Wind Power vs. Nuclear Power
By Adam McLean

Please report errors or send questions to adam.mclean@utoronto.ca


OPG's Wind Turbine

1.8 MWe capacity (largest in North America, 5 MWe in operation in Europe)
Built by Vestas Wind Systems of Denmark, the world's largest manufacturer of wind turbines (www.vestas.com)
Competitors include 
Bonus Energy (www.bonus.dk), Nordex (www.nordex.dk), NEG-Micon (www.neg-micon.dk)

78 metre steel tower, 4 m diameter at base, 2.3 m at the top, 39 m blade length, fiberglass/composite hollow construction, total weight of 226 tons, 350 ton steel-reinforced foundation
Blades rotate at a constant speed of 15.7 RPM, geared via parallel axled planet gear system

directly to generator rotating at 1,915 RPM

Produces noise at 105 decibels at base, 43 decibels at a distance of 250 m

Microprocessor controlled and monitored OptiSpeed™ air/hydraulic brake and 
OptiTip® blade pitch control
Begins generating electricity at a wind speed of 16.9 kmph/10.5 mph, 
stops blades at 90 kmph to prevent shock loading
Estimated to operate at full power 10% of the time, partial power 60-80% of the time

Worldwide maximum capacity factors can reach 25-30%

Automatic shutdown upon lightening strike

On average <10 birds killed per year per turbine
4-6 days maintenance required on average per year

Wind farms require ~3 blade diameter clearance between towers, 8-10 diameters between rows depending on landscape to prevent interference and counteract ground-effect turbulence
Initial cost: $3 million (CAN)

Pickering Nuclear Generating Station B CANDU Nuclear Unit
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540 MWe Gross capacity 
(1744 MWth capacity, 32 MWe self consumption, 508 MWe net output)
Designed and constructed jointly by AECL and Ontario Hydro
30 year projected lifespan
B unit 5 in service in 1983, units 6 and 7 in 1984, unit 8 in 1985
Pickering B unit 7 holds the worldwide record of continuous reactor operation of 894 days
Calandria with 380 pressure tubes, 12 bundles per tube, 28 elements per bundle totaling 102,600 kg UO2 fuel load, 19.86 kg (43.7 lbs) per bundle, average 232 kg UO2 fuel use per unit per day, fuel burnup of 185 MWh per kg Uranium
265,000 kg D2O moderator, 143,000 kg D2O heat transport system at 8308 kg/s mass flow rate, 21.9 kg/s per channel, 249ºC at reactor inlet, 293ºC at reactor outlet, 8.8 MPa pressure at reactor outlet header
16 heat transport pumps (12 active), 12 steam generators (boilers), 
1 turbine operating at 1,800 RPM
Stainless steel/colbalt adjuster rods for neutron flux flattening and poison override, H2O liquid zone control for flux shaping, cadmium control absorbers and SDS1 shutoff rods, high pressure gadolinium nitrate injection SDS2, controlled by 2 independent digital computers per unit

Cylindrical, 1.2 m (4 ft) thick steel reinforced concrete reactor buildings, 
46.7 m high, 45.1 m in diameter
Vacuum building with 0.914 m (3 ft) thick steel reinforced concrete structure, 
51.5 m tall, 52.1 m in diameter, operating pressure of 10.3 kPa, 9,911,000 L water storage
CANDU Lifetime Performance to November 30, 2001
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Example:  Pickering Unit 7 ~ 80% capacity factor
Net electricity produced in 1 year = 365.25 days = 8766 hours

508 MWe * 8766 hours * 0.8 = 3,562,502.4 MWh
(total nuclear generation in Canada since June 4, 1962 is 1,645,000,000 MWh)
Construction cost of new CANDU 600 reactor ~ $1.4 billion (CAN) or $2333 per kW installed
*Note, the cost target for the CANDU NG is $1000 per kW installed

Uranium Spot Price History $US/lb U3O8 (month end price)
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Raw fuel cost for 1 Pickering reactor
= 232 kg U/day * 365.25 days * ($9.70 / 0.63) * 2.2046 lbs/kg = $2,876,000
Electricity is sold to consumers in Ontario at ~8 cents/kWh therefore is worth
3,562,502.4 MWh * 1000 * 0.08 = $285,000,192

Staff of 500, average of $75,000 salary per year = $37,500,000

Mean Southern Ontario Wind Speed (km/h) from Environment Canada
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Huron Wind 600 kW turbine has averaged 1,150 MWh per year from 1997 - 2000 
for a capacity factor of 21.9%
At this capacity factor, the OPG Pickering Wind Turbine would produce per year
1.8 MW * 8766 hours * 0.219 = 3,455.6 MWh
Therefore, to produce the same energy as 1 Pickering Nuclear Reactor would require
3,562,502.4 / 3,455.6 = 1031 1.8 MW wind turbines

at a cost of $3.093 billion
and requiring [sqrt(1031) * 78 m * 3] * [sqrt(1031) * 78 m * 8] 
= 7.51 km * 20.04 km = 150.5 km2 area
Land area of the Greater Toronto Area = 630 km2
To replace the Pickering A and B NGS would require 
8,248 turbines, 1,204 km2 and $24.7 billion
*Note, cost figure does not include land cost, rezoning, road access to the towers, electrical distribution equipment spread over a large area
In addition, energy storage to provide power when the wind is not blowing is required
