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ABSTRACT 

This study evaluates the techno-economic performance of a tidal energy project using the Tidal 

module of the System Advisor Model (SAM). The configuration corresponds to an array-scale 

installation with a total installed capacity of 1,115 kW. Under the site-specific resource and 

availability assumptions used in SAM, the model estimates an annual energy production of 

212,946 kWh, yielding a capacity factor of 2%. The levelized cost of energy (LCOE) is 

calculated at 1,449.65 ¢/kWh. A detailed cost decomposition indicates total capital 

expenditures (CapEx) of $15,971,341.37 (14,324 $/kW), of which device hardware accounts 

for $4,826,559.72 (4,329 $/kW) and balance-of-system for $9,330,683.69 (8,368 $/kW), with 

financing charges of $1,814,097.96 (1,627 $/kW). Operations and maintenance (O&M) are 

projected at $1,362,080.09 per year (1,222 $/kW/yr). In LCOE terms, the contributions are 2.45 

$/kWh (devices), 4.73 $/kWh (balance of system), 0.92 $/kWh (financial), and 6.40 $/kWh 

(O&M), with the remainder attributable to capital recovery. The results highlight the sensitivity 

of LCOE to capacity factor and O&M intensity: the low modeled capacity factor drives limited 

energy yield against high fixed costs, while O&M dominates recurring costs. Implications for 

design and project development include prioritizing resource characterization and device 

availability, optimizing array sizing and layout to increase capacity utilization, and reducing 

installation and maintenance logistics to compress both BOS and O&M burdens. These insights 

can guide subsequent parametric studies within SAM to identify scenarios that materially 

improve cost competitiveness. 

 

Keywords: Tidal energy; System Advisor Model (SAM); techno-economic analysis; capacity 

factor; levelized cost of energy (LCOE); capital expenditure (CapEx); operations and 

maintenance (O&M); device array; balance of system (BOS); renewable marine energy.  
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1. INTRODUCTION 

 

The exploration process in the oil and gas industry faces several challenges related to 

drilling, production, and the transportation of hydrocarbons (Katysheva & Tsvetkova, 2019). 

This transport is usually carried out through subsea pipelines interconnected with a gathering 

unit. These pipelines must provide low internal resistance to facilitate fluid flow and sufficient 

external strength to withstand environmental conditions (Araújo & Moura, 2017). 

The transported fluid is a three-phase mixture of water, oil, and gas. When this mixture 

is exposed to low temperatures, these components can solidify, forming hydrates and deposits 

inside the pipelines; as this material accumulates, it can obstruct the lines and impede fluid flow 

(Fraga, 2017). The blockage of the fluid pathway represents a significant challenge and can 

lead to delays in production and transport, as loss of flow occurs when obstruction develops 

(Da Silva, 2015). 

In view of these transport challenges, several technologies have been developed to 

facilitate the process. An important technique to consider is the use of PIP (pipe-in-pipe) 

systems, which offer excellent thermal-insulation properties. A PIP system consists of an inner 

pipe that carries hydrocarbons and an outer pipe that supports the hydrostatic pressure of the 

environment. The annular space between the pipes provides thermal resistance, effectively 

preventing the formation of hydrates (Souza, 2008; Euphemio et al., 2004). 

One way to supply the energy required for resistive heating in the pipeline annulus is 

to use electricity. However, to reduce long-term operating costs, an alternative approach is to 

power the system with renewable energy sources (Costa & Prates, 2005). The oil industry is 

increasingly integrating renewables into its production and transport processes (upstream and 

downstream). In this context, wave energy emerges as an option, enabling power generation by 

harnessing wave motion (Dantas, 2015). The electricity generated from ocean waves can be 

applied to various systems, including pipeline heating, thereby avoiding hydrate formation 

(Ribeiro et al., 2007). 

