avoidance minimization and, if required, mitigation measures are integrated 
into the Project design. 

Baryonyx will continue with data collection during Budget Periods 2 through 5 to ensure 
that adequate data has been collected both for permitting purposes, and to establish 
baseline conditions in advance of project construction and operation.  Baryonyx will 
continue to coordinate with the USACE and other resource agencies to ensure that data 
collected benefits both projects, and ultimately improves the understanding of potential 
impacts (both positive and negative) arising from the development of the offshore wind 
resource in Texas.   

2.4  Grid Interconnection 

The GOWind Project will connect to the 138kV AEP South Padre substation (Project 
Substation) via an approximately 7-mile subsea cable from WTG 1. The subsea cable 
will be a 138kV cable that will operate at 33kV during the demonstration phase of the 
project. By incurring this incremental cost now for a larger cable, the first 150MW phase 
of the commercial project will benefit from a cost savings of approximately $12 million.  

The GOWind Project has received the Screening Study from ERCOT and executed the 
Interconnection Study Agreement with AEP, as further described in the report. The 
Screening Study determined that there was up to 150MW of available transmission 
capacity at the Project Substation. The GOWind Project submitted their interconnection 
request early in the process and is ahead of schedule. It is expected that the Standard 
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Generator Interconnection Agreement (SGIA) for a two-phased 150MW project will be 
tendered on or before December 31, 2014. This will allow the GOWind Project to bring 
the initial 18MW online by the December 2017 deadline. 

 

3.0 CONCLUSIONS LCOE ANALYSIS 

Primary innovation within the GOWind Project is directed toward the ability to place 
technically advanced, more efficient wind energy converters in areas of superior wind 
resource in the offshore environment. In so doing the objective is to achieve an 
exponentially reduced LCOE that is relevant to the local market and as close as possible 
to that of onshore wind.  

As a consequence the opportunity for offshore utility scale development on the US 
Continental Shelf will be extended, opening up significant areas of the US Continental 
Shelf to economically viable development at a pricing level that is acceptable to the 
consumer. 

Our innovation is therefore primarily commercial in form and arises from the foundation 
technology, i.e. advanced or improved jacket sub-structures designed for deployment in 
tropical storm prone areas, capable of serial manufacture close to the site of 
deployment. This in turn enables the placement of more efficient Permanent Magnet, 
Direct Drive (PMDD) turbines in locations where they can efficiently convert a superior 
energy resource with attendant cost reductions and economic benefit. 

Given the sheer size of the equipment, construction, transport and placement of these 
very substantive turbines, the marine environment is the only suitable location for 
deployment of these very large nameplate capacity WTG in significant numbers leading 
to the necessary economies of scale. 

In order to evaluate the impact of the innovation on the LCOE, Baryonyx has analysed 
both the GOWind Demonstration Project and the Rio Grande Commercial Scale Project, 
with a range of turbines of 4, 6 and 8MW nameplate capacity. Currently the 6MW 
turbines represent the most optimal turbines for the development and the high level 
results of the analysis are presented below. The full results are attached as Appendix G.  

The study shows that: 

1) With the DOE grant funding the LCOE for the GOWind Demonstration Project 
developed with 6MW turbines returns a value of $0.0806 USD /kWhr. Without the 
grant the LCOE rises to $0.1322 USD / kWhr.  

2) The LCOE for the commercial scale development, benefitting from economies of 
scale and more competitive pricing for equipment returns an LCOE value of $ 
0.1069 USD / kWhr.  
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4.0 OVERVIEW 

4.1 Work Plan and Schedule 

The project program (attached as Appendix E) has been prepared to demonstrate the 
duration and processes required for the installation of the GOWind Project based on the 
information and assumptions available at the 50% FEED Stage of the Project. The 
program focuses on the critical path and the main tasks as defined within BP1 to deliver 
the wind farm into service. The program includes a 25% contingency for all onshore 
activities and 35% for the offshore activities to give a most likely (P50) duration and end 
date. The program shall be updated as part of the development of the following BP2 
activities and as revised information is made available. A Resource Loaded Schedule 
(RLS) is attached as Appendix H. 

Two internal project Go/No Go decision points have been identified; the first is the 
completion of the 100% FEED, programmed for January 2015, as this will confirm that 
the project risks have been sufficiently reduced to confirm that the project is technically 
and commercially viable. The second decision point is the issuance of the final EIS, 
currently programmed for June 2015, without any conditions that make the project 
unviable.  

The key milestones in the attached schedule are: 

MILESTONE 
DATE 

EXPECTED 
Project Consent  15-May-14 
USACE Permit  28-Jul-14 
DOE FONSI  1-Sep-14 
100% FEED Complete  14-Jan-15 
Appoint Main Contractors  25-Feb-15 
Receive Final EIS  2-Jun-15 
SGIA (Standard Generator 
Interconnector Agreement)  31-Dec-14 
Financial Close  1-Jan-16 
Start Onshore Installations  25-Feb-16 
Start Offshore Installation  14-Jul-16 
Offshore Installation Work Complete  15-Jan-17 
Commercial Operation Date  5-Apr-17 

Table 4.1: Key Milestones 

 

