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GRAPH:  

Electrical Generation Plant Comparisons using new metrics 2019 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Report & Excel: https://www.neptunewave.ca/electric-generator-plant-comparison 

 Data references & 

calculations in report. 

https://www.neptunewave.ca/electric-generator-plant-comparison
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311 
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91% 

8,000 h 
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67 

 
36 
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.91% 

8,000 h 

5. COAL  
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101.5 

0.28  
139.8 

 
7,154 
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.57 

 
86% 

7,500 h 

6. SOLAR 
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49.5 

 
0.12 

 
11.6 

 
86,284 

 

10 km2 

 
.19 

 
34% 

3,000 h 

7. HYDRO 
Gravity Dam 
 

 
63.9 

 
25 

 
10.4 

 
96,112 

 

11 km2 

 
.50 

 
50% 

4,400 h 

8. WIND  
Turbine on 
Tower 

 
45 

 
25 

 
146.5 

 
6,825 

 

83 km2 

 
.46 

 
40% 

3,500 h 

9. TIDAL 
RANGE 
Gravity Pool 
 

 
77 

 
30 

 
.39 

 
2,586,207 

 

300 km2 

 
.29 

 
29% 

2,550 h 

10. TIDAL  
Stream 
 

 
205 

 
30 

 
.0048 

 
208,333,333 

 

 

20,000+ km2 

 
.40 

 
34% 

3,000 h 

 

Notes: 

* LCOE  In essence the LCOE is calculated as: the lifetime costs of the plant divided by the 
lifetime energy production (in MWh or kWh) it “Allows the comparison of different technologies (e.g., wind, 

TABLE:  Electrical Generation Plant Comparisons using new metrics 2019 

ordered by area required to produce 1TWh using new metric, see below for details 

 
 

CHART:  Electrical Generation Plant Comparisons using new metrics  2019  

 

Data References in Full Report at:  https://www.neptunewave.ca/electric-generator-plant-comparison 

 

https://www.neptunewave.ca/electric-generator-plant-comparison
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solar, natural gas) of unequal life spans, project size, different capital cost, risk, return, and capacities.” 

(https://www.energy.gov/sites/prod/files/2015/08/f25/LCOE.pdf)  But in fact, there are many different ways 
to make this calculation hence the different LCOE calculations are not equal and not comparable. 

To enhance the LCOE the Plant Income Factor is used. See next Note below. 

In this table the following sources are used for this list of LCOE values.  

Petroleum, Nat Gas CC, Nuclear, Coal Solar & Wind values from Lizard (see below “General References) for; 

Wave from NREL calculator for Wave (see below “4. Wave”); Hydro from Wikipedia LCOE (see below General 

References -Projected LCOE in US by 2020); Tidal Range from GEMAX (see below “9. Tidal Range”  ; Tidal 

Stream from World Energy Council (see below “General References” 

 

** Plant Income Factor (to supplement LCOE value) results from determining  the income a plant will 

receive at a nominal US$ per kWh ($ 0.05) from the production of 1 TWh of electricity and then obtains the 

Plant Income Factor by dividing the $ value by the max possible annual output (Name Plate Capacity * 8766 

hours)  

The values used in the calculation are from published sources, it allows universal comparison of a plants 

income from electricity production of a specific amount of energy – the higher the factor value the more 

income the plant receives. To verify the actual $ amount simply multiply the (Plant Income Factor number) 

by (the Name Plate Rating * 8766).  See below, “New Data Metrics” for details.  

 

*** w/m^2    Smil: http://www.vaclavsmil.com/wp-content/uploads/docs/smil-article-power-density-

primer.pdf   declares the following simple w / m^2 formula for generation plants: 

    W/m^2    = (Name Plate Rating [w] * Capacity Factor) / Area of Plant [m^2]  

which is used here throughout because of the large number of published inconsistent values for this metric.  

Other sets of w/ m^2 data can be found at:   https://www.strata.org/pdf/2017/footprints-full.pdf  for Coal, 

N. Gas, Nuclear, Solar. Wind & Hydro, and, the Brook and Bradshaw set in “Key role for nuclear energy in 

global biodiversity conservation“ at: https://onlinelibrary.wiley.com/doi/full/10.1111/cobi.12433 . 

the main problem with the w/m^2 metric is that there is no consistence with the are used for the plant some 

include mining, others transportation, some just use the plant area, other include the area used for 

maintenance and others for the mining and building components of the plant, e.g. for wind turbines. 

 

**** Area per TWh  (to supplement w/m^2 value) Enables the comparison of the area required by a 
generating plant in km^2 to produce the same amount of energy in a year (1 TWh / year). it only uses the 
published data for the plants annual output & area, and, a declared energy amount (1 TWh) common to all 
compared plants, this results in a verifiable km^2 values for easy comparisons of the different plants.  see 
details in “New Data Metrics”, page 8 below. 

 

https://www.energy.gov/sites/prod/files/2015/08/f25/LCOE.pdf
http://www.vaclavsmil.com/wp-content/uploads/docs/smil-article-power-density-primer.pdf
http://www.vaclavsmil.com/wp-content/uploads/docs/smil-article-power-density-primer.pdf
https://www.strata.org/pdf/2017/footprints-full.pdf
https://onlinelibrary.wiley.com/doi/full/10.1111/cobi.12433
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 SPREADSHEET:  Electrical Generation Plant Comparisons using new metrics 
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https://www.neptunewave.ca/electric-generator-plant-comparison
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DATA REFERENCES  
 

This section has 4 parts: 

• New Data Metrics: Plant Income Factor & Plant Area per TWh 

• General References for Comparisons of the 10 Generation Plants 

• Worldwide Energy & CO2 Production Charts from British Petroleum (BP) data 2017 

• References Specifically used for the 10 Generation Plants 

  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Statement of bias & expectations by the authors  
 
(1) Globally, we expect  the production of electricity will continue to be a mix of non-renewable & 
renewables. 
  
(2) BP reports (2018), that non-renewables (Coal, Nat. Gas & Oil) provide 86% of worldwide energy. 

We expect electricity production in 2050 will be: 
    30%  non-renewables, 
    30% nuclear &,  
   40% renewables. 
  We expect wave energy will provide 15-20% of renewable electricity production by 2050. 
 
(3) We assume, like MIT, that electricity provided by intermittent sources (primarily wind and solar) will be 
fully utilized by the respective grids whenever and wherever it is produced, and non-renewables will 
reliably provide “dispatchable and peaker generation” when needed.  

4) We look forward to the day when an over abundance of electrical energy is available for all people such 
that fossil fuel dispatchable and peaker power is not needed and the excess power not required during off 
peak periods will be utilized for non-time critical activities such as desalination and as yet undefined energy 
intensive activities. No shortages equals no scarcity ergo lower prices. 

5)We understand that Power is power, we must have it, that we need more of it increasingly, and that our 
future demands for power will continue to put pressure on power production. 
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New Data Metrics: Plant Income Factor & Plant Area per TWh           TOC 

Two new data metrics to strengthen energy production comparisons between each of non-

renewable (coal, gas, oil & nuclear) and renewable (hydro, wind, solar, wave & tidal) sources of 

electrical generation plants have been included in this analysis. 

These new data metrics are Plant Income Factor & Plant Area per TWh. 

 

Plant Income Factor is a $ value of income, based on the same amount (US$ 0.05 / kWh) paid to 

each generation plant to produce 1 TWh relative to 100% of name plate capacity. It uses only 

publicly available data (the plants annual output and name plate capacity), and, a declared $ amount 

common to all compared plants, which results in verifiable $ values to supplement LCOE $ values for 

comparisons of generation plants. 

 

Plant Area per TWh is the area (in km^2) required by each generation plant to produce the same 

amount of energy in a year (1 TWh / year). It only refers to a specific generation plant at a specific 

time which can then be compared to other specific plants; it only uses the published data for the 

plants annual output & area, and, a declared energy amount (1 TWh) common to all compared 

plants, this results in verifiable km^2 values to supplement w/m^2 values for comparisons of 

generation plants. 

 

1. Formula for the new Plant Income Factor metric 

which is the  US $ Plant Income Factor for each generation plant 

 

 

Plant Income Factor =  

 

 

Data Required for Plant Income Factor  

Example Plant Annual Output Name Plate Capacity US $ paid for energy  

                                             (MWh)                     (MWh) 

  3 Georges Dam 9,800,000  22,500   50.00 / MWh 

  Annapolis Tidal 50,000  20    50.00 / MWh 
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 First part: Plant Income Factor Formula:  

 
  Part 1 = ($50.00 * Plant Annual Energy Output in MWh)  

yields a $-MWh value based on the amount of output energy produced per year. 

For Example: 

   the 22,500 MW 3 Gorges Dam gets a large $-MWh 4,940,000,000; and,  

             the 20 MW Annapolis Tidal Range gets a small $-MWh 2,500,000 

 

These large & small cumbersome values are evened out by the  

Second part: Plant Income Factor Formula:  

 
 Part 2 = dividing (the first part) by (the name plate rating in MW * 8,766) 

 

For Example:           (Plant Income Factor)  

   the 3 Gorges Dam value ($-MWh 4,940,000,000) / (22,500*8,766 MWh) = $ 25.  and,  

             the Annapolis Tidal Range value ($-MWh 2,500,000) / (20*8766 MWh) =   $ 14. 

This division by 100% of the maximum possible plant energy (in MWh), that can be produced 

in a year, brings the Capacity Factor relationship into the calculation and yields a value, less 

than $ 100, for easy and accurate comparisons between the different generation Plants 

regardless of the system: fossil or renewable. 

 

NOTE: 

 To verify, convert back to the actual $ earned per year, simply:  

  multiply the (Plant Income Factor number) by (the Name Plate Rating * 8766) 

  For Example: 

   the 3 Gorges Dam Plant Income Factor  (25.0634 *(22,500*8766)) = $ 4,940,000,000.             

 the Annapolis Tidal Range Plant Income Factor  (14.2694 *(20*8766)) =$ 2,500,000.  