By incorporating renewable energy sources, the oil industry can improve the efficiency 

and sustainability of its operations while simultaneously reducing long-term operating costs 

and lowering emissions of polluting gases that have major environmental impacts. These 

changes can be crucial for advancing techniques used in resource exploitation, decreasing the 

use of non-renewables by repurposing existing technologies for renewable-energy generation 

(Lamiz et al., 2014). 
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The importance of this study lies in implementing devices that capture wave energy 

and convert it into electricity to supply pipeline systems. This work offers a new perspective 

on using renewable energy in the oil industry, moving closer to the long-awaited energy 

transition. The objective is to assess the feasibility and effectiveness of using wave energy as a 

sustainable solution to prevent hydrate formation in these pipelines. 

 

2. THEORETICAL BACKGROUND 

  

Oil and gas are among the most widely exploited raw materials in the world, with uses 

dating back before the fourteenth century. Initially, petroleum products were extensively used 

in maritime applications such as sealing vessels, road paving, and even as flammable 

components in naval warfare. In 1847, the first petroleum refinery was established in Baku, 

highlighting the evolution in the material’s use, extending to public lighting through the 

production of kerosene from petroleum, which gained ground over other fuels (Morais, 2013; 

Macini & Mesini, 2018; Machado & Carvalho, 2021). 

Over time, the demand for kerosene led to increased oil production since, compared with 

coal oil and whale oil, it was economically more viable—especially given the decline in whale 

populations (Lucchesi, 1998; Martins et al., 2015; Sauer, 2016). Subsequent studies 

underscored petroleum’s diverse functionalities, particularly as a carbon- and hydrogen-based 

fuel (Prauchner et al., 2023; Li, H., et al., 2025). 

Today, oil is the world’s most important fuel source. Its high value has enabled the 

spread and evolution of production processes. Although oil is a finite resource, there is still 

significant exploration effort in this sector, with increasingly accurate, precise, and effective 

extraction technologies. Among the leading oil-producing countries in 2022, the United States 

stood out with total production of 17,770 thousand barrels/day (18.9%), followed by Saudi 

Arabia (12.9%), Russia (11.9%), Canada (5.9%), and others (Viana, 2024). 

Hydrocarbon reserve development involves geology, geophysics, and drilling 

techniques. Among the different approaches, onshore operations rely on technologies that 

operate on land. This activity is widely practiced in China (e.g., in wind-energy fields) and in 

the United States for oil and natural gas; in 2019, the United States reached production of 12.2 

million b/d from onshore systems using modern technology. In Brazil, this exploratory model 

accounts for only 2.4% and 12.8%, respectively (Schutte & Debone, 2021; EPE, 2021). 

Offshore systems, in turn, are used to reach reserves on the seafloor, drawing on maritime 
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techniques to map and study locations, as well as constructing drilling platforms that access 

reservoirs at great depths. Brazil is among the world’s top ten oil producers; the top three are 

the United States, Saudi Arabia, and Russia. According to Brazil’s National Agency of 

Petroleum, Natural Gas and Biofuels, national production reached 4.666 million barrels of oil 

equivalent per day (MMboe/d), of which 97.6% and 87.2% of oil and natural gas, respectively, 

came from offshore fields (ANP, 2023; Ortiz Neto & Shima, 2008). 

Offshore systems typically transport fluids via subsea lines connected or interconnected 

to a gathering unit, which is also responsible for maintaining and storing the extracted product 

until the next stages of the value chain (Chakrabarti, 1987). Fluid conduits must provide internal 

conditions conducive to flow and external resistance to physical and chemical variables 

(pressure, seawater temperature, and corrosive processes). 

During transport, several issues can interrupt flow in the pipelines. Because the three-

phase fluid (water, oil, gas) changes physically when exposed to lower temperatures along the 

route (Queiroz et al., 2019; Sousa et al., 2012), cooling can trigger physical reactions that cause 

solid compounds to precipitate (Araújo et al., 2017). These solids can deposit on inner walls, 

forming scale that hinders flow, increases hydraulic resistance, and reduces overall system 

efficiency (de Souza-Alves et al., 2023). To address these challenges, specific systems have 

been developed. 

