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•

Generation planning requires an economic 

assessment of adequate capacity of power 

generating sources in order to maintain system 

reliability

•

Power Generating Sources

–

Conventional Units (fossil, nuclear, hydro, gas 

turbine): MCR used in generation planning

–

Alternate / Renewable (WTG, solar): capacity?
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Global Support for Renewable Energy

–

Environmental Concerns

–

Governmental Incentives 

–

Kyoto Protocol in place

–

High penetration targets: 

Renewable Portfolio Standard (RPS)

–

Market driven mechanisms 

Renewable Energy Credit (REC)

–

Wind power – most promising alternative
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[image: image5.emf]Canada's Total Installed Wind Energy Capacity: 

1999 - 2004 

Installed capacity (MW)



[image: image6.emf]Canada's Current Installed Wind :

Energy Capacity (341 MW) - June 2004
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Wind Energy Sources

–

Comparable to conventional units

–

Rapid increase in power system  applications 

(small isolated and grid connected systems) 

–

Reduce Cost (fuel offset, security against price 

volatility)

–

Environmental benefits (monetary value)

–

Contribute to system adequacy

–

Energy credit / capacity credit



[image: image8.emf]Generation Planning Problems

•

Conventional Capacity Planning:

- Firm capacity of conventional units 

- Wind power not considered (extra)

•

Capacity assessment of a wind turbine generator 

(WTG)

•

Wind energy analysis different from conventional 

energy – more variables and complexity

•

Need to evaluate the reliability contribution from 

wind energy sources – Realistic Techniques
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The basic function of a modern electric power 

system is to satisfy the system load requirement as 

economically as possible and with a reasonable 

assurance of continuity and quality.
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[image: image13.emf]Deterministic Methods

•

Percent Margin or Capacity Reserve Margin

The capacity reserve is a fixed percentage of the 

total peak load (or the installed capacity)

•

Loss of the Largest Unit

The capacity reserve is equal to the capacity of 

the largest unit (CLU)

•

Loss of the Largest Unit plus Percent Margin

The capacity reserve is equal to the CLU plus a 

fixed percentage of the peak load
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CLU + 10% PL for PL < 3 MW

CLU + 5% PL   for PL > 3 MW 
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[image: image16.emf]Probabilistic Methods

•

Loss of Load Method

-

LOLE in hours/year or days/year

Expected number of hours in a year that the 

generation will not meet the load demand

•

Loss of Energy Method

- LOEE, EUE in MWh/year

- normalized indices: UPM, SM
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Simulation Method: Chronological Outage History
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[image: image25.emf]Generation Expansion Analysis

Expansion: Additional 20 kW units with 5% FOR

Consider a System:

1 x 70 kW, 2 x 40 kW diesel units with 5% FOR

IEEE-RTS hourly chronological load, peak = 80 kW 

Capacity Reserve = CLU

LOLE = 33 hours/year (criterion) P(H) = 0.89

Assume Annual Load Growth of 10%

142 129 118 107 97 88 80 PL (kW)

6 5 4 3 2 1 0 Year
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[image: image30.emf]Wind Turbine Characteristics
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[image: image32.emf]Wind Benefit Assessment

Small Isolated System

Example System:

3 Diesel units, 2 x 40 + 70 kW, 5% FOR

IEEE-RTS hourly chronological load, 

annual peak of 80 kW 

Wind Data 

average speed (m/s): 

Saskatoon = 4.66,  Swift Current = 6.11

WTG: Vc= 4    Vr = 12.5    Vco = 25 m/s Pr = 20 kW

Wind energy restricted to 40% of the system demand 
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[image: image38.emf]Generation expansion plan with conventional 

units – new units brought into service just 

before the system reliability drops below an 

acceptable level 

Generation expansion plan with wind sources 

can be quite different -

It may be economically advantageous to add 

wind sources even when the system adequacy 

is above the acceptable level. This can be 

determined by comparing the cost savings 

resulting from fuel offset against the 

installation and operating costs of wind 

sources.
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3 diesel units: 720, 1000, 1400 kW with 5% FOR 