             

This new Plant Income Factor metric overcomes concerns raised about the use of the LCOE 

metric for  determining a uniform value for comparisons of non-renewable and renewable 

generation plants, due to the fact that different LCOE formulas are used for different generation 

plants, by:  

(a) using a declared value of the price paid to the plant for energy it produces; (b) using the value 

of the plants actual energy output per year; and, (c) using the value of the plants name plate 

capacity so the result is a consistent US $ Plant Income Factor for each plant for verifiable  and 

easy comparisons.   
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2. Formula for the new Plant Area per TWh metric 

(which is the Area Required to Produce 1 TWh per Year by each generation plant) 

 
Plant Area per TWh = (Plant Area in km^2) / (Number of TWh produced in a year) 

 

   Data Required for Plant Area per TWh  

 Example Plant Annual Output (TWh) Plant Area (km^2)        Comparison Energy 

  3 Georges Dam 9.8    1084           1 TWh 

  Ginna Nuclear 4.7    1.72           1 TWh 

 

HENCE using the formula for Plant Area per TWh we get:  

  For Example:    

   the 3 Gorges Dam Plant requires: (1,084 / 98.8 ) = 11 km^2 per 1 TWh 

   the R.E. Ginna Nuclear Steam Plant requires:  (1.7 / 4.7) = .37 km^2 per 1 TWh 

NOTE: 

   To verify that this new data metric is true simply: 

   multiply the result by the number of TWh produced by the plant / year      

   For Example:  

   the 3 Gorges Dam Plant (Area / TWh) 10.9717 * 98.8  = 1,084 km^2 plant area 

   the R.E. Ginna Nuclear Plant (Area / TWh) .3617 * 4.7  = 1.7 km^2 plant area 

 

This new Plant Area per TWh metric overcomes concerns raised about the calculation of the 

w/m^2 value, with respect to (a) non-consistent determination of the watt value and (b)non-

consistent determination of the area of the plant to be included in the calculation, by: (a) using 

a declared value of energy (1 TWh) to measure each plant to; (b) using the value of the plants 

actual energy output per year (in TWh); and, (c) using the value of the plants area from 

published data so the result is a consistent km^2 per 1 TWh produced for each plant for 

verifiable and easy comparisons.   
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General References for the Comparisons of Generation Plants  TOC   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Lazard (2017) 

On November 2, 2017 the investment bank Lazard released version 

11[75]  

of their LCOE report and version 3[76] of their LCOS report.[77]  

Generation Type  Low ($/MWh)  High ($/MWh)  

Solar PV - Rooftop Residential  187  319  

Solar PV - Rooftop C&I  85  194  

Solar PV - Community  76  150  

Solar PV - Crystalline Utility Scale  46  53  

Solar PV - Thin Film Utility Scale  43  48  

Solar Thermal Tower with Storage  98  181  

Fuel Cell  106  167  

Microturbine  59  89  

Geothermal  77  117  

Biomass Direct  55  114  

Wind  30  60  

Diesel Reciprocating Engine  197  281  

Natural Gas Reciprocating Engine  68  106  

Gas Peaking  156  210  

IGCC  96  231  

Nuclear  112  183  

Coal  60  143  

Gas Combined Cycle  42  78  

 

Average 

Per MWh 

 

49.5 

 

. 

 

45 

239 

 

 

147.5 

101.5 

60 
Energy-facts1.pdf     

also http://neinuclearnotes.blogspot.com/2015/07/how-much-land-does-

nuclear-wind-and.html 

 
 

 

 

 

 

http://neinuclearnotes.blogspot.com/2015/07/how-much-land-does-nuclear-wind-and.html
http://neinuclearnotes.blogspot.com/2015/07/how-much-land-does-nuclear-wind-and.html
http://neinuclearnotes.blogspot.com/2015/07/how-much-land-does-nuclear-wind-and.html
http://neinuclearnotes.blogspot.com/2015/07/how-much-land-does-nuclear-wind-and.html
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https://onlinelibrary.wiley.com/doi/epdf/10.1111/cobi.12433 

 

 

IRENA  
International Renewable Energy 
Agency  
is an intergovernmental 
organization to promote adoption 
and sustainable use of renewable 
energy.  
It was founded in 2009 and its 
statute entered into force on 8 July 
2010.  
The agency is headquartered in Abu 
Dhabi. 
 
NREL  
National Renewable Energy 
Laboratory,  
located in Golden, Colorado, USA, 
specializes in renewable energy 
and energy efficiency research and 
development. ...  
NREL has a number of PV research 
capabilities including research and 
development, testing, and 
deployment. 
Operating agency: 
MRIGlobal and Battelle Memorial 
Institute 
 

https://onlinelibrary.wiley.com/doi/epdf/10.1111/cobi.12433
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Brook & Bradshaw: “Key role for nuclear energy in global biodiversity conservation” 

The Brook & Bradshaw values for “Land Use km^2” for 1 TWh are for “for fuel mining and plant 

footprint” and are included in the excel spreadsheet, see page 6 above. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

NOTE: In the Comments to:  

https://www.energycentral.com/c/ec/how-much-land-does-solar-wind-and-nuclear-energy-require 

How Much Land Does Solar, Wind and Nuclear Energy Require?     By Jesse Jenkins the author cautions us: 

 

w / m^2 Notes from Vaclav Smil:  
http://www.vaclavsmil.com/wp-content/uploads/docs/smil-article-power-density-primer.pdf 

700 MW/279,615 m2 = 2,503.4 W/m2 

Robert W. Scherer Coal Plant in Georgia with installed capacity of about 3.5 GW, indicate the actual claims: 

coal storage yard of 36 ha, and an ash-settling pond of 120 ha (designed to last for the plant’s lifespan of some 

50 years) with the plant’s total operating area covering about 1,400 ha (all data from Georgia Power). With an 

average load factor of 75% this translates to power density of close to 190 W/m2. 

HENCE:  
3.5 * .75 = 2.625 GW = 2,625,000,000 w 
1,400 ha * 10,000 =  14,000,000 m  

https://onlinelibrary.wiley.com/doi/abs/10.1111/cobi.12433 

 

So:  2,625,000,000 / 14,000,000 = 187.5 w / m^2  rounded = 190 w / m^2 

https://www.energycentral.com/c/ec/how-much-land-does-solar-wind-and-nuclear-energy-require
http://www.vaclavsmil.com/wp-content/uploads/docs/smil-article-power-density-primer.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1111/cobi.12433
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https://www.strata.org/pdf/2017/footprints-full.pdf 

 

 

 

 

https://www.worldenergy.org/wp-content/uploads/.../WEResources_Marine_2016.pdf 

https://www.worldenergy.org/wp-content/uploads/.../WEResources_Marine_2016.pdf
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CHARTS:  Worldwide Energy Consumption & CO2 Emissions to 2017 
 

References used for the 10 Electrical Generation PlantsCHARTS:  

Worldwide Energy Consumption & CO2 Emissions to 2017 
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1. PETROLEUM DIESEL ENGINE       TOC 

 

Rated MW    1 MW  

Capacity Factor .099   .10 see chart below 

Output per Year   1MW * 8760 = 8,760 MWh * .1 = 876 MWh 

Area for Plant    2,000 sq. ft  Based on 6 units the size of 1 (8 ft. by 40 ft.) generator container 

     1 for generator, 2 for fuel storage, 2 for office and storage, 1 for parking   

      = 6 units = 6*(8*40) = 2,000 Sq. Ft. 

Hours Available per Year Hours / year = (8760*.10) = 876 h/y    (because it is running at full rated MW) 
LCOE Cost per MWh   US$ 239.00  (see Lizard, p. 5, Third Party General References)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Consumes 269 Liters / hour at 1000 kW (1MW) output  

Diesel Fuel US 2018= $ 3.123 / Gal (us) = 3.123/3.79 = US$ 0.824 per liter   1 US Gal = 3.79 liter 

Hence 269 liters costs (2018) 269 * .824 = US $ 221.656 per 1 MWh  (221.66/1000 = $0.22 per kWh TO RUN 

 

 

References used for the 10 Electrical Generation Plants 
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Cost Comparison for 1 MW Diesel Generator Purchase (2019) 

1 MW Diesel Generator (China)    =  US$ 70,000 

1 MW Diesel Generator (USA with UL approval)  =  US$ 230,000 

 



   Electrical Generation Plant Comparisons 2019                                                                                                                   Haynes       18 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Diesel Fuel US 2018= $ 3.123 / Gal (us) = 3.123/3.79 = US$ 0.824 per liter 

1 US Gal = 3.79 Liter 

Unit consumes 269 liters / hour at 1000 kW (1 MW) output = 269 * .0824 = $ 22.16 per hour of capacity operation 

 

 

 

 

 

AREA of 1 MW Diesel 

Unit  

Complete Plant 

Need space of  

8 - 40 ft. by 8 ft. 

Containers 

1 for diesel unit 

2 for fuel storage 

2 for Office and Storage 

1 for parking 

2 for space around   

8*(40*8) = 640 sq. ft. 

                 = 60 m^2 

 

AREA of 1 MW Diesel 

Unit  

Complete Plant 

$ 230,000 
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2. NATURAL GAS  Brighton Beach Ontario  CDN    TOC 

 
Rated MW    541.3 MW   (570 or 580 MW ?)  Avg = 564 MW 

Capacity Factor    from average USA C.F. (see below) for Combined Cycle Gas Plants = .563 

Output per Year   564 * 8760 = 4,940,640 * .563 = 2,781,580 

Area for Plant    from Google Earth (see below) .112 sq. km 

Hours Available per Year 8,000 h/y (only does not run for planned & unplanned maintenance) 
LCOE Cost per MWh   US$ 60.00  (see Lizard, p. 5, Third Party General References) 

   

 

 

  Area of Brighton Beach Gas Power Plant Windsor Ontario 

 0.112 km^2 

 

270 m 

 

270 m 414 m 

 

414 m 

414 * 270 = 111,780 sq. m 

= /1,000,000 = 0.112 km^2 

 

414 * 270 = 111,780 sq. m 

= /1,000,000 = 0.112 km^2 
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Siemens-Technical-Paper-Life-Cycle-Value-for-combined-cycle-power-
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Siemens-Technical-Paper-Life-Cycle-Value-for-combined-cycle-power-plants.PDF excerpt 

 

Siemens-Technical-Paper-Life-Cyclhttps://www.power-technology.com/features/tides-change-can-tidal-power-

compete-cost/  

“Tides are predictable centuries in advance, and we also know how strong they will be. However, the capacity factor – 

meaning the amount of power the turbine harvests compared to its potential – is not as high as offshore wind, for 

example, say 30% compared to 45% and above.” 

http://www.oceanenergycouncil.com/ocean-energy/tidal-energy/ 

Tidal range may vary over a wide range (4.5-12.4 m) from site to site. A tidal range of at least 7 m is required for 

economical operation and for sufficient head of water for the turbines. A 240 MWe facility has operated in France since 

1966, 20 MWe in Canada since 1984, and a number of stations in China since 1977, totaling 5 MWe. Tidal energy 

schemes are characterised by low capacity factors, usually in the range of 20-35%. 