PIP (Pipe-in-Pipe) systems represent a technological evolution for subsea fluid 

transport. This concept installs an inner pipe within an outer pipe, creating an isolated annular 

space that limits or reduces interaction between the flowing fluid and the external environment 

(Zampirolli & Marques, 2020). The design provides thermal benefits by minimizing heat loss 

during the transport of hot fluids, as well as mechanical benefits, improving resistance to 

external loads and corrosion (Wang et al., 2024; Bondarik et al., 2018). It is important that this 

structure be designed with durable materials, such as stainless-steel alloys and anti-corrosion 

coatings, to ensure long-term durability and structural integrity even in harsh marine 

environments. 

However, these production processes consume large amounts of electricity, which often 

entails burning fossil fuels and emitting CO₂. The oil and gas industry therefore seeks to reduce 

reliance on non-renewables and to implement systems powered by renewable energy, enabling 

the deployment of different sources based on natural dynamics (Losekann & Hallack, 2018; 

Teixeira & Pessoa, 2024; Araújo et al., 2022). The idea is that systems like PIP can be 
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supplied—fully or partially—by renewable sources, further supporting more sustainable 

production and potentially lowering costs. 

In the oil and gas industry, integrating renewables such as solar, wind, marine energy, 

and especially wave energy provides opportunities to tap alternative power sources that can be 

both productive and economically viable, primarily because the necessary resources are 

available on site (Zakariazadeh et al., 2024; De Oliveira et al., 2018). Installation costs can be 

offset by reduced reliance on non-renewables, yielding financial savings and more sustainable 

operations (Rossi et al., 2024; Pereira et al., 2019). 

The intention is to create hybrid systems that combine renewable generation with 

conventional oil and gas facilities to optimize operational efficiency and bridge supply gaps 

(Bamisile et al., 2024). In offshore platforms, environmental resources—particularly the 

ocean—offer opportunities to install power-generation systems. 

Given the locations of offshore platforms, wave energy is a promising renewable option, 

using the dynamics of wave motion to generate electricity. Technologies include turbines that 

harness mechanical wave motion and other ocean-energy conversion systems to extract energy 

from wave run-up and backwash (Costa & das Neves Gomes, 2024). 

One such technology is the Oscillating Water Column (OWC), which uses the 

oscillation of seawater to drive a turbine and generate electricity. This highlights the diversity 

of approaches to capturing renewable energy from ocean waves (De Oliveira et al., 2017; Deus 

et al., 2019; Zhao & Ning, 2024). A sound scientific basis is essential to determine the real value 

of such systems, analyzing their potential and, above all, their benefits for drilling and 

production systems (Zhao et al., 2024). 

 

3. METHODS 

3.1. General information and field of study 

The methodology consists of assessing the energy potential generated by a system that 

converts mechanical energy from variations in the water column into electricity, with the aim 

of heating pipe-in-pipe systems to prevent hydrate formation and deposits that reduce the flow 

of recovered hydrocarbons. According to Vennell (2012), hydrates can form at temperatures up 

to 36.85 °C. The simulations in this study use the System Advisor Model (SAM), version 

2022.11.21, developed by the National Renewable Energy Laboratory (NREL). 
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O The study area lies within the Pará–Maranhão Basin, where four points were selected 

forming a quadrilateral along the equatorial margin. The selected coordinates (latitude, 

longitude) are: (LAT: 0.095, LONG: −38.714), (LAT: −0.240, LONG: −38.052), (LAT: −0.651, 

LONG: −38.186), and (LAT: −0.375, LONG: −38.831). 

 

Figura 1. Study area in the Pará–Maranhão Basin. 

 

Data was extracted from the Copernicus Marine Service to obtain the potential temperature of 

seawater at the four points mentioned. The results indicate temperatures with a high potential 

for deposit formation (See Table 1.). 

 

Table 1. Temperature and Depth. 

