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Power in the wind

 The	total	power	that	is	available	to	a	wind	in	watts,
Pwൌ0.5	mw v2 ൌ	0.5	ρ	A	v3,

where,		mwൌ	ρ	A	v
ρ	 density	of	the	air	(kg/m3)
A	 the	exposed	area	(m2)
v the	velocity	(m/s)

 The	mechanical	power,	
Pmൌcp Pw ൌ	0.5	cp mw v2 ൌ	0.5	ρ	cp A	v3

where,
cp performance	co	efficient
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Power in the wind – Bet’z Limit

 Assume,	inlet	wind	velocity	is	‘vi’ and	the	output	velocity	is	‘vo’	and	the	
mass	flow	rate,	mw,	through	the	system	is	approximately	‘ρ A	vave’

where,	ݒ௩ ൌ 	
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 Solving	for	maximum	value,	

												P୫୫ୟ୶ ൌ
ଵ
ଶ
P ൌ 0.593	 ௪ܲ



Power in the wind

 Cp is	a	function	of	both	λ	&	θ	
(pitch	angle),	

Cp ൌ	f	ሺλ,	θሻ

where,

Tip	speed	ratio,		λൌ	ωt R/vwind

ωt turbine	rotational	speed

R rotor	radius	
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Power in the wind

0 0.5 1 1.5 2 2.5 3 3.5
-1

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

4
x 106

rotational speed

M
ec

ha
ni

ca
l p

ow
er

4 m/s
6 m/s 7 m/s

8 m/s

9 m/s

10 m/s

11 m/s

12 m/s

13 m/s

14 m/s
15 m/s

6



Power Curve ‐ Hysteresis



General Structure of WECS
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Danish Concept – Fixed Speed 
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Direct in line wind turbine system
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Doubly Fed Induction Generator (DFIG)
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Active Power Control
How	do	they	do	it?
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Model of Wound Rotor Induction Machine
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Reference Frame Theory
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Control Concept –
Line Voltage Oriented Control
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MPPT‐Maximum Power Point Tracking

Turbine	characteristics	and	tracking	characteristic Reference	current	calculations	for	tracking	maximum	
power	point.
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Rotor Side Current Controller
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Rotor Side Converter Control
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Grid Integration
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Grid Integration

 Concerns:	

 LVRT,	Grid	Support	Services,	Economic	Concerns

 Possible	Solutions:	

 Ancillary	grid	support	services	

 Wind	Power	Forecasts

 Intelligent	Control:	Nature	Mimicking	Algorithms



Grid Inertia

 Gird	Inertia	:	Supply	– Demand	

mismatch

 Synchronous	Generator:	Inherent	

Response

 Wind	Turbines

 Inertia?

 Primary	Frequency	

Support?
Courtesy:	GE	Energy



Intelligent Inertia Emulation

 Objectives,
 Adaptive	Inertia	Controller	for	Individual	WT
 WF	level	control	&	Co‐ordination
 Short‐Term	Wind	Forecasting



Inertial Response: Challenge
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Inertial Response: Possible Solution



Inertial Response: Possible Solution
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Inertial Response: Opportunities
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Inertia Emulation: Proposed Approach ‐ 1
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Inertia Emulation: Proposed Approach ‐ 2
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MPPT, Desirable?
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Effects of Aggregation
30
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Reproduced from “Wind Power in Power Systems”, Wiley, Ed. Thomas Ackermann, pp. 37



Further Possibilities 

 Future	Research
 Effect	of	wakes	on	inertial	support
 Active	Power	Control	for	Primary	Frequency	Support	(PFS)
 Co‐ordination	of	WTs	for	PFS
 Wind	Farm	level	Control
 Short‐Term	Wind	Forecasting



Nature Inspired Algorithms 



Nature Inspired Algorithms 

 Neural	Computation	– the	brain

 Evolutionary	Computation	– evolution

 Swarm	Intelligence	– group	behavior



Swarm Intelligence

 Collective	behaviors	of	(unsophisticated)	agents
 No	centralized	control	
 Collective	(or	distributed)	problem	solving
 Leverage	the	power	of	complex	adaptive	systems	to	solve	difficult	non‐linear	

stochastic	problems



Swarm in Action
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