Why Ocean Wave Energy? 

With acknowledgement to Capital Technology, Inc. “While lagging behind wind and solar in commercial 

development, ocean wave power is a more promising resource than either: 

• Because waves originate from storms far out to sea and can travel long distances without significant energy loss, 
power produced from them is much steadier and more predictable, both day to day and season to season. This 
reduces project risk; 

• Wave energy contains roughly 1000 times the kinetic energy of wind, allowing much smaller and less 
conspicuous devices to produce the same amount of power in a fraction of the space; 

• Unlike wind and solar power, power from ocean waves continues to be produced around the clock, whereas 
wind velocity tends to die in the morning and at night, and solar is only available during the day in areas with 
relatively little cloud cover; 

• Wave power production is much smoother and more consistent than wind or solar, resulting in higher overall 
capacity factors; 

• Wave energy varies as the square of wave height, whereas wind power varies with the cube of air speed. Water 
being 850 times as dense as air, this results in much higher power production from waves averaged over time; 

• Estimating the potential resource is much easier than with wind, an important factor in attracting project 
lenders; 

• Because wave energy needs only 1/200 the land area of wind and requires no access roads, infrastructure costs 
are less; 

• Wave energy devices are quieter and much less visually obtrusive than wind devices, which typically run 40-60 
meters in height and usually requiring remote siting with attendant high transmission costs. In contrast, 10 
meter high wave energy devices can be integrated into breakwaters in busy port areas, producing power exactly 
where it is needed; 

• When constructed with materials developed for use on off-shore oil platforms, ocean wave power devices 
(which contain few moving parts) should cost less to maintain than those powered by wind; 

Even though wave energy is at the very beginning of the manufacturing learning curve, capital costs per net kw 

are already down in the range of wind energy devices, and below solar. In areas of higher power costs, such as 

diesel-based communities not connected to the grid, investment returns from wave energy projects are 

potentially very attractive. In 1909, ocean wave power was used to light lamps on the Huntington Beach Wharf 

until a storm carried the apparatus out to sea. Long-term reliability of the OWC technology has now been 

demonstrated, with one device in India still going strong after 10 years of continuous operation.” 

rickWave Energy03.25.2014  

https://www.power-technology.com/features/tides-change-can-tidal-power-compete-cost/
https://www.power-technology.com/features/tides-change-can-tidal-power-compete-cost/
http://www.oceanenergycouncil.com/ocean-energy/tidal-energy/
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3. NUCLEAR R.E. GINNA Reactor  New York  USA   TOC 
 

Rated MW    582 MW  

Capacity Factor    4,697,675 MWh / (582 * 8760 = 5,098,320 MWh / year) = .921  

Output per Year   4,697,675 MWh 

Area for Plant    426 acres / 247.105 = 1.7239 sq. km  

Hours Available per Year Hours / year = (8760*.921) = 8068 h/y;    German Avg (2009) = 7,710 hours / year 

     We are using 8,000 hours / year  

LCOE Cost per MWh    US$ 147.50  (see Lizard, p. 5, Third Party General References) 
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https://www.nei.org/news/2015/land-needs-for-wind-solar-dwarf-nuclear-plants 

Land Needs for Wind, Solar Dwarf Nuclear Plant’s Footprint 
News  

Sustainable Development  

July 9, 2015  

• A 1,000-megawatt nuclear facility needs just over one square mile 
• Intermittent wind and solar need much more area to generate the same power 
• No U.S. wind or solar facility generates as much as the average nuclear plant 

Wind farms require up to 360 times as much land area to produce the same amount of electricity as a nuclear energy 

facility, a Nuclear Energy Institute analysis has found. Solar photovoltaic (PV) facilities require up to 75 times the land 

area. 

A 2015 report, “Land Requirements for Carbon-Free Technologies,” compared the land area that various types of 

electricity generation facilities would require to produce the same amount of electricity as a 1,000-megawatt nuclear 

power plant in a year. The results highlight the exemplary performance reliability of nuclear energy facilities as well as 

the very high energy density of nuclear fuel.  

A nuclear energy facility has a small area footprint, requiring about 1.3 square miles per 1,000 megawatts of installed 

capacity. This figure is based on the median land area of the 59 nuclear plant sites in the United States. In addition, 

nuclear energy facilities have an average capacity factor of 90 percent, much higher than intermittent sources like wind 

and solar. 

 

 

 

https://www.nei.org/news/2015/land-needs-for-wind-solar-dwarf-nuclear-plants
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By contrast, wind farm capacity factors range from 32 to 47 percent, depending on differences in wind resources in a 

given area and improvements in turbine technology. Solar PV capacity factors also vary based on location and 

technology, from 17 to 28 percent. 

Taking these factors into account, a wind farm would need an installed capacity between 1,900 megawatts and 2,800 

MW to generate the same amount of electricity in a year as a 1,000-MW nuclear energy facility. Such a facility would 

require between 260 square miles and 360 square miles of land. 

A solar PV facility must have an installed capacity of 3,300 MW and 5,400 MW to match a 1,000-MW nuclear 

facility’s output, requiring between 45 and 75 square miles. 

For comparison, the District of Columbia’s total land area is 68 square miles. The island of Manhattan is 34 square 

miles, and New York City’s five boroughs (Manhattan, Brooklyn, Queens, Staten Island and the Bronx) take up 305 

square miles. 

No wind or solar facility currently operating in the United States is large enough to match the output of a 1,000-MW 

nuclear reactor. The country’s largest wind farm, Alta Wind Energy Center in California, has an installed capacity of 

1,548 MW. The largest solar PV plants are the 550-MW Topaz Solar Farm and Desert Sunlight Solar Farm, both in 

California. Between six and 10 of these facilities would be needed to equal the annual output of the average nuclear 

reactor. 
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4. WAVE  NeptuneWave.ca  Vancouver  CDN  TOC 

    Based on Calculated projections from test measurements on smaller neptunewave units 

Rated MW    2.3 MW    

Capacity Factor   .72 

Output per Year   14,892 MWh over 8,000 hours / year 
                                                      Firm Power (% of 8,000 h / y) = 1.1 MWh for 1% [FIRM BASE OUTPUT];  

     1.4 MWh for 34%; 1.9 MWh for 41% and,  2.3 MWh for 24% [PEAK OUTPUT]. 

Area for Plant    75.0 m * 75.0 = 2,500 m^2 /1,000,000 = .0056 km^2   

      (includes area between adjacent units in an array) 

Hours Available per Year 8,000 h/y  (min. hrs depends on wave location & planned & unplanned maintenance) 

LCOE Cost per MWh   US$ 67.00   (using NREL LCOE Calculator see below)   

LCOE for NeptuneWave using:  https://www.nrel.gov/analysis/tech-lcoe.html 

NREL LCOE DOCUMENTATION SAYS: 
 

Levelized Cost of Energy (LCOE, also called Levelized Energy Cost or LEC) is a cost of generating energy (usually 
electricity) for a particular system. It is an economic assessment of the cost of the energy-generating system including 
all the costs over its lifetime: initial investment, operations and maintenance, cost of fuel, cost of capital. A net 
present value calculation is performed and solved in such a way that for the value of the LCOE chosen, the project's 
net present value becomes zero (Source: 2, 3).  

This means that the LCOE is the minimum price at which energy must be sold for an energy project to break even.  

 

 

 

 

 

 

 

 

 

 

 

NeptuneWave.ca   

2.3 MW units Costs  

(US$) 

 

Basically the 2.3 MW NeptuneWave unit 

will cost $7.5 million to build & deploy 

and $460,000 per year for O & M. 

Over 30 years (Capital Build and O&M) alone totals: 

$ 21,300,000. 

With other costs added in, 6.7 cents per kWh    

($ 67.00 / MWh) for power produced is required for 

the project to break even over 30 years (LCOE). 

 

 

See next page for LCOE Data and Calculation 

Wave Energy Advantages: 

Power  
Wave provides continuous power with a firm 
(guaranteed) base level of energy (MWh) for 
over 8,000 hours per year (91% of year). 
Solar & wind provide intermittent power 
. 
Hours of Operation  
8,000 h/y for wave  
3,000 h/y solar  
3,500 h/y wind) 

Capacity Factor   
72%  for Wave 
24% for solar 
50% for wind) 
. 
Footprint to make 1 TWh per year  
wave = < .5 km2;   
solar = 10 km2;  
off shore wind [Anholt] = 83 km2 

 

 

https://www.nrel.gov/analysis/tech-lcoe.html
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ONLINE SOURCE:  https://www.nrel.gov/analysis/tech-lcoe.html 

 

 

ONLINE SOURCE:  https://www.nrel.gov/analysis/tech-lcoe.html 

 

 

 

 

https://www.nrel.gov/analysis/tech-lcoe.html
https://www.nrel.gov/analysis/tech-lcoe.html


   Electrical Generation Plant Comparisons 2019                                                                                                                   Haynes       30 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AREA of 2.3 MW NeptuneWave Plant -- including space for adjacent Plants in an array 

 

 

AREA of 2.5 MW NeptuneWave Plant -- including space for adjacent Plants in an array 

 

VIEW of 2.3 MW NeptuneWave Plant from sea level (2019) 

 

 

VIEW of 2.5 MW NeptuneWave Plant from sea level (2019) 

NeptuneWave 2.3 

Area Calculation 

75.0 m * 75.0 = 

5,625 m^2 = 

.0056 km^2 

 

Note: 
Density of Air =  

1.25 kg/m3  

Density of Seawater = 

1025 kg/m3  

Seawater has   

837 times more 

Density than 

Air at sea-level. 