Temperature (°C) Depth (m) 

27,74535 1,541375 

26,7292 55,76429 

21,55299 109,7293 

18,69008 130,666 

15,86047 155,8507 

12,59685 222,4752 

10,75081 318,1274 

 

3.2. Data Acquisition 
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Most data were obtained from the Copernicus Marine Service, specifically the Global 

Ocean Physics Analysis and Forecast product, which provides daily and monthly mean files of 

temperature, salinity, currents, sea level, mixed-layer depth, and ice parameters. It also offers a 

special surface-current dataset that includes wave and tide drift, known as SMOC (Surface 

Merged Ocean Current). 

By selecting four points of interest on the map (latitude and longitude), the product 

returns several model outputs. Four orthogonal components were chosen to support the 

analysis: east–west current velocity (u), north–south current velocity (v), and ocean potential 

temperature (thetao) for the period 01/2021 to 12/2023. 

Characterize the local hydrodynamic regime, we computed the horizontal current speed 

magnitude as |V|=√(u^2+v^2 ) from the Copernicus u (east–west) and v (north–south) 

components at the four selected coordinates for the 2021–2023 period. The resulting time series 

were aggregated into a normalized frequency histogram (Figure X). The distribution is 

dominated by moderate currents (≈0.3–0.7 m/s) with a clear right-skew and a low incidence of 

events >1.5 m/s. This velocity climatology complements the temperature and stratification data, 

providing (i) context for convective heat-loss conditions relevant to PIP thermal performance 

and hydrate risk, and (ii) a quality-control check on the marine forcing used later in the resource 

and heating simulations (see Figure 2). Because u (along-shelf) and v (cross-shelf) are 

orthogonal components of current velocity, the current speed magnitude is the square root of 

the sum of the squares of u and v. A Python script was written to compute this magnitude; the 

resulting data were saved as a CSV file for easier import and handling in SAM, which is 

subsequently used to simulate the energy available at the study points. 
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Figure 2. Velocity distribution at the study sites. Histogram of horizontal 

current speed (m/s) expressed as a percentage frequency. The distribution is 

right-skewed, with most observations between 0.3–0.7 m/s and a modal class 

around ~0.45–0.55 m/s (~12–13%). Speeds above 1.5 m/s are rare. 

 

3.3. Techno-economic simulation method (SAM — Tidal) 

The techno-economic assessment was conducted using the Tidal performance model of 

the National Renewable Energy Laboratory’s System Advisor Model (SAM, v2022.11.21). The 

workflow converts the site-specific current-speed resource into electrical output for a 

representative tidal device and then applies electrical architecture, capital and O&M costs, and 

financial assumptions to compute a screening-level levelized cost of energy (LCOE). All 

numerical inputs below correspond to the configuration shown in the provided SAM 

screenshots. 

3.3.1. Resource input and pre-processing 

The resource supplied to SAM is the empirical probability distribution of horizontal 

current speed (m s⁻¹) for the study area (Section 3.1). Current magnitude was computed from 

Copernicus east–west and north–south components as V = √(u² + v²) over 2021–2023 and 

binned into a normalized histogram (Figure X). Under the Tidal module, when time series are 

not used, each speed bin is mapped to device power via the manufacturer power curve and 

aggregated by bin probability to estimate annual energy. 
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3.3.2. Device and array configuration 

System sizing employed a single device, yielding a rated array capacity of 1,115 kW. 

The array layout was configured as one row with one device per row. Site parameters were 

distance to shore = 5,000 m, water depth = 50 m, and cable system overbuild = 10%. The 

“Floating array” and “Export cable redundancy” options were not enabled. This pilot-scale 

setup isolates device-level performance without inter-array interactions. 

3.3.3. Electrical collection and export 

Calculated cable lengths for the base case were inter-array = 0 m, export = 5,555 m, and 

riser = 0 m. Assumed AC cable voltages were 7.2 kV for inter-array, export, and riser circuits. 

Offshore and onshore substations were not required, the device exports directly to shore at the 

assumed medium voltage. In SAM, row spacing affects cable lengths but does not influence 

energy production for a single-device configuration. 

3.3.4. Cost model parameterization (CAPEX) 

SAM’s tidal cost framework was used with the option “Use Modeled Costs ($)” for each 

category. The modeled values (USD) are reported in Tables 2–4. Table 5 summarizes the total 

capital cost used in the LCOE. 