4.2 Budget 

The budget for BP2 – BP5 is attached hereto as Appendix I. The summary is as follows: 
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 BP2 BP3 BP4 
Installation of WTG’s & WTG Towers (Heavy 
Lift) 203,333 250,000 4,946,667 
Wind Turbine Generators 1,275,000 16,415,625 20,559,375 
Electrical Installations 684,200 4,579,616 591,100 
Installation of Sub-sea Cable 65,789 2,057,895 3,590,916 
Supply of Sub-sea Cable  907,500 0 9,204,929 
Installation of WTG Foundation (Heavy Lift) 978,095 114,286 4,976,152 
Fabrication of WTG Foundation 1,544,255 9,481,427 2,455,615 
Foundation 100% FEED & Detail Design 1,040,000 0 0 
Crew Boats 0 0 0 
Temp generators & support for WTG mech 
completion 0 0 0 
Offshore Logistics Centre (Incl Offshore 
Support) 40,000 153,489 1,592,011 
CPT, Borehole & Cable Route Surveys  200,000 0 0 
Insurance cost 2% 2,400,000 0 0 
PMC (PM, QA, HSE, Commercial, Site 
Management) 3,350,933 4,284,800 3,350,933 
Development, Permitting 2,625,327 3,356,975 2,625,327 
 15,314,432 40,694,113 53,893,024 
 15,314,432 56,008,545 109,901,569 

Table 4.2: Budget 

5.0 SUMMARY OF TOTAL PROJECT COSTS 

The capital cost plan for the GOWind Project is attached hereto as Appendix J. The 
summary of costs are contained in the table below: 

 

Task Cost 

Installation of WTG’s & WTG Towers (Heavy Lift) $5,400,000 

Wind Turbine Generators $38,250,000 

Electrical Installations $5,854,916 

Installation of Sub-sea Cable $5,714,600 

Supply of Sub-sea Cable  $10,112,429 
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Installation of WTG Foundation (Heavy Lift) $6,068,533 

Fabrication of WTG Foundation $13,481,297 

Foundation 100% FEED & Detail Design $1,040,000 

Crew Boats In Logistics 

Temp generators & support for WTG mech completion In Logistics 

Offshore Logistics Centre (Incl Offshore Support) $1,785,500 

CPT, Borehole & Cable Route Surveys  $200,000 

Insurance cost 2% $2,400,000 

PMC (PM, QA, HSE, Commercial, Site Management) $10,986,667 

Client (Licenses, Permits, Consents, Commercial, Legal & 3rd 
Parties)  

$8,607,628 

Total CAPEX $109,901,569 

Table 5.1: Capital Cost Plan 

5.1 Operations & Maintenance (O&M) 

The O&M plan is explained in detail in the Installation, Operations and Maintenance 
Report. The projected overall OPEX per/Mwh is $32.50. The GOWind Project was able 
to achieve this reduced OPEX assumption, reduced from the DOE produced study range 
of $40 – 50/MWh, though savings post-WTG manufacturer service period. In the latter 
part of the service contract there is a handover to the operator's team who are local 
recruits. A lower cost base and operating experience is assumed to further reduce OPEX 
to 50% of the start-up rate. In the latter period we assume there is a reduction in cost 
due to operating experience and transfer to the local operators team. 
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6.0 SUMMARY OF FINANCING PLAN 

GOWind will fund a portion of BP2 activities with grant funding, matched by cost share of 
project partners.  Potential equity partners have withheld commitment pending grant 
selection and discussions continue.  However, once selection is confirmed, equity 
participation discussions will resume in earnest immediately.  Initial conversations with 
lenders indicate that project finance funding is available to the appropriately structured 
transaction. 

Baryonyx will fund GOWind through a combination of grant, equity from project 
stakeholders and, non-recourse project finance debt. The financing structure has been 
designed by Green Giraffe Energy Bankers (GGEB), acting as financial advisor to the 
Project. 

The offshore wind sector is new in the US, but the design of the financing is based on a 
straight-forward structure which has been successfully implemented in the industry and 
benefits from over 20 years experience in Europe. It combines the local knowledge of 
GOWind stakeholders with the offshore wind experience of European partners. 

GGEB has assisted GOWind in obtaining letters of intent from multiple banks in the US 
project finance market, providing a high level of confidence that the financing can be 
closed on the terms described in the Financing Plan (Appendix K).   

6.1 Sources of Equity 

All potential sources of financing have made the continuation of the DOE funding a 
condition precedent to moving forward with providing equity.  In addition, equity 
providers are looking for pari passu treatment with other equity providers, leaving final 
commitments until all costs and a fair economic return can be determined.  GOWind will 
require approximately $20 million in equity.  On that basis, Baryonyx, through its 
principal shareholder, Enterprize Energy Pte, is in discussion with both a strategic and a 
financial investor.  ODE, as principal contractor, is undertaking to commit up to $2 million 
in cost share.  

It is common for the captive finance entity of the manufacturer to provide some financial 
support to the project.  In this context, Siemens Financial Services has provided a letter 
of intent to support the project, were Siemens turbines to be selected for project 
deployment. A similar approach would be taken in the event alternate equipment is 
acquired for GOWind,   

Baryonyx management has both approached and been approached by other equity 
participants who have indicated some interest at this stage. These discussions will be 
resumed immediately after selection is confirmed. 