 

 

 

 

NeptuneWave 2.5 

Area Calculation 

50.0 m * 50.0 = 

2,500 m^2 = 

.0025 km^2 

 

Note: 
Density of Air =  

1.25 kg/m3  

Density of Seawater = 

1025 kg/m3  

Seawater has   

820 times more 

Density than 

Air at sea-level. 

 

75.0 

 

50.0 

75.0 

 

50.0 
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https://www.power-technology.com/features/tides-change-can-tidal-power-compete-cost/  

“Tides are predictable centuries in advance, and we also know how strong they will be. However, the capacity factor 

– meaning the amount of power the turbine harvests compared to its potential – is not as high as offshore wind, for 

example, say 30% compared to 45% and above.” 

http://www.oceanenergycouncil.com/ocean-energy/tidal-energy/ 

Tidal range may vary over a wide range (4.5-12.4 m) from site to site. A tidal range of at least 7 m is required for 

economical operation and for sufficient head of water for the turbines. A 240 MWe facility has operated in France 

since 1966, 20 MWe in Canada since 1984, and a number of stations in China since 1977, totaling 5 MWe. Tidal 

energy schemes are characterised by low capacity factors, usually in the range of 20-35%. 

Why ocean wave energy? 

With acknowledgement to Capital Technology, Inc. “While lagging behind wind and solar in commercial 

development, ocean wave power is a more promising resource than either: 

• Because waves originate from storms far out to sea and can travel long distances without significant energy 
loss, power produced from them is much steadier and more predictable, both day to day and season to 
season. This reduces project risk; 

• Wave energy contains roughly 1000 times the kinetic energy of wind, allowing much smaller and less 
conspicuous devices to produce the same amount of power in a fraction of the space; 

• Unlike wind and solar power, power from ocean waves continues to be produced around the clock, whereas 
wind velocity tends to die in the morning and at night, and solar is only available during the day in areas with 
relatively little cloud cover; 

• Wave power production is much smoother and more consistent than wind or solar, resulting in higher overall 
capacity factors; 

• Wave energy varies as the square of wave height, whereas wind power varies with the cube of air speed. 
Water being 850 times as dense as air, this results in much higher power production from waves averaged 
over time; 

• Estimating the potential resource is much easier than with wind, an important factor in attracting project 
lenders; 

• Because wave energy needs only 1/200 the land area of wind and requires no access roads, infrastructure 
costs are less; 

• Wave energy devices are quieter and much less visually obtrusive than wind devices, which typically run 40-
60 meters in height and usually requiring remote siting with attendant high transmission costs. In contrast, 10 
meter high wave energy devices can be integrated into breakwaters in busy port areas, producing power 
exactly where it is needed; 

• When constructed with materials developed for use on off-shore oil platforms, ocean wave power devices 
(which contain few moving parts) should cost less to maintain than those powered by wind; 

Even though wave energy is at the very beginning of the manufacturing learning curve, capital costs per net 

kw are already down in the range of wind energy devices, and below solar. In areas of higher power costs, 

such as diesel-based communities not connected to the grid, investment returns from wave energy projects 

are potentially very attractive. In 1909, ocean wave power was used to light lamps on the Huntington Beach 

Wharf until a storm carried the apparatus out to sea. Long-term reliability of the OWC technology has now 

been demonstrated, with one device in India still going strong after 10 years of continuous operation.” 

Rick Wave Energy 03.25.2014  

 

 

https://www.power-technology.com/features/tides-change-can-tidal-power-compete-cost/
http://www.oceanenergycouncil.com/ocean-energy/tidal-energy/
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5. COAL    Plant Scherer Georgia  USA     TOC 

 

Rated MW    3,600MW  

Capacity Factor    .55 (source US EIA – see below) 

Output per Year   3,600 * 8760 = 31,526,000 *.55 = 17,344,800 MWh 

Area for Plant    3,500 acres / 247.105 = 14.16 sq. km  

Hours Available per Year 7,500  h/y    (based on typical O&M and unscheduled shutdowns) 
LCOE Cost per MWh   US$ 101.5  (see Lizard, p. 5, Third Party General References) 
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https://www.sourcewatch.org/index.php/Scherer_Steam_Generating_Station  

Scherer Steam Electric Oil Fired Generating Station 

 

coal plant stats:         http://www.nrel.gov/docs/fy17osti/66506.pdf 

 

coal plant stats:         http://www.nrel.gov/docs/fy17osti/66506.pdf 

https://www.sourcewatch.org/index.php/Scherer_Steam_Generating_Station
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6. SOLAR Average of 2 Solar Farms in  INDIA    TOC 

 

Rated MW    824 MW  

Capacity Factor    .24  

Output per Year   1,727,000 MWh   (1.727 TWh) 

Area for Plant    17.06 sq. km  

Hours Available per Year 3,000  h/y    (typical from many references, see below) 
LCOE Cost per MWh   US$ 49.50   (see Lizard, p. 5, Third Party General References) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://wgbis.ces.iisc.ernet.in/energy/paper/hotspots_solar_potential/results.htm  

Prospects of solar power in India  (2011) 

India receives annual sunshine of 2600 to 3200 hours [2]. Table  4 shows the power input (Global 

insolation), maximum rated and actual on-site output (67.5 % of the rated as observed earlier) values at two 

different efficiencies (16% and 20%) for a system without battery backup considering the minimum ~7 hours 

of daily sunshine (or 2600 hours of annual). Regions receiving Global insolation of 5 kWh/m2/day and above 

can generate at least 77 W/m2 (actual on-site output) at 16% efficiency. 

[2] Citation: T. V. Ramachandra, Rishabh Jain and Gautham Krishnadas, 2011. Hotspots of solar potential in 

India. Renewable and Sustainable Energy Reviews 15 (2011) 3178–3186. 

 

http://www.sunwattindia.com/whysolar.html 

 Solar Energy In India  (2013) 

With about 300 clear, sunny days in a year, India's theoretical solar power reception, on only its land area, is 

about 5000 Petawatt-hours per year (PWh/yr) (i.e. 5000 trillion kWh/yr or about 600 TW).The daily average 

solar energy incident over India varies from 4 to 7 kWh/m2 with about 1500–2000 sunshine hours per 

year (depending upon location), 

 

 

 

http://wgbis.ces.iisc.ernet.in/energy/paper/hotspots_solar_potential/results.htm  

http://wgbis.ces.iisc.ernet.in/energy/paper/hotspots_solar_potential/results.htm
http://wgbis.ces.iisc.ernet.in/energy/paper/hotspots_solar_potential/references.htm
http://www.sunwattindia.com/whysolar.html
http://wgbis.ces.iisc.ernet.in/energy/paper/hotspots_solar_potential/results.htm
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Note: Solar Panels Float on Hydro Dam Reservoir  
 

https://qz.com/426718/japan-is-building-huge-solar-power-plants-that-float-on-water/ 

 Japan is building huge solar power plants that float on water 

By Steve MollmanJune 12, 2015 

Unlike coal-fired plants, solar power stations don’t produce smog but they do take up land. Or, at 
least they did. 

In Japan’s Hyogo prefecture, a solar station was recently launched that floats on a reservoir and 
will produce about 2,680 megawatt hours per year—enough for 820 typical 
households. Kyocera plans to build dozens of such stations on reservoirs around Japan, especially 
in areas lacking available land for utility-scale generation. 

With construction completed in late May and operations begun this week, the new installation 
measures 333 by 77 meters (1,093 by 253 ft) and will sell the energy it produces to Kansai Electric 
Power in Osaka for about ¥96 million ($780,000) annually, according to the Japan Times. Helpful, 
as Japan’s energy strategy in the aftermath of Fukushima calls for roughly doubling the amount of 
renewable power sources in the country by 2030. 

It employs nearly 9,100 waterproof solar panels and a float made of high-density polyethylene. 
It’s Kyocera’s third such installation, the first two being smaller versions launched on ponds earlier 
this year. 

One advantage of floating solar stations is efficiency. The water cools the system and thereby 
helps it generate power more efficiently (pdf) than if it were on the ground. Such installations also 
work particularly well on reservoirs. By shading the water, they also reduce evaporation and algae 
growth, two common concerns with reservoirs. 

Kyocera will next launch a particularly large floating solar installation in the Chiba prefecture’s 
Yamakura Dam reservoir next March, which will generate an estimated 15,635 megawatt hours 
per year—more than five times as much as the plant that just went online. 

 

 

Note: Solar Panels Float on Hydro Dam Reservoir  
 

https://qz.com/426718/japan-is-building-huge-solar-power-plants-that-float-on-water/ 

 Japan is building huge solar power plants that float on water 

By Steve MollmanJune 12, 2015 

https://qz.com/426718/japan-is-building-huge-solar-power-plants-that-float-on-water/
https://qz.com/author/smollmanqz/
http://www.japantimes.co.jp/news/2015/06/11/business/tech/kyocera-launches-worlds-biggest-floating-solar-power-station/#.VXpkfhOqqkr
http://www.nbcnews.com/news/world/fukushima-nuclear-disaster-japan-lifts-evacuation-orders-n374271
http://www.wsj.com/articles/japan-struggles-to-find-balanced-energy-strategy-1431545581
http://www.wsj.com/articles/japan-struggles-to-find-balanced-energy-strategy-1431545581
http://www.sersc.org/journals/IJSEIA/vol8_no1_2014/7.pdf
http://global.kyocera.com/news/2014/1205_dfsp.html
https://qz.com/426718/japan-is-building-huge-solar-power-plants-that-float-on-water/
https://qz.com/author/smollmanqz/
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7. HYDRO   3 Gorges Dam  CHINA     TOC 

 

Rated MW    22,500 MW  

Capacity Factor    98,800,000 MWh / (22,500 * 8760 = 197,100,000 MWh / year) = .501  

Output per Year   98.8 TWh = 98,800,000 MWh 

Area for Plant    = 1084 sq. km  

Hours Available per Year 6,750  h/y    (75% of the year)   see calculation and references below 
LCOE Cost per MWh   US$ 63.90   (see projected LCOE COSTS in US 2022, p. 5, Third Party General References) 

 

 

 

 

 

 

 

 

 

 

 

From: https://water.usgs.gov/edu/hybiggest.html 

 

https://water.usgs.gov/edu/hybiggest.html
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HENCE 3 Gorges is can be available to produce electricity for up to 8,500 hours per year (97%) but in fact the highest annual 

output of 98,800,000 MWh shows that the dam is only operating at   

98,800,000 / (22,500 * 8760 = 197,100,000 MWh / year) = .50 capacity,  

or at full capacity for half the year or 4,383 hours per year. 