 

Table 2. Device Costs (Capital) 

Subcategory Modeled value (USD) 

Structural assembly $1,314,290.00 

Power take-off (PTO) system $2,633,386.00 

Mooring, foundation & substructure $878,883.00 

Total device costs $4,826,560.00 

 

 

Table 3. Balance-of-System (BOS) Costs (Capital) 

Subcategory Modeled value (USD) 

Development $3,126,698.00 
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Engineering & management $2,412,629.00 

Electrical infrastructure $885,871.00 

Plant commissioning $62,555.00 

Site access / port / staging $84,140.00 

Assembly & installation $2,758,791.00 

Other infrastructure $0.00 

Total BOS costs $9,330,684.00 

 

 

Table 4. Financial Costs (Capital) 

Subcategory Modeled value (USD) 

Project contingency budget $1,209,399.00 

Insurance during construction $151,175.00 

Reserve accounts $453,524.00 

Other financial costs $0.00 

Total financial costs $1,814,097.00 

 

3.3.5. Operations and maintenance (fixed annual) 

 

Table 5. Fixed Operations & Maintenance (Annual) 

Subcategory Modeled value (USD / year) 

Operations $914,126.00 

Maintenance $447,954.00 

Total fixed O&M $1,362,080.00 



 

  

10 

 

 

3.3.6. LCOE calculator settings 

SAM’s fixed-charge-rate (FCR) method was used for a screening-level LCOE estimate. 

The parameters used by the calculator are summarized in Table 6. The analytical expression is 

(Equation 1): 

LCOE = (FCR × Capital cost + Fixed operating cost) / Annual Energy + Variable 

operating cost (Equation 1). 

Table 6. CAPEX Summary (input to LCOE) 

Category Amount (USD) 

Total device costs $4,826,560.00 

Total BOS costs $9,330,684.00 

Total financial costs $1,814,097.00 

Total capital cost (CC) $15,971,341.37 

 

Table 7. LCOE Calculator Inputs (FCR method) 

Parameter Value 

System capacity 1,115 kW 

Capital cost (CC) $15,971,341.37 

Fixed operating cost (FOC) $1,362,080.09 / year 

Variable operating cost (VOC) $0.00 / kWh 

Fixed charge rate (real, FCR) 0.108 (10.8%) 

 

3.3.7. Computational workflow and outputs 

1) Import the velocity histogram for the four study coordinates; 2) configure the single 

1.115‑MW device and base layout; 3) set electrical collection/export parameters and voltages 

as above; 4) apply modeled Device, BOS, Financial, and O&M costs; 5) run the Tidal 
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performance simulation to obtain annual energy (AEP), net AC power, and capacity factor; 6) 

compute economic performance with the LCOE calculator using the specified FCR, CC, and 

FOC. The resulting energy and cost metrics are subsequently coupled to the pipe‑in‑pipe 

resistive‑heating analysis to quantify the renewable share of the heating load and any residual 

auxiliary power requirement. 

 

4. RESULTS AND DISCUSSION 

The conversion of the site’s current‐speed statistics into energy follows the familiar 

resource–device interplay: when the empirical velocity distribution is mapped through the 

turbine’s power curve, annual yield accumulates primarily in the bins that coincide with the 

modal currents, while the tails contribute little. This behavior is explicit in the Annual Energy 

Production by velocity bin (Figure 3), where production climbs from the lowest bins to a broad 

maximum in the mid-range (approximately bins 9–11) and then declines toward the high bins. 

 

Figura 3- . Annual Energy Production by velocity bin — mid-range bins dominate. 

 

The companion Cumulative Annual Energy Production (Figure 4) plateaus by around 

bin 18, confirming that infrequent high-speed events add only marginal energy over the year. 

In practical terms, this means that performance at this site is governed by capture in the mid-
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speed band rather than by rare peaks; consequently, device characteristics that improve 

conversion efficiency, lower the cut-in threshold, or bring the onset of rated operation closer to 

the 0.3–0.7 m s⁻¹ regime will move the energy needle far more than enhancements aimed solely 

at very high currents. 