6.2 Sources of Debt  

It is clear that financing offshore wind projects has become a “strategic” market for many 
lending European and Japanese institutions and many are also active in the U.S. project 
finance market.  These institutions have an active track-record in financing renewable 
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energy projects in North America. The project finance process should therefore not be 
seen as a new hazardous experiment but as a well-known and well-understood 
predictable way of financing.  In fact the GOWind Project has received 8 letters of 
interest from reputable lending institutions, attached as Annex 1 of the Financing Plan. 

6.3 Insurance 

Upon selection, GOWind will engage Aon Risk Solutions to perform a full risk 
assessment that will identify the risks during construction and operations phases and will 
form the basis for seeking insurance that will complement and supplement the warranty 
provided under the Turbine Supply Agreement and any guarantee supplied under the 
Turbine Maintenance Agreement from the turbine manufacturer.  A summary of 
insurance coverage and advisor qualifications are contained in Appendix L.   

7.0 SUMMARY, PROGRESS TOWARD SECURING POWER OFF-TAKE AGREEMENT 

GOWind has approached the market on numerous occasions, and to date has been able 
to receive a non-binding letter of interest from a boutique broker in Texas, MP2 Energy. 
This LOI provides a first year contract price of $40.04/MWh, as further described 
Appendix M. While this LOI provides pricing that is above the current market, it does not 
quite achieve the pricing needed by the project at this 50% FEED stage. With time and 
refinement we are confident we can bring our required pricing down to meet the market 
at the time when we will need to contract for the off-take, which would be on or before 
the anticipated financial close date of January 1, 2016.  GOWind has also received a 
letter of interest from University of Texas in Brownsville.  This is not conclusive but does 
indicate that there might be a “specialist” market for the project output. 

ERCOT is a highly competitive low-cost energy-only power market, whose prices are set 
by the very low cost of gas.  Although it is an energy only market it has found itself 
capacity constrained.  Because the GOWind Project has a better match to the system 
load, it should be a desirable addition to a market flooded by off-peak West Texas wind. 
Given the competitive nature of the market, it is premature at the 50% FEED stage of 
development to secure a binding PPA, as any price would be inflated to account for 
uncertainties. One of the GOWind Project’s main objectives is to demonstrate that 
offshore wind energy is competitive with other generation sources onshore and it is 
imperative that we achieve the lowest LCOE reasonable.  GOWind will use the time 
associated with developing the remaining 50% FEED to reduce the overall costs 
associated with developing the project.  Therefore, it is better for this project to delay a 
bit until the benefits of further design can be realized.  

Provided GOWind is successful in developing an offshore wind energy project that is 
price competitive in ERCOT the implications for other offshore wind energy projects in 
the US and beyond would be enormous. If other offshore wind energy developments are 
able to replicate the cost savings achieved by GOWind the offshore wind industry 
becomes a legitimate competitor to traditional fossil fuels.  

As discussed further in the Grid Interconnection Report, the ERCOT market currently 
has extremely low prices due to the low price of natural gas. Two recently announced 
long-term onshore wind Power Purchase Agreements (PPA) in the South Hub, where 
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the GOWind Project is located, were in the range of $26 – 33/MWh. It is assumed that 
these projects benefited from the Federal Production Tax Credit (PTC). These were 
traditional PPAs with Austin Energy for South Texas, coastal projects. The majority of 
traditional PPAs announced publicly in the last several years have been coastal projects 
as the coastal wind profile, similar to the GOWind Project, provides generation that is 
more coincident with load than West Texas wind.  

Additionally, in ERCOT there is no requirement that a generator execute a PPA. 
Provided you have the funding to absorb the risk a generator can connect in ERCOT and 
receive the Market Clearing Price for Electricity (MCPE).  

Looking at the NYMEX and DOE forward curves for natural gas, showing natural gas in 
the range of $4.77 - $6.00/MMBTU, the ERCOT pricing in 2017 should be in the range of 
$47 - $60/MWh, assuming the base case implied heat rate of 10. The current price as 
modelled for the GOWind Project is $61.00/MWh without the PTC and $45.00/MWh with 
the PTC both prices near to or within the forecasted ERCOT pricing for 2017.  

Therefore, given the low prices and unique market structure, GOWind has adopted a 
multi-faceted market strategy, including the following:  

• Keeping potential utility purchasers and large equity partners fully-informed on 
the project progress 

• Canvasing the traditional wholesale purchasers for interest.  
• A university or hospital or other large “service type” organization that is willing to 

purchase the power at an above market price as a strategic participant, seeking 
to support its academic research or involvement in the community.  

• A municipal or government entity that is interested in the long-term potential 
value of offshore wind and able to blend it with their other power purchase 
products; 

• A major company interested in the advancement of renewable power, taking 
lessons learned from early participation in US offshore wind and applying it to 
other markets where siting onshore is a greater challenge; 

• A coastal strategic investor interested in the potential long-term benefits of 
offshore wind to coastal development value or combining with other infrastructure 
such as water.  

• Creative deal structures that provide upside potential on revenues (e.g. a 
financial hedge indexed to price of natural gas).  

8.0 OVERVIEW, PROJECT PARTNERS & ROLES 

Offshore Design Engineering (ODE) is the GOWind Project’s engineering partner 
responsible for the FEED process. ODE is an international engineering contractor to the 
oil, gas and renewable energy markets.  