The report by https://water.usgs.gov/edu/hybiggest.html  above says “because seasonal variations in water availability on the 

Yangtze River in China limit power generation at Three Gorges for a number of months during the year.” 

Hence we calculate the 3 Georges Hydro facility to be operational for 8766 hours per year – (24 hrs * 30.5 days per month * 3 

months) = 6,570 hours per year or 6570/8766 = 75% of the year 

 

 

 

 

 

 

 

 

https://water.usgs.gov/edu/hybiggest.html


   Electrical Generation Plant Comparisons 2019                                                                                                                   Haynes       39 
 
https://www.hydroworld.com/articles/2017/08/ctgc-begins-construction-on-the-16-gw-baihetan-hydropower-station-in-

southwest-china.html 

CTGC begins construction on the 16-GW Baihetan hydropower station in 

Southwest China 
WUHAN, Hubei, China  

08/03/2017  

By Gregory B. Poindexter  

Associate Editor  

 

China Three Gorges Corp. (CTGC) has begun construction of the 16-GW Baihetan hydropower 

station located on the lower reaches of the Jinsha River, between the borders of Sichuan and 

Yunnan provinces in Southwest China. 

China’s state-run news agency, Xinhua, reports construction on the station began today. According 

to 2016 estimates from China’s National Development and Reform Commission, the project will 

cost about US$6.3 billion. 

 

 

 

https://www.hydroworld.com/articles/2017/08/ctgc-begins-construction-on-the-16-gw-baihetan-hydropower-station-in-southwest-china.html
https://www.hydroworld.com/articles/2017/08/ctgc-begins-construction-on-the-16-gw-baihetan-hydropower-station-in-southwest-china.html
https://www.hydroworld.com/content/hydro/en/authors/greg-poindexter.html
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According to CTGC, the project’s main structures consist of the dam, flood discharge structures, 

water diversion and power generation facilities. The dam is a double-curvature arch dam with a 

maximum height of 277 m, a crest elevation of 827 m, a crest width of 13 m and a maximum 

bottom width of 72 m. 

The underground powerhouse will contain 16 generating units at 1,000 MW each and have an 

average annual power output of 60.24 TWh, which is equal to two-thirds of Beijing's electricity 

consumption in 2015, CTGC said. 

The first group of units are expected to begin operating in 2021. The project should be fully-

commissioned by the end of 2022. 

About 100,000 residents in Sichuan and Yunnan will be relocated to make way for the project that 

will manage a basin area of 430,000 km2, which is 91% of Jinsha River's basin area. 

Baihetan will be the world’s second highest capacity hydropower facility, second to the 22.5-GW 

Three Gorges hydroelectric project spanning the Yangtze River in Hubei province. Currently, the 

14-GW Itaipu hydroelectric power plant is the world's second-largest hydro facility, located on the 

Parana River at the border between Brazil and Paraguay. 

During the first week of July in an attempt to ease flood pressure on the Yangtze River, Three 

Gorges and the 2.9 GW Gezhouba hydro plants shut down a combined 26 generators, according to 

Xinhua. Three Gorges cut its output from 18.12 GW to 6 GW and Gezhouba from 2.9 GW to 1.5 

GW. 

In July, Voith Group and CTGC signed an agreement in Berlin, Germany, in which Voith will 

supply two 350 MW units for the US$1.5 billion 2.1-GW Zhejiang Changlongshan pumped 

storage hydropower station. 

The project is located in Anji County, Zhejiang province, between the cities of Tianhuangping and 

Shanchuan. 

 

 

 

 

 

 

http://www.hydroworld.com/articles/2015/06/china-s-three-gorges-hydropower-plant-accused-for-causing-landslide.html
http://www.hydroworld.com/articles/2015/06/china-s-three-gorges-hydropower-plant-accused-for-causing-landslide.html
http://www.hydroworld.com/articles/2017/07/china-s-biggest-hydropower-plants-cut-capacity-to-prevent-flooding.html
http://www.hydroworld.com/articles/2017/07/voith-will-supply-two-units-at-2-1-gw-zhejiang-changlongshan-pumped-storage-project-in-china.html
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HYDRO PROJECTS DECLARED RENEWABLE ENERGY By Indian 

Government 2019 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.hydroworld.com/articles/2019/03/indian-government-to-declare-large-hydropower-projects-a-renewable-

energy-source.html?cmpid=&utm_source=enl&utm_medium=hydro&utm_campaign=hydro_updates&utm_content=2019-

03-12&eid=302187755&bid=2390692 

 

 

 

 

 

https://www.hydroworld.com/articles/2019/03/indian-government-to-declare-large-hydropower-projects-a-renewable-energy-source.html?cmpid=&utm_source=enl&utm_medium=hydro&utm_campaign=hydro_updates&utm_content=2019-03-12&eid=302187755&bid=2390692
https://www.hydroworld.com/articles/2019/03/indian-government-to-declare-large-hydropower-projects-a-renewable-energy-source.html?cmpid=&utm_source=enl&utm_medium=hydro&utm_campaign=hydro_updates&utm_content=2019-03-12&eid=302187755&bid=2390692
https://www.hydroworld.com/articles/2019/03/indian-government-to-declare-large-hydropower-projects-a-renewable-energy-source.html?cmpid=&utm_source=enl&utm_medium=hydro&utm_campaign=hydro_updates&utm_content=2019-03-12&eid=302187755&bid=2390692
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https://www.greentechmedia.com/articles/read/wind-power-could-blow-past-hydros-capacity-factor-by-

2020#gs.kQU6qXwe 

Jan Dell, Matthew Klippenstein February 08, 2017   A NOTE on Capacity Factors 

Legacy hydroelectricity -- clean, dispatchable and cheap -- has long dominated the renewable energy sector as a 

dependable workhorse. But by the decade’s end, wind may end up wearing the capacity factor crown.   

Capacity factor is the ratio of a generator’s annual power production to the power it could have produced if it ran at 100 

percent rated capacity 24/7. It’s a valuable measure of the generator’s ability to operate at its full potential and maximize 

the value of sunk-cost capital investments. Last year the United States nuclear fleet managed a capacity factor of 92 

percent, while coal plants and combined-cycle natural gas generators managed 55 percent and 56 percent, respectively. 

As recently as 2008, coal’s capacity factor was 73 percent. 

The capacity factor for conventional dam-based hydroelectricity is lower -- in the 40 percent range -- owing to its use as 

flexible, load-following supply. Despite the continuing shuttering of coal capacity, hydro’s capacity factor has been 

slowly declining since 2008 as natural gas, wind and solar have seamlessly stepped in, while electricity demand has 

remained flat. The EIA estimates that gross U.S. electricity consumption fell 2 percent from 2007 to 2015, despite 

concurrent population growth of 8 percent. 

Droughts have also been a factor; until the welcome wet weather this winter, operators struggled to maintain water levels 

in reservoirs. Lower water levels mean less hydrostatic head is available -- and incrementally more water needs to be 

released -- to generate each megawatt-hour, exacerbating reservoir management challenges. At the end of 2016, Lake 

Mead, which feeds the Hoover Dam, had dropped more than 130 feet (one third of an NFL football field, with end zones) 

since the turn of the millennium, falling to its lowest levels since it was filled in the 1930s. Robust water conservation 

efforts now underway will reduce water demand, thereby decreasing the Hoover Dam’s capacity factor. 

 

 

https://www.greentechmedia.com/articles/read/wind-power-could-blow-past-hydros-capacity-factor-by-2020#gs.kQU6qXwe
https://www.greentechmedia.com/articles/read/wind-power-could-blow-past-hydros-capacity-factor-by-2020#gs.kQU6qXwe
https://www.eia.gov/electricity/monthly/epm_table_grapher.cfm?t=epmt_6_07_b
https://www.eia.gov/electricity/monthly/epm_table_grapher.cfm?t=epmt_6_07_b
https://www.eia.gov/electricity/monthly/epm_table_grapher.cfm?t=epmt_6_07_a
https://www.eia.gov/electricity/monthly/current_year/december2013.pdf
https://en.wikipedia.org/wiki/Hydrostatic_head
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8. WIND   ANHOLT 1 WIND FARM  DENMARK     TOC 

 

Rated MW    400 MW  

Capacity Factor    .494 

Output per Year   (400*8766) *.494 = 1,732,162 MWh 

Area for Plant    144 sq. km  

Hours Available per Year 3,500  h/y     
LCOE Cost per MWh   US$ 45.00   (see Lizard, p. 5, Third Party General References) 
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https://ens.dk/en/our-services/statistics-data-key-figures-and-energy-maps/overview-energy-sector 

 

 

https://ens.dk/en/our-services/statistics-data-key-figures-and-energy-maps/overview-energy-sector 

 

https://ens.dk/en/our-services/statistics-data-key-figures-and-energy-maps/overview-energy-sector
https://ens.dk/en/our-services/statistics-data-key-figures-and-energy-maps/overview-energy-sector


   Electrical Generation Plant Comparisons 2019                                                                                                                   Haynes       45 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Wind_power 

WIND Capacity Factor  

Since wind speed is not constant, a wind farm's annual energy production is never as much as 

the sum of the generator nameplate ratings multiplied by the total hours in a year. The ratio of 

actual productivity in a year to this theoretical maximum is called the capacity factor. Typical 

capacity factors are 15–50%; values at the upper end of the range are achieved in favourable 

sites and are due to wind turbine design improvements.[83][84][nb 1]  