 

Figura 4. Annual Cumulative Energy Production — curve saturates by ~bin 18, confirming 

limited impact of rare high-speed events. 

 

SAM’s Tidal model summarizes the production outcome as an annual energy of 212,946 

kWh for the single-device configuration, with an average net output of 26 kW against an 

installed capacity of 1,115 kW. The implied utilization is therefore on the order of 2 %, 

consistent with the value reported in the software summary (Table 7). This low-capacity factor 

is not a modeling artifact but a direct reflection of the site–device mismatch: the speed 

climatology is dominated by moderate currents, so the machine spends most of the year 

operating well below its rating. The mid-bin dominance seen in Figure 1 corroborates this 

reading. From an operational perspective, a continuous average of roughly 26 kW can make a 

measurable contribution to resistive heating of a pipe-in-pipe (PIP) system—particularly for 

short tiebacks, segmented heating zones, or scenarios with strong insulation and modest 

environmental heat loss—yet it is unlikely to carry the full heating load of long lines in colder 
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water without either scaling the array, hybridizing with grid/diesel power, or reducing thermal 

losses. 

 

Table 8. Summary tables — AEP 212,946 kWh; average power 26 kW; capacity factor 2 %; 

capital cost $15.97 M; O&M $1.36 M/yr; LCOE 1,449.65 ¢/kWh; detailed cost intensities and 

per-category LCOE contributions. 

 

Item Type Value Cost 
Cost per 

capacity 
LCOE 

Annual energy 

production 
Metric 212,946 kWh    

Average power 

per device 
Metric 26 kW    

System capacity Metric 1,115 kW    

Capacity factor Metric 2 %    

LCOE (Levelized 

cost of energy) 
Metric 1449.65 ¢/kWh    

Capital cost 

(total) 
Cost  $15,971,341.37 14,324 $/kW 8.10 $/kWh 

Device cost Cost  $4,826,559.72 4,329 $/kW 2.45 $/kWh 

Balance of system 

cost 
Cost  $9,330,683.69 8,368 $/kW 4.73 $/kWh 

Financial cost Cost  $1,814,097.96 1,627 $/kW 0.92 $/kWh 

O&M cost Cost  $1,362,080.09 /yr 1,222 $/kW/yr 6.40 $/kWh 

 

The economic outputs reinforce the same story. For the base case, SAM’s modeled 

capital cost is $15,971,341.37 (about $14,324 per kW), and the fixed O&M burden is 

$1,362,080.09 per year; variable O&M is set to zero for screening. Using a real fixed charge 

rate of 10.8 %, the levelized cost of energy (LCOE) reported by the model is 1,449.65 ¢/kWh, 

roughly $14.50/kWh (Figure 3). The LCOE decomposition makes clear where the pressure 

points lie: O&M accounts for 44.1 % of LCOE (about $6.40/kWh), balance-of-system (BOS) 

capital for 32.6 % ($4.73/kWh), device capital for 16.9 % ($2.45/kWh), and financial capital 

for the remaining 6.3 % ($0.92/kWh), as depicted in the pie chart (Figure 5). Two mechanisms 

drive these values. First, the energy denominator is small because of the low-capacity factor; 

large fixed charges—both the capital recovery and the annual O&M—are therefore spread over 

limited annual production. Second, the single-unit architecture forces lumpy BOS costs 
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(notably the 5.555 km export cable at 7.2 kV and the associated installation) to be carried by 

one device; the configuration deliberately avoids offshore/onshore substations to keep the 

electrical scheme simple, which is appropriate for a pilot but limits opportunities to optimize 

voltage, reduce cable cross-section, or share infrastructure across devices. 

 

Figure 5. LCOE contribution pie chart — O&M 44.1 %, BOS 32.6 %, Device 16.9 %, 

Financial 6.3 %. 