Ecology and Environment (E&E) is the GOWind Project’s environmental consultant. E&E 
is a recognized global leader in environmental management. They have successfully 
completed over 50,000 projects in 122 countries.  
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SgurrEnergy is a leading renewable energy consultant, providing engineering and 
technical advisory services in onshore and offshore wind, solar, wave, tidal and hydro 
projects. They assist clients at every phase of a project, from the early stages of site 
selection, feasibility and design, through project management of the construction phase 
and also during operation and maintenance. Sgurr has assessed over 110 GW of 
renewable energy developments internationally. Sgurr is responsible for developing the 
wind data measurement plan and the GOWind Project’s energy yield analysis, as well as 
layout design.  

Anemometry Specialists Inc. & Iowa State University (ASI/ISU) have teamed up to 
deploy a new cost-effective offshore wind measurement tool – the balloon-borne buoy 
mounted measuring system (tethersonde) to the GOWind Project.  

Green Giraffe Energy Bankers (GGEB) is the GOWind Project’s financial consultant. 
GGEB is a financial advisory boutique focused on the renewable energy sector and in 
particular offshore wind.  

Aon Risk Solutions will be the GOWind Project’s insurance arranger. AON has an 
extensive track record in offshore wind insurance, and is currently responsible for 
6,350MW of offshore wind projects with projects in UK, Germany, Netherlands, 
Denmark, Sweden, Ireland, Belgium, France, US, Taiwan.  

Narrow Gate Energy has been engaged to assist in exploring the market and securing 
the off take. Narrow Gate Energy was established to provide executive advisory, 
strategic consulting, and project development services to participants in the US power 
industry. Mr. Hayslip, President, has more than 20 years of experience in numerous 
areas of the power industry, including sales & marketing, asset management, public 
relations, regulatory affairs & market policy, business development, and project 
development for leading gas-fired, renewable, and energy storage companies.  

GOWind has engaged the Professional Engineering services of RnR Engineering, LLC 
to assist in the ERCOT interconnection process. RnR Engineering is experienced in this 
process with full knowledge and understanding of the ERCOT requirements, bringing 
over 20 years of direct experience with integrating wind generation resources into the 
ERCOT transmission system.  RnR Engineering has been working on transmission 
interconnection issues in the Rio Grande Valley since the first South Texas on-shore 
windplants were announced, and has strong working relationships with both ERCOT and 
the local Transmission Service Providers. 

A full description of the project partners and roles is attached as Appendix N. Letters of 
commitment form main project members and local supporters are attached as   
Appendix O.  

 

9.0 CONCLUSION 

GOWind has completed 50% of its Front End Engineering and Design and has identified 
a number of issues to be addressed.  At this stage, such identification is normal and in 
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terms of overall development, it is still relatively early to have resolved the major 
outstanding issues of PPA, supply, financing and hurricanes. The team has already 
approached possible power purchasers, potential strategic equity partners, and project 
finance lenders and has elicited enthusiasm from these potential participants.   

The team is working actively to resolve the recent disappointment with respect to turbine 
supply and in so doing, may have stimulated some important competition in the turbine 
supply market. Comparing published alternative turbine price information with verbal 
indications provided over the past several months suggest that our goal to lower the 
LCOE may already be happening.  

The issue of severe storm conditions is not new and with longer and more sophisticated 
and appropriate data collection it will be easier for all to assess the risk and to design 
solutions to meet that risk.  

All team members, especially at Baryonyx, ODE, E&E, Keppel AmFELS, and GGEB are 
looking forward to continuing our work with DOE to advance a relatively untested 
industry in the US.  

Thank you for taking the time to review our documentation.  
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Please note that Third Party commercial information has been omitted as directed by the 
Department of Energy.  
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1.0 APPENDIX A – SIEMENS PRICING 

Commercial Information not included under terms of Non-Disclosure Agreement with 
Siemens. 
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2.0 APPENDIX B – SGURR ENERGY YIELD 

Summary Extract from Energy Yield Analysis. 
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3.0 APPENDIX C – US MANUFACTURING PLAN 
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4.0 APPENDIX D – IMPLAN SOCIO-ECONOMIC STUDY 
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5.0 APPENDIX E – WORK BREAKDOWN STRUCTURE (WBS) – WORK PLAN AND 
PROJECT SCHEDULE 

Not included as per DOE instruction. 
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6.0 APPENDIX F – NREL HURRICANE STUDY 

The referenced NREL Hurricane Study, summarized in poster form for the AWEA 
Conference in Rhode Island, October 2013.  
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Summary Statement from poster: 
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7.0 APPENDIX G – LCOE ANALYSIS 

(Text extracted from full LCOE analysis) 

PROJECT OVERVIEW 

Baryonyx has 40,000 acres under lease from the State of Texas within which the 
GOWind Demonstration Project is located. The contiguous lease also hosts the ‘Rio 
Grande’ commercial Project, which has the potential to reach an installed capacity of 
some 1,000 MW. 

In accordance with the LCOE analysis guidelines, a 500MW development has been 
assessed on the Rio Grande site using the innovations, actual and prospective, 
encompassed and envisioned for and within the GOWind Project. 

The GOWind Project has a mission objective of installing and operating three technically 
advanced wind turbines upon jacket-type substructures engineered for an environment 
that may expose the development to tropical storm (hurricane) conditions during its 
operating life. 

In addition to the normal technical challenges posed by offshore wind resource 
development, the Project is being developed as a commercial venture, albeit aided 
substantially by the provision of U.S. Department of Energy grant funding that offsets the 
lack of opportunity for economies of scale and the resultant commercial leverage that 
ordinarily can be derived by larger, commercial or ‘utility’ scale projects. 