Online data is available for some locations, and the capacity factor can be calculated from the 

yearly output.[85][86] For example, the German nationwide average wind power capacity factor 

over all of 2012 was just under 17.5% (45,867 GW·h/yr / (29.9 GW × 24 × 366) = 0.1746),[87] 

and the capacity factor for Scottish wind farms averaged 24% between 2008 and 2010.[88]  

Unlike fueled generating plants, the capacity factor is affected by several parameters, including 

the variability of the wind at the site and the size of the generator relative to the turbine's swept 

area. A small generator would be cheaper and achieve a higher capacity factor but would 

produce less electric power (and thus less profit) in high winds. Conversely, a large generator 

would cost more but generate little extra power and, depending on the type, may stall out at low 

wind speed. Thus an optimum capacity factor of around 40–50% would be aimed for.[84][89]  

A 2008 study released by the U.S. Department of Energy noted that the capacity factor of new 

wind installations was increasing as the technology improves, and projected further 

improvements for future capacity factors.[90] In 2010, the department estimated the capacity 

factor of new wind turbines in 2010 to be 45%.[91] The annual average capacity factor for wind 

generation in the US has varied between 29.8% and 34% during the period 2010–2015.[92]  

 

 

https://en.wikipedia.org/wiki/Wind_power 

WIND Capacity Factor  

Since wind speed is not constant, a wind farm's annual energy production is never as much as 

the sum of the generator nameplate ratings multiplied by the total hours in a year. The ratio of 

actual productivity in a year to this theoretical maximum is called the capacity factor. Typical 

capacity factors are 15–50%; values at the upper end of the range are achieved in favourable 

sites and are due to wind turbine design improvements.[83][84][nb 1]  

Online data is available for some locations, and the capacity factor can be calculated from the 

yearly output.[85][86] For example, the German nationwide average wind power capacity factor 

over all of 2012 was just under 17.5% (45,867 GW·h/yr / (29.9 GW × 24 × 366) = 0.1746),[87] 

and the capacity factor for Scottish wind farms averaged 24% between 2008 and 2010.[88]  

Unlike fueled generating plants, the capacity factor is affected by several parameters, including 

the variability of the wind at the site and the size of the generator relative to the turbine's swept 

area. A small generator would be cheaper and achieve a higher capacity factor but would 

produce less electric power (and thus less profit) in high winds. Conversely, a large generator 

would cost more but generate little extra power and, depending on the type, may stall out at low 

A comment on the article starting on the next page 
from: https://www.dailymail.co.uk/news/article-5657885/JAMES-DELINGPOLE-wind-turbine-trick.html 

 

viewed Jan 29, 2019 
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RE: https://www.dailymail.co.uk/news/article-5657885/JAMES-DELINGPOLE-wind-turbine-trick.html  Excerpts below: 

12 MW Wind Turbine to be tested by GE Renewable Energy at Blyth, Northumberland. 
 

 

 

Daily Mail London 

April 28, 2018 
Excerpts: 

Today, huge 

turbines  can be 

built more 

efficiently using 

tubular steel and 

concrete (for the 

towers) and carbon 

fibre (for the 

blades). At last, the 

era of Big Wind is 

upon us, with a 

new generation of 

turbines that are 

bigger — and 

create more 

electricity — than 

ever before. 

Standing 853ft 

(260 metres) tall 

with 351ft-long 

blades (107 

metres), it will 

produce electricity 

equal to the annual 

consumption of 

16,000 homes. The 

size of such a 

turbine will make it 

too obtrusive to 

site on land. 

 

Continued  

next page 

 

https://www.dailymail.co.uk/news/article-5657885/JAMES-DELINGPOLE-wind-turbine-trick.html
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Continued from page 45:  Imagine: no more 'dirty' fossil fuel power; just thousands of offshore turbines swishing in the 

distance, generating free, 'low carbon' electricity until the end of time. 

So runs the theory. But then, as with so many utopian schemes, there are huge catches — starting with the eye-watering 

cost. 

Electricity produced by onshore wind costs twice as much as conventional gas-fired electricity generation; offshore 

wind three times as much. The only reason the wind industry is viable is because of the massive subsidies it receives. 

Subsidies raised silently from your energy bill. 

British Gas has said that by the end of this year, green taxes will add a fifth to the average fuel bill. Iain Conn, boss of 

parent company Centrica, said: 'It is going to be, in our estimates, about £200 on everyone's bill which is getting on for 

20 per cent.' 

By 2020/21, according to the Office for Budget Responsibility (OBR), the total cost of all the subsidies for renewable 

electricity will be nearly £11 billion a year, and wind power will be taking more than half of that. And don't be taken in 

by that ad campaign by Greenpeace and a coalition of environmental groups and electricity suppliers last year, claiming 

that the cost of wind energy is plummeting to the point where it's now cheaper than fossil fuel power. 

No it's not. The ads were withdrawn as the result of a successful complaint to the Advertising Standards Authority, 

because they were deliberately misleading propaganda, based on projected costs, not real, current figures. 

In fact, Professor Gordon Hughes, of the University of Edinburgh, and his colleagues showed in a recent study 

published by the Global Warming Policy Foundation think-tank, that the capital costs of new offshore wind farms do 

not appear to be falling and indeed appear to be still rising as wind projects move into deeper waters. 

Also, being far out at sea, they won't alienate all those rural voters who can't stand having wind turbines industrialising 

the countryside, disturbing their sleep and killing bats and birds. 

Despite its huge cost, offshore wind remains a vital part of the Government's energy strategy — its best hope of 

meeting its EU-driven CO2 reduction obligations, under the 2008 Climate Change Act. But according to John 

Constable, of the Renewable Energy Foundation, this is a chimera. 

Wind energy, he says, will never be a solution because of 'fundamental physics: wind, by its nature, is a low density 

and intermittent flow of energy. Correcting those deficiencies to supply reliable electricity to consumers means huge 

capital expense in the turbines and in the electricity system as a whole'. 

Making turbines bigger and putting them out at sea only makes things worse. They are much more expensive to erect 

and maintain in a remote, hostile environment, and have a much shorter working life. 

Analysts have known for years that rising repair costs would mean the economic lifetimes of turbines were way under 

the 25 years promised by the industry. 

In February this year, Danish offshore wind operator Ørsted admitted it might have to repair the blades of more than 

600 turbines, after just a few years on the water, at a cost of about £1million per turbine. 

And the bigger they are, the worse this is going to get, for all sorts of reasons. 

These machines are already dealing with large forces, putting huge loads on their components. Making them bigger just 

increases the problem, and not just because of increased weight. Wind shear — the difference in wind speed at different 
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heights — leads to uneven loading at the top and bottom of the blade radius and causes huge strain on the working 

parts. This is really difficult and very expensive engineering. 

Then there's the erosion of the blades, due to high-speed impacts with small particles, dust, ice and salt. Ørsted is 

replacing those blades because their edges had become rough, and as any engineer will tell you, when a wing gets 

rough it becomes unstable. 

But if wind is really so expensive, inefficient and environmentally damaging, why does our Government remain so 

committed to it? 

Largely because of the lobbying of a hugely powerful industry. An industry desperate not to lose its extraordinarily 

generous subsidies. 

For example the (mostly foreign) owners of the London Array — the largest wind farm in the world, off the coast of 

Kent, which was opened by David Cameron in 2013 — receives about £190 million a year in subsidies, on top of 

selling electricity they make. That sort of windfall, forgive the pun, ensures the industry presses its case with ruthless 

efficiency. 

It is now under real pressure. The Treasury has put a moratorium on new subsidies until the middle of the next decade 

at the earliest, and the wind industry is trying to survive by pretending that falling generation costs have made them 

economically viable. Secretly, they are hoping for a change of policy (Jeremy Corbyn?) and a stonking carbon tax. 

This latest propaganda about 'bigger', 'better', 'faster' new mega-turbines is designed to keep us and the politicians in the 

industry's thrall. 

Even now, they are building the new biggest wind farm in the world, called Hornsea Project One, off the Yorkshire 

coast. It will have 174 turbines over a 240-square mile area, each 620ft high (189 metres). And that's before we get on 

to Hornsea Projects Two and Three, which are already in the pipeline and which, you can bet, will be still larger and 

with even more monstrous turbines. 

As the Renewable Energy Foundation's John Constable explains: 'All this is designed to give the illusion that there has 

been massive technological progress in the industry when in fact the major problems remain unsolved: the energy in the 

wind is of low quality. Turning it into high quality, reliable energy for the consumer is still very expensive indeed.' 

Yet the propaganda often finds a ready audience because so many want to believe, against all the evidence, that wind 

must be a preferable alternative to our gas-fired turbines, vanishing set of coal-fired plants or ageing nuclear reactors. 

We don't want to hear about the intermittency of the wind, which makes it so problematic as a reliable source of power 

for an advanced economy and means we need alternative generating capacity as well. 

Read full article:   

https://www.dailymail.co.uk/news/article-5657885/JAMES-DELINGPOLE-wind-turbine-trick.html 

 

 

 

 

https://www.dailymail.co.uk/news/article-5657885/JAMES-DELINGPOLE-wind-turbine-trick.html
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9. TIDAL RANGE  (Pool or Barrage)  Annapolis Generator  CDN    TOC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rated Capacity MW   20 MW  
Capacity Factor    50GWh/ yr = 50,000 MWh / (20MW * 8760hr) =   .285 

Output per Year   50 GWh 
Area for Plant    ESTIMATED AREA OF ANNOPOLIS TIDAL POOL  

     ESTUARY 50,000 m by 300 m = 15,000,000 sq. m /  

     1,000,000 = 15 km^2 

Hours Available per Year 4.5 hours / day * 365 = 1,650 h/y   (Single Direction)  
Cost per MWh    US$ 410.00   assumed (see Reference below  

     this section:  Tidal Energy – IRENA

 www.irena.org/DocumentDownloads/Publications/Tidal_Energy_V4_WEB.pdf 
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 Estimation of annual energy output from a 

tidal barrage using two ... 

www.academia.edu/.../Estimation_of_annual

_energy_output_from_a_tidal_barrage_u... 
The accuracy of Eq. (2) can be validated from the data of a few 
operating tidal power plants 
[12]. For example, the La Rance tidal power station is located in the 

estuary of the Rance River in 
Brittany, in France, and is currently the largest tidal power station 

under operation in the world in 

terms of installed capacity, with a capacity of 240 MW. The area of 
the enclosed basin is 22.5 km 

with a mean tidal range of 8.5 m. The actual average annual energy 

output over the past 30 years 
has been approximately 533 GWh. According to Eq. (2), the 

theoretically estimated electricity 

output for the La Rance power station is about 517 GWh per year, 
which is very close to the actual 

energy generated.  