IEEE-RTS chronological load shape 

with a peak of 1540 kW

LOLE criterion = 26 hours/year

Wind Sources rated at 720 kW

cut-in, rated and cut-out wind speeds 

of 5, 18 and 25 m/s

Wind site represented by Swift Current data 



[image: image40.emf]Cost effective wind penetration analysis

The investment cost for WTG unit is calculated 

assuming an installation and maintenance cost 

of $120 per kW per year. (other operating 

costs, financial incentives)

The fuel savings are calculated assuming a fuel 

cost of $0.55/litre and a heat rate of 3.2 

kWh/litre for the diesel units. (monetary value 

of environmental benefits)

All monetary values are in Canadian dollars. 
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[image: image42.emf]Wind Utilization Efficiency, 

WUE = CF x WUF

The WUE index measures the amount of return from 

investment in wind power and is, therefore, useful in 

assessing an appropriate level of wind penetration. 

This can be used as a cost criterion to help determine 

the appropriate level of wind penetration in a system.

Wind Utilization Factor, 

WUF = 

harvested energy     wind Expected

supplied energy     wind Expected
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[image: image45.emf]Wind Benefit Assessment

Large System

IEEE RTS System

:

32 generating units, total capacity of 3405 MW

annual peak of 2850 MW 

LOLE = 9 hour/year. 

Reliability Test System Task Force of the 

Application of Probability Methods Subcommittee, 

"IEEE Reliability Test System", 

IEEE Transactions 

on Power Apparatus and Systems

, Vol. PAS-98, No. 

6, Nov./Dec. 1979



[image: image46.emf]Wind Benefit Assessment

Large System

Wind Speed Data

:

(average speed in m/s):

Prince Albert : 3.69    North Battleford: 4.06 

Saskatoon: 4.66         Regina: 5.42           

Swift Current:6.11

WTG Data

:

Vc= 4    Vr = 12.5    Vco = 25 m/s

Pr = 2.5 MW
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Influence of Wind Farm Site

A 350 MW conventional unit from the RTS is replaced by 

an equal WTG capacity.
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[image: image48.emf]A 350 MW unit is removed from the RTS and wind 

capacity is gradually increased (Regina wind data).



[image: image49.emf]Wind Dependence: Multiple Wind Farms
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[image: image51.emf]Capacity Credit of Wind Sources

WTG Units

Conventional

Units

How does WTG compare to conventional units in 

contributing to system adequacy?



[image: image52.emf]Impact of Wind Capacity 

Expansion

2.5 MW turbines added to the IEEE RTS
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[image: image53.emf]Impact of wind replacement of 

conventional capacity

Increasing wind penetration while maintaining a 

constant total system capacity
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Wind generation is growing rapidly in electric 

power systems. There are set targets to 

substantially increase wind penetration in the next 

decade. There is, therefore, a need to seriously 

consider the reliability of power supply that can be 

obtained from wind sources, in addition to the 

associated cost and environmental benefits. 

Probabilistic methods for reliability/cost evaluation 

should be used to recognize the random behavior of 

wind systems in order to assess their benefits. 



[image: image56.emf]Generation planning requires an 

economic assessment

of appropriate capacity of conventional and wind 

energy sources to maintain a specified 

reliability 

criterion

.

New units are brought into service just before the 

system reliability drops below an acceptable level in 

conventional generation planning. With wind sources, 

however, it may be economically advantageous to add 

wind sources even when the system adequacy is above 

the acceptable level. This can be determined by using a 

cost criterion, such as the WUE

.



[image: image57.emf]The study results indicate that WTG do contribute 

to overall system reliability, and capacity credits of 

WTG units should be considered in generation 

planning. This will be increasingly important with 

growing investment in wind sources. 

The rated capacity of a wind turbine can be 

misleading if it is interpreted in the same way as 

that of a conventional generating unit. The effective 

capacity of a WTG is equivalent to conventional 

unit capacity in terms of system risk. The effective 

capacity of a WTG depends on different factors

such as wind farm site, turbine design, and wind 

penetration level.



[image: image58.emf]It is important to consider in generation planning 

that the effective capacity of a WTG decreases with 

increasing wind penetration in a power system. 

WTG with relatively low percent effective capacity 

are costly.

Contribution of WTG to system reliability is 

relatively less than that of conventional units, and 

addition of conventional units must be considered

in generation planning when addition of WTG 

alone cannot provide the specified system 

reliability.