By proposing to sell electricity into the ERCOT market, GOWind has to be able to meet 
economic imperatives dictated by the most competitive electricity market in the world. In 
ERCOT electricity pricing is determined by the price of natural gas, which, thanks to the 
exploitation of shale gas resources, is lower than that in any other market in the United 
States. There are no capacity revenue benefits and no environmental pricing for carbon-
free generation. 

However, in this commercial environment, Texas onshore wind farms are able to provide 
competitively priced energy through the combination of utility scale projects, good wind 
resource, more efficient energy capture with technologically advanced turbines, access 
to development and construction capital. Development has generally been timed to 
benefit from the Production Tax Credit when available.             

The key to commerciality for offshore wind resource development in any area, and more 
so within the ERCOT market, is through the ability to access a superior offshore wind 
energy resource, maximizing its capture and conversion by use of larger, marine multi-
megawatt turbines and constraining balance of plant costs by minimizing the number of 
offshore installations to produce a competitive Levellised Cost of Energy (LCOE) as 
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close to parity with onshore wind developments and other competing energy resources 
as possible. 

LCOE STUDY SUMMARY 

  Comparative LCOE 
Tit 

Case Turbine Number Installed 
Capacity (MW) 

LCOE 
$/kWhr 

GOWind 
Demonstration 

(With Grant) 

6MW 3 18 0.0806 

GoWind  

Demonstration 

6MW 3 18 0.1322 

Rio Grande 
Commercial 

6MW 83 498 0.1069 

Table 0.1. Comparative LCOE, ‘GOWind’ Demonstration Project & ‘Rio Grande’ 
Commercial Project. 

APPROACH TO LCOE ANALYSES 

 Method & Approach 

This study has been prepared in accordance with the Levelized Cost of Energy (LCOE) 
Calculation Guidance for U.S. Offshore Wind Advanced Demonstration Projects dated 
May 28, 2013 and issued by the Department of Energy on May 29th 2013. 

The method of preparing LCOE analyses for the Demonstration Project was as follows: 

Firstly, ODE were tasked to prepare Capex and Opex estimates based upon a traditional 
request for quotation process addressing both North American and global vendors and 
compiled the information received into a report for Baryonyx. 

Secondly, Baryonyx reviewed the estimates and the factors affecting potential price 
movements from 50% FEED to 100% FEED stages. Based upon these approaches to 
the market and recognition of the opportunities for cost reduction, a matrix of estimates 
was prepared (see appended LCOE Workbook) with the Capex estimate as currently 
compiled together with three additional cases reflecting a range of prospective cost 
reduction opportunities grouped as ‘Low’ ‘Mid’ and High’ cases, reflecting the level of 
prospective cost reduction.  

The reductions may arise from specific noted opportunities, for example, with respect to 
the heavy lift crane barge, sourcing such a vessel from the Gulf of Mexico rather than 
utilizing the quoted vessel, which would require mobilization from the US East Coast. 
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Elsewhere straight percentage cost reductions in those categories of 5%, 7.5% and 10% 
anticipate a straightforward competitive tendering process, local sourcing and the effects 
of recognition of a ‘real’ business opportunity rather than a theoretical one. The 
prospective changes have been based upon specific quotations for the Project, from 
public information, or knowledge held by the team concerning previous projects. 

Importantly there has to be recognition that as a project becomes perceived as ‘real’ 
rather than theoretical, a degree of renegotiation takes place to facilitate all prospective 
suppliers to proceed with the project rather than all parties losing the opportunity.  

Nowhere does the latter observation apply more than in the pricing of turbine supply.  
Since the inception of the GOWind Project competition in the turbine market has been 
muted to non-existent for large multi-megawatt turbines, particularly those considered 
financeable. As with onshore turbines, manufacturer’s pricing policy has been very much 
based on a ‘cost of alternative minus’ approach where project economic returns to the 
investor are purposefully constrained to a level that allows for the project to proceed but 
maximizing the price paid for the equipment.  

Competition for supply is the only means to counter that situation. In the past twelve 
months competition has emerged in the large offshore wind turbine market. Our project 
was conceived around the Siemens 6.0-154 PMDD turbine. Since that turbine has begun 
at sea testing in European waters, other manufacturers products have entered the 
market which in nameplate capacity are the equivalent or larger.   

Those units include: 

• Alstom 6.0 MW – offshore prototype in operation offshore Belgium, now contracted 
for supply to the US East Coast Block Island project replacing the Siemens 6.0 MW 
previously announced, 

• Repower 6.25 MW - an enhanced version of the 5.0 MW utilized on the Ormonde 
Project and the subsequent 6.0MW variant. 

• Samsung 7.0 MW – now deployed at the Methil test site, Firth of Forth, Scotland, 

• Vestas 8.0 MW – prototype now erected on land in Denmark and anticipated to be 
available for demonstration projects in 2016/17 

• Areva 8.0 MW – a development of the Areva-Multibrid 5.0 MW unit  

• Aerodyn SCD 8.0 MW – an enlarged version of the 3.0MW onshore and 6.0MW 
offshore units deployed in China. This is a down-wind, two-bladed turbine specifically 
designed for operation in areas prone to tropical storms. 