 

The figures also indicate cost intensities that are typical of early-stage deployments: 

approximately $4,329/kW for device hardware, $8,368/kW for BOS, $1,627/kW for financial 

capital, and $1,222/kW per year for fixed O&M (Figure 3). In a commercial multi-device 

context these values generally compress as installation logistics, export architecture, spare parts, 

and maintenance resources are shared across units, and as higher export voltages and subsea 

hubs reduce per-device cable length and losses. The strong mid-bin signal in Figure 1 suggests 

an additional lever: re-rating the device to bring cut-in and rated operation closer to the 

prevailing speeds or selecting a turbine with greater swept area per unit capacity and a power 

curve optimized for moderate flows. Either approach raises the time spent in the machine’s 

high-efficiency region and can lift annual energy substantially without changing site conditions. 

For the PIP heating application, these results imply a clear strategy. If the heating system 

is designed to accept variable renewable supply—through duty-cycling of the cable, 
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segmentation of heated lengths, and priority dispatch of tidal power whenever available—the 

single device can offset a meaningful share of the electrical load in benign segments. Where the 

thermal margin is tight or the heat loss per unit length is high, the base case will under-deliver; 

the appropriate response is not only to add auxiliary power, but also to attack the root causes 

by reducing the overall heat-transfer coefficient (better insulation or annulus design), shortening 

exposed lengths, and, if the marine resource allows, micro-siting to slightly more energetic 

corridors or adjusting hub height to benefit from vertical shear without compromising 

clearances. Because the Cumulative AEP flattens well before the highest velocity bins, 

incremental improvements that increase the frequency with which the device operates in the 

mid-range—through siting, rotor and control choices, or modest speed gains—will yield 

outsized energy returns relative to efforts targeted at rare high-speed events. 

Finally, it is important to situate these numbers within their modeling context. The 

assessment uses SAM’s default tidal cost framework and a statistical resource input derived 

from binned speeds rather than a full time series. Uncertainty therefore stems from 

manufacturer-specific power curves and availability assumptions, year-to-year variability in 

currents and possible differences between measurement depth and hub height, site-specific 

installation practices, and the simplifying electrical architecture of a pilot. Those caveats 

notwithstanding, the results are internally consistent with the hydrodynamic evidence provided 

by the velocity-resolved energy plots: moderate currents dominate production; the single 

device’s utilization remains low; and, as a result, LCOE is driven more by fixed O&M and BOS 

than by device hardware. The path to technical and economic improvement is correspondingly 

clear—match the machine to the modal resource, scale to share infrastructure and reduce O&M 

intensity and re-optimize export architecture—after which the same modeling chain can be 

rerun to quantify gains in both annual energy and cost of energy for the PIP heating duty. 
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5. CONCLUSION 

Energy is governed by moderate currents. The velocity-resolved results show that 

annual yield is concentrated in mid-speed bins; rare high-speed events add little to the total. 

This confirms that the site’s resource is dominated by moderate flows and that performance 

hinges on conversion efficiency in that band. 

Utilization is low for the base configuration. With AEP = 212,946 kWh, average net 

power ≈ 26 kW, and installed capacity = 1,115 kW, the capacity factor is ~2%. This reflects a 

mismatch between the turbine’s operating window and the prevailing speeds, not a modeling 

artifact. 

Economics are driven by fixed charges. The modeled capital cost is $15.97 M and fixed 

O&M $1.36 M/yr; the LCOE is ~$14.5/kWh. The LCOE decomposition indicates that O&M 

(44.1%) and BOS capital (32.6%) dominate, with device capital (16.9%) and financial costs 

(6.3%) contributing less—consistent with a single-device pilot carrying lumpy export and 

installation costs. 

Implications for PIP heating. A continuous mean supply of ~26 kW can offset a limited 

fraction of resistive heating demand—potentially useful for short or segmented lines with good 

insulation—but is unlikely to meet full heating requirements for long tiebacks or colder water 

columns without additional measures. 

Bottlenecks are identifiable and tractable. The principal constraints are (i) resource–

device mismatch, (ii) lack of scale (single device), and (iii) a minimalist electrical/export 

architecture that cannot share costs or reduce per-kW BOS and O&M. 
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