The second example is the Annapolis tidal power plant of Nova 
Scotia Power, 

which is located in the Bay of Fundy, Canada. This bay has the 

highest ocean tidal range worldwide, 
with a maximum tidal range of 16 m [26]. The enclosed basin area 

within the Annapolis River 

cathment is about 6 km, with a mean tidal range of 6.4 m [9]. The 

station has a generating capacity  

of 20 MW, which is connected to the national grid. This tidal facility 

uses one turbine, the largest 
Straflo (rim) turbine under operation in the world, producing about 

50 GWh of electricity per year 

[27]. According to Eq. (2), the theoretical estimation value is about 
50 GWh per year if a value of  

= 0.2 is used. 

Another operating experimental plant is the Jiangxia tidal power 
station, located in the East 

China Sea. The total installed capacity of this power station is 3.9 
MW, which makes it the third 

largest tidal power station in the world [28]. The area of the enclosed 

basin is 1.37 km 
, with a mean tidal range of 5.1 m. According to Eq. (2), the 

theoretical estimated power output is about 7 GWh per year if a 

value of = 0.2 is used. This low power conversion efficiency is 
caused by the low 

operation level and the presence of local land reclamation in the 

basin. The actual mean annual 
energy output ranges from 6 to 7 GWh.  

The Sihwa Lake Tidal Power Station near the southern 

Incheon Port in Korea is a large tidal power station currently under 
construction, and it will operate 

with a total installed capacity of 254 MW, surpassing the 240 MW 

of the Rance Station, to become 
the world's largest tidal power station [29]. The annual energy output 

 

 

 

Annapolis Generating Station Nova Scotia CDN 

 

 

Annapolis Generating Station Nova Scotia CDN 

 

Annapolis River      

From Wikipedia, the free encyclopedia 

Location 

Country Canada 

Physical characteristics 

Source   

 - location Caribou Bog 

Mouth 
  

 - location Annapolis Basin 

 - elevation sea level 

Length 120 km (75 mi) 

Basin size 2,279 km2 (880 sq mi)[1] 

 

 

 

 

Annapolis River      

From Wikipedia, the free encyclopedia 

The Annapolis River is a Canadian river located in Nova Scotia's Annapolis Valley.  

Geography 

Measuring 120 kilometres in length,[2] the river flows southwest through the western part of the valley from its source in Caribou 
Bog (50 m [160 ft] above sea level) near the villages of Aylesford and Berwick in western Kings County, to its mouth at Port Royal 
where it empties into the Annapolis Basin. The estuary portion of the Annapolis River runs from Bridgetown to Port Royal and 
experiences a tidal range of approximately 7.5 m (25 ft) between tides. 

ESTIMATED AREA OF ANNOPOLIS TIDAL POOL ESTUARY  

50,000 m by 300 m = 15,000,000 sq. m / 1,000,000 = 15 km^2 
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https://en.wikipedia.org/wiki/Canada
https://en.wikipedia.org/wiki/Nova_Scotia
https://en.wikipedia.org/wiki/Annapolis_Valley
https://en.wikipedia.org/wiki/Annapolis_River#cite_note-2
https://en.wikipedia.org/wiki/Aylesford,_Nova_Scotia
https://en.wikipedia.org/wiki/Berwick,_Nova_Scotia
https://en.wikipedia.org/wiki/Kings_County,_Nova_Scotia
https://en.wikipedia.org/wiki/Port_Royal,_Annapolis_County,_Nova_Scotia
https://en.wikipedia.org/wiki/Annapolis_Basin
https://en.wikipedia.org/wiki/Bridgetown,_Nova_Scotia
https://en.wikipedia.org/wiki/Port_Royal,_Annapolis_County,_Nova_Scotia


   Electrical Generation Plant Comparisons 2019                                                                                                                   Haynes       51 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tidal Energy – IRENA 
www.irena.org/DocumentDownloads/Publications/Tidal_Energy_V4_WEB.pdf 

Tidal Production Hours per Day 

 

Tidal range technology has a number of options for power 

generation: 

I.) One way power generation at ebb tide: The reservoir is filled at 

flood tide through sluice gates or valves that are closed once the tide 

has reached its highest level. At the ebb tide, the water in the reservoir 

is released through the turbines and power is generated. With this 

single cycle, power is generated for only four hours per day. 

Annapolis in Canada is an ebb generation plant. 

 

II.) One way power generation at flood tide: At flood tide the 

sluice gates 

are kept closed to isolate the reservoir while at its lowest level. When 

the tide is high, the water from the sea-side flows into the reservoir via 

the turbines, thus generating power. The disadvantage of this cycle is 

that it has less capacity and generates less electricity, and it may be 

ecologically disadvantageous as the water level in the impoundment is 

kept at a low level for a long time. Sihwa is a flood generation plant. 

 

III.) Two way power generation: Both incoming and outgoing tides 

generate power through the turbines. This cycle generates power for 

four hours twice daily. However, reversible turbines are required. La 

Rance is an ebb and flood generation plant; bulb turbines can also 

pump water for optimisation. 
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Tidal Energy – IRENA 
www.irena.org/DocumentDownloads/Publications/Tidal_Energy_V4_WEB.pdf 

Tidal Cost indications  

 

Tidal range power generation is dominated by two large plants in 

operation, the ‘La Rance’ barrage in France and the ‘Sihwa dam’ in South 

Korea. The construction costs for ‘La Rance’ were around USD 340 per 

kilowatt (/kW) (2012 value; commissioned in 1966), whilst the Sihwa 

barrage was constructed for USD 117/kW in 2011. The latter used an 

existing dam for the construction of the power generation technology. 

The construction cost estimates for proposed tidal barrages range 

between USD 150/kW in Asia to around USD 800/kW in the UK, but are 

very site specific. Electricity production costs for ‘La Rance’ and ‘Sihwa 

Dam’ are EUR 0.04 per kilowatt-hour (/kWh) and EUR 0.02/kWh, 

however these costs are very site specific. Tidal range technologies can 

be used for coastal projection or water management, which would reduce 

the upfront costs. On the other hand, additional operational costs may 

occur due to the control, monitoring and management of the ecological 

status within the impoundment. 

 

EUR (.25 + .47) /2 = .36 Convert to US$ = .41 / kWh = 

.41 * 1000 = US$ 410.00 per MWh = LCOE ? 
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The International Renewable Energy Agency is an 

intergovernmental organization to promote adoption 

and sustainable use of renewable energy. It was founded 

in 2009 and its statute entered into force on 8 July 2010. 

The agency is headquartered in Abu Dhabi. 

 

The International Renewable Energy Agency is an 
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and sustainable use of renewable energy. It was founded 
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http://www.irena.org/DocumentDownloads/Publications/Tidal_Energy_V4_WEB.pdf
http://www.irena.org/DocumentDownloads/Publications/Tidal_Energy_V4_WEB.pdf
http://www.irena.org/DocumentDownloads/Publications/Tidal_Energy_V4_WEB.pdf
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[PDF] Electricity Generation by the Tidal 

Barrages - CORE 

https://core.ac.uk/download/pdf/82126464

.pdf 

by A Etemadi - 2011 - Cited by 22 - Related 

articles 

ICSGCE 2011: 27–30 September 2011, 

Chengdu, China. Electricity Generation by 

the Tidal Barrages. Ahmad Etemadi* 
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Tidal Range Resources World Wide - Figure 9 
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http://www.energybc.ca/tidal.html  

One major drawback of tidal barrages is that the tide only goes out for so much time per day,  

and power is generated for as little as four hours a day, giving barrages low levels of efficiency 

in the 20-25% range.4 

As of early 2016 the first tidal lagoon project is under construction off the coast of the Welsh 

city of Swansea, enclosing around 11 km2 of water. It will produce 320 MW of power for 14 

hours a day, enough to power 155,000 homes and making it the largest tidal energy facility in 

the world. Scheduled for completion in 2019, if successful it will be the first of six proposed 

tidal lagoon projects to be built on Britain’s west coast.5 

4 Hammons, 1993.  

Hammons, T.J. Tidal Power. Proceeding of the IEEE. 1993. Vol 81. Issue 3. PP 419-433. 

5 TLP - Tidal Lagoon Power, "Swansea Bay." 

TLP -Tidal Lagoon Power. "Swansea Bay." Cached April 2, 2016. 
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SO: 320 MW * 14 *365 = 1,635,200 MWh per year 

 There is a PROBLEM with this  

“320 MW of power for 14 hours per day” number: 

TLP states Swansea will produce 530,000 MWh per 

year 

And that the Installed Capacity = 320 MW 

See next item below by TLP: 

 

SO: 320 MW * 14 *365 = 1,635,200 MWh per year 

 There is a PROBLEM with this  

“320 MW of power for 14 hours per day” number: 

TLP states Swansea will produce 530,000 MWh per 

year 

And that the Installed Capacity = 320 MW 

See next item below by TLP: 

Following these numbers: Capacity Factor = 530,000 MWh / 320 MW * 8769 hours = .189 

Note:   320 MW * 14 *365 = 1,635,200 MWh /yr hence 530,000/1,635,200 = .324 Capacity F. 