 

 

 

Energy yield analyses have been prepared for the following turbines: 
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• Vestas V164-8.0 (8 MW) 

• Samsung SHI 7.0-171 (7 MW) 

• Alstom Haliade 150-6.0 (6 MW) 

• Siemens 6.0-154  (6 MW) 

• Siemens 4.0-130 (4 MW) 

The yield analysis is included as an Appendix to this report. 

The analysis presented in this document was conducted using data for the Siemens 6.0-
154 turbine.  

 Commentary on Inputs to the LCOE Analysis 

Overall, it is the considered experience of the Baryonyx team that the most 
advantageous time to go to the market for competitive bids for goods and services is 
subsequent to the conclusion of the down-select process. When the market perception is 
that there is a firmer prospect of securing a contract more vendors are expected to 
respond to the tender process. This is a common phenomenon in the post-recession 
market place. Contractors will not allocate resources to preparation of bids on a 
speculative basis. Correspondingly it is the policy of the project to proceed with formal 
tendering after the down-select process complete on the assumption that this team is a 
successful party.  

At that time Baryonyx will make the final turbine selection. Which is the largest cost-
driver.  Prior to the final turbine selection, the FEED work has been based on the 
Siemens 6.0-154m turbine. Although this 50% FEED design report and its supporting all-
encompassing documents are based on the Siemens 6MW WTG, the impact of 
changing WTG or type will have minimal impact on the conclusion of the 50% FEED 
design. This is because ODE’s innovative jacket and transition piece designs can be 
easily adapted to suit other WTG models. 

This approach is essential to securing the most cost-effective supply of generating 
equipment, which, in the absence of a competitive market is priced by the manufcturers 
on a ‘cost of alternative-minus’ basis as opposed to a ‘cost plus’ one. 

Turbine pricing is also market specific and the availability of high electricity pricing and or 
renewable energy incentives are all part of the turbine vendors pricing analysis with 
those prices set at level to provide a sufficient Rate of Return that justifies the project 
proceeding. There is anecdotal evidence in the industry, particularly in Europe that the 
price of offshore wind has reached a level that is deterring development and negatively 
affecting public opion.  

 

GOWind is set in the very competitive ERCOT market where pricing expectations are far 
below eastern and western US markets. It is therefore significant on a national and 
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potentially global scale that this project has the ability to demonstrate a path to an LCOE 
that is substantially below developer requirements in the offshore sectors of those 
markets.  

 Capital Expenditure (Capex) 

This LCOE analysis is based upon the capital cost projections prepared by ODE for the 
Project. In addition, Baryonyx prepared a sensitivity analysis by compiling ‘Low’ Mid’ and 
‘High’ cost reduction opportunity cases. 

This assists in the formation of judgements concerning the relative values of cost 
reductions derived from variations in the base case assumption. 

Examples of potential major cost reductions are: 

• Removal of some or all heavy crane barge mobilisation fees from the East Coast to 
the Gulf of Mexico on the assumption that a vessel is available in the Gulf at the time 
it is required for the turbine installation work, 

• Competitive pressure on the turbine suppliers to reduce the cost of equipment, 

• In extremis, use of the self-installing Titan 200 sub-structure that would enable 
elimination of the heavy lift crane barge for all activities other than Sub-Station 
Platform installation, 

• Use of a self-installing Sub-Station Platform to eliminate a heavy crane barge for that 
activity. 

•  

 Operating Expenditure (Opex) 

An Operating Expense (OPEX) report was prepared for the Project by ODE. The 
assessment was based upon both market indicative information from turbine vendors 
and other suppliers. Previous analyses by DOE were also accessed.  

Baryonyx then compiled an OPEX expenditure profile that assumed competitively 
tendered: 

• Warranty level support in the initial five year period, 

• A vendor service contract for the first fifteen years, 

• A knowledge transfer and training by the vendor of local company personnel to 
assume full O&M control of the project in years ten to fifteen of the service contract. 

 

This produces a project life average O&M cost of $ 0.032 cents / kWh ranging from $ 
0.055 cents/kWh at the beginning of the project and through the transfer of knowledge 
and responsibility to a low-cost local team in the final years of operation to a level of $ 
0,025 cents / kWh.   
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This type of operating expense profile is similar to that observed in the oil and gas sector 
with long-life producing assets where it is possible to methodically and substantially 
reduce the cost of operations over the operational period. 

 Assumptions 

Table 1 lists the input assumptions for the LCOE analysis. There are three cases 
presented. They are the reference case, the proposed demonstration project and the 
500MW Project.  
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Table 0.1: Description: Operating Parameters for the Turbine & Wind Plant 

Description Baseline Case Proposed Project 
500 MW Farm with 
Proposed Project 

Innovations 

Wind Plant Rating 500 MW 18 MW 493 MW 

Number of Turbines 139 3 83 

Turbine Spacing  1.0 km 0.8 km 

System Design Life 20 years 25 years 25years 

Turbine Rating 3600 kW 6,000kw 6,000kW 

Rotor Diameter 107 m 154 m 154 m 

Hub Height 90 m 110m 110m 

Gearbox Type 3-stage geared n/a n/a 

Generator Asynchronous Asynchronous Asynchronous 

Foundation Type Monopile Jacket Jacket 

Distance to Shore 20 km 12km 12-16km 

Water Depth 15 m 16m 22 m 

Wind Speed @ Hub Height 8.9 m/s 8.95m/s 8.95m/s 

Weibull K Factor 2.1 2.81 2.81 

Base Wind Shear 0.1 01. 0.1 

Air Density 1.225 kg/m3 1.225 kg/m3 1.225 kg/m3 

Max Rotor Cp 0.47 0.43 0.43 

Tip Speed Ratio at Max Cp 8 n/a n/a 

V cut-in 3 3 3 

V cut-out 25 25 25 

Losses (from Eqn. 5) 15% 14% 14% 

Availability (from Eqn. 5) 96% 96% 96% 
 

 

Table 0.2:  Initial Capital Cost of Wind Energy Systems 
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Analysis 
Level 

Representative 
Categories 

Baseline 
Case 

($/kW) 

Proposed 
Project  
($/kW) 

500 MW Farm with 
Proposed Project 

Innovations  
($/kw) 

1 TURBINE CAPITAL COST, TURCC 1,789 2,133 1,700 

2 Rotor, Drivetrain, Nacelle 1,789   

2 Tower Incl   

1 BALANCE OF SYSTEM CAP COST, BOSCC 2,918 3,403 1,319 

2 Development: 58 547 62 

3 Permits    

3 Engineering  58 6 

3 Site Assessment    

3 Geotechnical/Geophysical 
Surveys (including cable route)  11 8 

3 Environmental Monitoring  

478 48 

3 Research and Development  

3 Interconnection Agreement  

3 Contracts  

3 Certification  

3 NEPA/Agency Consultations  

2 Project Management 117 610 104 

2 Support Structure: 1,021 653 595 

3    Foundation or Floating Platform  284 274 

3 Transition Piece (if applicable)  133 115 

3 Secondary Steel (decks, j-tubes...)  64 56 

3 Anchoring System (if applicable) N/A 173 150 

TABLE 3.2 CONTINUED 

4 Anchors    

4 Mooring Lines    

2 Port and Staging 73 99 44 



 

SUMMARY REPORT Page 55 of 69                                           DOE – EE0006103 

3 Equipment (i.e. cranes)    

3 Facilities (i.e. staging space)    

3 In-port Assembly  99  

2 Transportation: 
Included in 
Install for 
baseline 

0 0 

3 Turbine    

3 Foundation    

3 Substation/Interconnection    

3 BOS Hardware    

2 Installation/Development: 1,109 690 202 

3 Foundation (including 
transition piece if applicable)  248 17 

3 Turbine Installation (including 
tower)  253 129 

3 Mooring System    

3 Cable Installation  189 56 

4 Export Cables    

4 Inter-array Cables    

3 Scour Protection    

2 Electrical Infrastructure: 540 749 313 

3 Inter Array Cables  68 105 

3 Export Cable(s)  437 113 

Table 3.2 Continued 

3 Offshore Substation    

4 Substation Structure   27 

4 Substation Electrical   25 

3 Onshore Substation and 
Transmission Facilities    
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4 Land Transmission Cable   15 

4 Onshore Control Center   6 

4 Onshore substation  177 11 

3 Pre-design analysis and planning    

3 Permitting    

3 Interconnection Application   2 

3 Design and Engineering  26 2 

3 Electrical Construction  43 5 

2 Other: 0 53  

3 Control, Safety System, and 
Condition Monitoring 0   

3 Condition Monitoring    

3 Personal Access Equipment 0   

1 SOFT COSTS, SC 893 248  

2 Insurance (during construction) 94 85 72 

2 Surety Bond (Decommissioning) 165   

2 Contingency 471   

2 Construction Financing Cost 163 163 163 

 

 

 

 

 

Table 0.3: Additional Cable Information 

GOwind'Demonstration'Project'–'18MW'
Cable'Type' Rating,'kV' Length' $/length' Total'Cost'($)'

'Inter'Array' 33' '3,000.00'' '405.00'' '1,215,000.00''
'Export' 138' '12,000.00'' '655.00'' '7,860,000.00''
'
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' ' ' ' ' '

' ' ' ' ' 'Rio'Grande'Commercial'Scale'Project''V'500MW'

Cable'Type'
Rating,'kV' Length' $/length' Total'Cost'($)'

Total'Cost'Less'Bulk'
Factor'10%'($)'

Inter'Array' 33' '143,975.00'' '405'' '58,309,875'' '52,478,888''
Export' 220' '33,000.00'' '1,638'' '54,037,500'' '48,633,750''

Export'Onshore' 345' '17,000.00'' '500'' '8,500,000'' '7,650,000''

' ' ' ' ' ' 
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Table 0.4: Weight Summary of Wind Energy Systems 

Analysis 
Level 

Representative 
Categories 

Baseline 
Case 

(kg/kW) 

Proposed 
Project  
(kg/kW) 

500 MW Farm 
with Proposed 

Project 
Innovations  

(kg/kw) 

WEIGHT TOTAL    

1 Turbine:  2,218,800 64,800,000 

2 Rotor  555,000 14,800,000 

2 Drive train, nacelle  585,000 18,800,000 

2 Tower  1,078,800 31,200,000 

1 Support Structure:  2,715,000 53,365,500 

2 Primary Steel  1,095,000 10,165,500 

2 Secondary Steel (decks, j-
tubes...) 

 378,000 10,080,000 

2 Transition Piece (if applicable)  75,000 2,000,000 

2 Anchoring System (if 
applicable) 

 1,167,000 31,120,000 

  

PRICE OF STEEL  $/kg $/kg 

 Raw Steel Price   1.76 1.76 
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Table 0.5: Detailed Foundation Installation Costs (Example) 

Please see appended LCOE Workbook – ‘Expanded Installation costs’ tab. 
 