But, of course, no one else supports that the Tidal Range will operate at a steady maximum 

flow for 14 hours per day, so perhaps the .189 Capacity Factor is correct 

 

Following these numbers: Capacity Factor = 530,000 MWh / 320 MW * 8769 hours = .189 

Note:   320 MW * 14 *365 = 1,635,200 MWh /yr hence 530,000/1,635,200 = .324 Capacity F. 

http://www.energybc.ca/tidal.html
http://www.energybc.ca/tidal.html#footnote-4
http://www.energybc.ca/tidal.html#footnote-5
http://www.energybc.ca/cache/tidal3/www.tidallagoonswanseabay.com/the-project/proposal-overview-and-vision/51/index.html
http://www.energybc.ca/cache/tidal3/www.tidallagoonswanseabay.com/the-project/proposal-overview-and-vision/51/index.html
http://www.energybc.ca/tidal.html
http://www.energybc.ca/tidal.html#footnote-4
http://www.energybc.ca/tidal.html#footnote-5
http://www.energybc.ca/cache/tidal3/www.tidallagoonswanseabay.com/the-project/proposal-overview-and-vision/51/index.html
http://www.energybc.ca/cache/tidal3/www.tidallagoonswanseabay.com/the-project/proposal-overview-and-vision/51/index.html


   Electrical Generation Plant Comparisons 2019                                                                                                                   Haynes       54 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.darvill.clara.net/altenerg/tidal.htm 

Although the energy supply is reliable and plentiful, converting it into useful electrical power is not easy.  

There are eight main sites around Britain where tidal power stations could usefully be built, including the Severn, 

Dee, Solway and Humber estuaries. Only around 20 sites in the world have been identified as possible tidal 

power stations.  

A major drawback of tidal power stations is that they can only generate when the tide is flowing in or out - in other words, 

only for 10 hours each day. However, tides are totally predictable, so we can plan to have other power stations generating 

at those times when the tidal station is out of action. 
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http://www.newworldencyclopedia.org/entry/Tidal_power 

Tidal power schemes do not produce energy all day. A conventional design, in any mode of operation, would produce 

power for 6 to 12 hours in every 24 and will not produce power at other times. As the tidal cycle is based on the rotation 

of the Earth with respect to the moon (24.8 hours), and the demand for electricity is based on the period of rotation of 

the earth (24 hours), the energy production cycle will not always be in phase with the demand cycle. However, the tides 

are relatively reliable and more predictable than other alternative energy sources, such as wind. 

Tidal energy [Here referring to Tidal Range, Pool or Barrage not Tidal Stream] has an efficiency of 80 percent in 

converting the potential energy of the water into electricity. [Note: this is similar to the efficiency of a gravity dam as the 

tidal range operation is similar to a gravity dam] 

It is thus very efficient, compared to other energy resources such as solar power or fossil fuel power plants. 

 

£1.3bn Swansea Bay tidal lagoon (TLP)  

project thrown out 
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https://www.bbc.com/news/uk-wales-politics-44360852      25 June 2018 

•  

 Image copyright TLP Image caption The Hendry review said the lagoon would make a "strong contribution" to energy supplies  

Plans to build the world's first tidal power lagoon have been thrown out by the UK government. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HIGHLIGHTS of this Article: 

BACKGROUND and PRICE NEGOTIATIONS  
 
Business and Energy Secretary Greg Clark said the £1.3bn project was not value for money, despite claims by developers Tidal Lagoon 
Power (TLP) a revised offer made it cheaper. 

TLP have asked for an unusual 90-year contract with the government, starting at a price of £123 per megawatt hour of electricity 
produced in the first year and reducing over time. 

Highlights of Revised Offer Made February 22, 2018: 

TLC argued: By comparison, the latest price offered to new offshore wind developments was £57.50 per megawatt hour. 

In his blog Mr. Graham, who represents the city of Gloucester where TLP are based, revealed that the company had now 
revised their offer and were proposing the same terms as those accepted by the government for the Hinkley Point C nuclear 
power station in Somerset. 

Hinkley Point C's developers, EDF Energy, were granted a 35 year contract with a fixed price of £92.50 per megawatt hour of 
electricity produced. 

THIS Article June 25, 2018: 

Government analysis estimated that the lagoon would cost the average British household consumer an additional £700 between 2031 
and 2050. 
 
But TLP chief executive Mark Shorrock said the figures were wrong, adding that offshore wind projects had received £8bn in subsidies 

and the "path finder" tidal lagoon project needed £25m a year "in order to kick start an industry". 

 

TLC FURTHER reduced price but upped the guaranteed time: 

The developers had previously asked for a 90-year contract with the UK government with an average strike price - a 
guaranteed price for the electricity generated - of £89.90 per megawatt hour.  

The new nuclear power station at Hinkley Point C in Somerset was given a strike price of £92.50/MWh for 35 years. 

 

 

 

£1.3bn Swansea Bay tidal lagoon (TLP)  

project thrown out 

 

 

£1.3bn Swansea Bay tidal lagoon (TLP)  

project thrown out 

 

https://www.bbc.com/news/uk-wales-politics-44360852
http://www.bbc.co.uk/news/uk-wales-south-west-wales-43159608
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Rated Capacity MW   1.2 MW  
Capacity Factor    6.29 GWh/ yr = 6,290 MWh / (1.2 MW * 8760 hr) =   .598 as reported SeaGen wiki  

Output per Year   6.29 GWh 
Area for Plant    150 km^2 

Hours Available per Year with 2 way stream generation = 8 hrs/ day = 3,000 h/y     
LCOE Cost per MWh   US$ 77.00          (as of 2017 -- see MarineEnergy.biz  below reference doc)     
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10. TIDAL STREAM     SEAGEN   N. IRELAND (2008 to 2017) 
 TOC 
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4.5 hours Production per 

approx. 12 hours (1 flow in and 

out cycle) 

Max 9 hrs per 24 = 3,285 h/y 

 

4.5 hours Production per 

approx. 12 hours (1 flow in and 

Dated 2017 

 

Dated 2017 

http://www.esru.strath.ac.uk/EandE/Web_sites/16-17/WindAndTidal/tidalConcept.html 
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   Electrical Generation Plant Comparisons 2019                                                                                                                   Haynes       58 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tidal Energy – IRENA JUNE 2014 

 
www.irena.org/DocumentDownloads/Publications/Tidal_Energy_V4_WEB.pdf 

Tidal Cost indications  

 

Tidal current technologies are still in the demonstration stage, so cost estimates 

are projected to decrease with deployment. Estimates from across a number of 

European studies for 2020 for current tidal technologies are between EUR 

0.17/kWh and EUR 0.23/kWh, although current demonstration projects suggest the 

levelized cost of energy (LCOE) to be in the range of EUR 0.25-0.47/kWh. It is 

important to note that costs should not be considered as a single performance 

indicator for tidal energy. For example, the costs for both tidal range and tidal 

stream technologies can fall by up to 40% in cases where they are combined and 

integrated in the design and construction of existing or new infrastructure. 

 

EUR (.17 + .23) /2 = .20 Convert to US$ = .2281 / kWh = 

.2281 * 1000 = US$ 228.10 per MWh  by 2020  LCOE ? 

 

Tidal Energy – IRENA JUNE 2014 
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0.17/kWh and EUR 0.23/kWh, although current demonstration projects suggest the 

levelized cost of energy (LCOE) to be in the range of EUR 0.25-0.47/kWh. It is 

important to note that costs should not be considered as a single performance 

indicator for tidal energy. For example, the costs for both tidal range and tidal 
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integrated in the design and construction of existing or new infrastructure. 
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https://marineenergy.biz/2017/01/31/gmax-targets-lcoe-reductions/ 

   LCOE US$ 77.00 per MWH   January 31, 2017 
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Different Claims for SeaGen Output and Capacity Factor 

Strathclyde University 

Capacity Factor .36 

Annual Output 6.29 GWh 

Hence Rating Capacity = 2MW    supposed to be 1.2 MW 

IF Rated Capacity = 1.2 MW*8760 = 10,512 MWh 

Then 6.29 GWh*1000 =  6,280 MWh 

Hence Capacity Factor = 6,280/10,512 = .598 

SeaGen Data 

Annual Output = 7 GWh 

Name Plate Capacity = 1.2 MW 

Hence Capacity Factor = .67 

 

Different Claims for SeaGen Output and Capacity Factor 

Strathclyde University 

Capacity Factor .36 

Annual Output 6.29 GWh 

Hence Rating Capacity = 2MW    supposed to be 1.2 MW 

IF Rated Capacity = 1.2 MW*8760 = 10,512 MWh 

 

https://core.ac.uk/download/pdf/82816024.pdf 
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SeaGen 

In .146 EUR / kWh =  US$ .167  /kWh 

       =  US$ 167 / MWh 

 

CHART:  Electrical Generation 

Plant Comparisons using new 

metrics  2019SeaGen 

In .146 EUR / kWh =  US$ .167  /kWh 

       =  US$ 167 / MWh 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwiVn9bnu5DgAhUIG6wKHRm5CegQFjAAegQIFBAC&url=https%3A%2F%2Fcore.ac.uk%2Fdownload%2Fpdf%2F82816024.pdf&usg=AOvVaw1AMV7cnLI3Xm__QnIPijw1
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwiVn9bnu5DgAhUIG6wKHRm5CegQFjAAegQIFBAC&url=https%3A%2F%2Fcore.ac.uk%2Fdownload%2Fpdf%2F82816024.pdf&usg=AOvVaw1AMV7cnLI3Xm__QnIPijw1
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwiVn9bnu5DgAhUIG6wKHRm5CegQFjAAegQIFBAC&url=https%3A%2F%2Fcore.ac.uk%2Fdownload%2Fpdf%2F82816024.pdf&usg=AOvVaw1AMV7cnLI3Xm__QnIPijw1
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwiVn9bnu5DgAhUIG6wKHRm5CegQFjAAegQIFBAC&url=https%3A%2F%2Fcore.ac.uk%2Fdownload%2Fpdf%2F82816024.pdf&usg=AOvVaw1AMV7cnLI3Xm__QnIPijw1
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Comparison RE TIDAL STREAM ENERG COSTS: 

From: https://www.irishtimes.com/business/energy-and-resources/ocean-energy-europe-disappointed-at-openhydro-

liquidation-1.3577586 

“Costs are coming down fast with every new project, and the EU has set targets for tidal to reach 10€c/kWh by 2030, well 

below offshore wind costs only five years ago,” he said. 

10 Euro Cents / kWh = 11 Cents US$ / kWh   (2019) 

http://www.neptunewave.ca/
https://www.irishtimes.com/business/energy-and-resources/ocean-energy-europe-disappointed-at-openhydro-liquidation-1.3577586
https://www.irishtimes.com/business/energy-and-resources/ocean-energy-europe-disappointed-at-openhydro-liquidation-1.3577586