Table 0.6: Operations and Maintenance Costs of Wind Energy Systems 

Please see appended LCOE Workbook – ‘Expanded O&M’ tab. 

Table 0.7: Expanded Scheduled Turbine Maintenance Cost Reporting 

Please see appended LCOE Workbook  -‘Expanded O&M’ tab. 

Table 0.8: Levelized Replacement/Overhaul Costs Itemized Table 

Please see appended LCOE Workbook – ‘Expanded O&M’ tab. 

Table 0.9: Turbine Power Curve and Site Specific Wind Speed 

Please see appended LCOE Workbook – ‘Wind Speed Calculations 3x6 & 83x6’, and also 
Appendix I 
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Table 0.10: Annual Energy Wind Farm Production Summary 

Representative 
Categories 

Baseline 
Case 

Proposed 
Project  

500 MW Farm 
with 

Proposed 
Project 

Innovations 
Only 

Total Installed Capacity 
(MW) 500 18 498 

AEPTOT (MWh/y) 2,081,153 88,872 2,458,795 

EL (total losses %) 15% 13.6% 22.7% 

Availability (%) 96% 96% 96% 

AEPNET (MWh/y) 1,698,221 73,714 1,824,623 

Capacity Factor: 

AEPNET/(Rated Power 
*8760 hours) 

38.8% 46.7% 41.8% 
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Table 0.11: Wind Energy Systems LCOE Summary 

Representative Categories Baseline Case 
($/kWh) 

Proposed Project 
($/kWh) 

500 MW Farm with 
Proposed Project 
Innovations Only 

($/kWh) 

  6MW Turbine 
 

6MW Turbine 

Turbine Capital Cost*  0.0421 0.0417 0.0371 

Balance of System Cost* 0.0687 0.0665 0.0288 

Soft Costs* 0.0210 0.0048 0.0195 

Operations & Maintenance Cost**  0.0241 0.0192 0.0215 

Total System: 0.1560 
0.1322 0.1069 
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EXPLANATION OF RESULTS 

As noted in the Project Overview, the primary objective of the GOWind Project is to 
demonstrate how it is possible to achieve a reduced cost of energy by accessing areas 
in the marine environment that possess a superior wind resource, and to harvest that 
resource using the most technologically advanced offshore multi-megawatt wind turbines 
available. 

By comparison to the baseline case, GOWind appears to be meeting that objective 
where even without the impact on LCOE of the DOE grant funding, the Project is 
indicating the potential to obtain an 18% reduction on system cost, from $0.1560 USD 
/kWhr to $0.1322 USD /kWhr. 

Transferring that effect to the prospective Rio Grande Commercial Scale Project, the 
comparative reduction is potentially more dramatic at a 45% reduction to $0.1069 USD / 
kWhr. Here the project is projected to take advantage of scale allowing for series 
production of both turbines, towers and sub-structures. Normal market competition will 
enable further cost reductions and further step changes are possible through reduction in 
mobilisation costs assuming vessels are sourced from the Gulf of Mexico.  

Pricing of the jacket type sub-structures is believed to be robust as other designs and 
cost estmates have been provided to the project at the 50% FEED stage such as 
Keystone Engineering’s ‘Twisted Jacket’, and Offshore Wind Power Systems of Texas’s 
Titan 200 self-installing jack-up sub-structure, which has the potential to eliminate the 
need for heavy lift vessels. They are all priced to within $1M USD of each other on a per 
unit basis.   

Consequently at the 50% FEED milestone, the current cost construct of the project 
indicates that the objectives of the Project are achievable with more potential cost 
reductions possible with full commercial contracting. 

Having evaluated to varying extents the performance and cost of both 4MW and 8MW 
turbines, the 6.0 MW capacity turbine at this point in time is the most cost-effective.  We 
maintain an ability to use larger turbines through the permitting of the GOWind site to a 
height of 650 feet in order to future-proof the development. 
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8.0 APPENDIX H - RESOURCE LOADED SCHEDULE 

Not included as per DOE instruction. 

9.0 APPENDIX I - BUDGET PERIOD 1&2 PMC 123.1 & DETAILED BUDGET BP 3-5 

Not included as per DOE instruction. 
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10.0 APPENDIX J - CAPITAL COST PLAN 
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11.0 APPENDIX K - FINANCING PLAN 

Commercial information - not included as per DOE instruction. 

 

12.0 APPENDIX L – INSURANCE 

Commercial information - not included as per DOE instruction. 

 

13.0 APPENDIX M - LOI MP2 ENERGY & UTB 

Expressions of interest for purchase of energy from the GOWind Project. 

Commercial information - not included as per DoE instruction. 

 

14.0 APPENDIX N - DESCRIPTION, PROJECT PARTNER’S ROLES 

Commercial information - not included as per DOE instruction. 

 

15.0 APPENDIX O - LETTERS OF COMMITMENT  

Commercial information - not included as per DOE instruction. 
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16.0 APPENDIX P - INTELLECTUAL PROPERTY MANAGEMENT PLAN 
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