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Introduction

Wind energy has its place in SA.

Darling wind farm can charge the batteries of 10% of Cape Town’s
vehicles if these are battery powered vehicles.

In the Northern Cape the average daily kwh per capital cost of
wind energy systems for battery charging is still better than that of
photo-voltaic energy systems (2 — 3 kW power level).

(-) Little research on Wind Energy Technologies in SA.

(+) Growing interest amongst SA industries.



b_q Introduction Wind Energy in SA ,:,

Klipheuwel, Eskom Demonstration
* Wind turbines

— Vestas V47 660 kW

— Vestas V66 1 750 kW

— Jeumont J48 750 kW
» Technical challenges

— Eskom grid instability 2006 and
again 2008

— Cracked blade, failed bearing and
motor

* |nstallation cost R 30m
» Capacity factor < 20%

Darling Wind Farm

* 1,3 MW Fuhrlander wind turbines

* Installed February-March 2008

 Commissioned May 2008

 Official “Switch-On”, 23 May 2008
4 ° Expected capacity factor > 30%




D) Introduction Wind Energy in SA

Eskom Wind Farm, Skaapvlei near Lutzville

Up to 100 wind turbines, first phase 100 MW, second phase 100 MW
Funded by French Development Bank

Out on tender, again

Private Developers
Windlab System (800 MW)
Genesis Energy (Seeland, PE)
Darlip (7,8 MW, 13 MW, 200 MW)
Typical areas:

West Coast

Port Elizabeth

Karoo?

Escarpment?
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Introduction  Largest wind energy installed capacity E

At the end of 2007:

Germany:
USA:
Spain:
India

China;

South Africa

22 247 MW

16 818 MW

15 145 MW

7 845 MW

5906 MW

10 MW ?
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b‘q Potential Wind Energy Resource in SA
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[ 1 Good > 4m per second
[ ] Moderate 3 - 4m per second R Diab, 1995 — Report for the DME

[ ] Low < 3m persecond
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E’S Potential

Wind Energy Resource in SA

South African Renewable Resource Database - Wind Resource

CSIR, Eskom, DME — 2001/2003?

Estimated mean annual wind
speeds (mfs) at 10 m height
above ground level

Legend:
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Potential

Wind Energy Resource in SA
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Potential Calculated results for SA

Calculated Results (Kilian Hagemann):
2 MW turbine per sq km, at > 30 %
capacity factor within 4 km from existing grid:

80 TWh (> 15000 x 2 MW turbines distributed )
36 % of national grid energy ( 220 TWh)

Installed capacity of > 30 000 MW

Whitepaper: In 2013 10 TWhfrom wind/bio/sc-hydro/solar:
5 % of national grid energy

Almost 2000 x 2 MW turbines (4000 MW) @ 30% capacity
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Potential Wind Energy Cost

R 16 000 / kW not installed
1 MW : R 16 million
Feed-in tariffs in SA for wind energy: R1.25 per kWh

At 30% capacity factor and 5% real interest rate:

Payback period = 6 years
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Potential Market

Huge market in Africa

< 100 — 300 kW power level in terms of:
cost, installation and maintenance in remote areas,

weak power grids.



12

Potential

Local manufacturing
Standards

- Feed-in laws
- Political commitment
- Wind energy policies

Concerns
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Technology

Power :

Rotor diameter :

Hub height :
Rotor speed :

Wind speed :

Generator type :

Vestas V90
3 MW

90 m
80/105 m

9 —19 r/min
4 ...25m/s

DFIG (1 kV)

Today

Enercon E112

4.5 MW

114 m

124 m

8 — 13 r/min

2.5 ...28-34 m/s

Direct SG (440 V)



16

Technology

Turbine

3-blade Horizontal axis
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Technology

Turbine

Vertical axis
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Technology

5-blade Vertical axis

Turbine
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Technology

Gear+ DFIG

-box
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Doubly-Fed Induction Generator

Transformer
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Permanent
magnet gear-box

Solid State Converter (SSC)

Gear-box

speed variation
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Technology Direct drive Permanent Magnet

12 m/s

Solid State Converter (SSC)  Transformer
[T 400 kVA

4| CF | T ac %E

.

AN\

Pitch PMG . Grid
control (direct) 11/ 33 kV
direct

variable speed with MPPC
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Technology

300 kW PMG specifications

Generator Specifications

Rated electrical power 332 kW
Rated line voltage 400 V
Rated line current 510 A

Rated torque 67 KNm
Number of poles 70
Stator outer diameter 2.47 m




Technology Grid connection and Control

Voltage variations: dips, sags, unbalance
Voltage recovery after faults

Flicker

Short circuit currents

Harmonics

Reactive power / voltage control / grid stability

Connection conditions / grid code aspects
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Technology Grid integration

Grid Integration Studies: Dr Markus Poller (DigSilent)

150 MW wind farm at Laingsburg (132 kV grid)
750 MW wind farms in Karoo (400 kV grid)

2800 MW wind farms in Western Cape
(400 kV/765 kV)

General Finding

Integration of 2800 MW wind generation in the
Western Cape in general feasible.
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Technology

Grid connection with HVDC
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Conclusions

Potential: Yes

Market. Yes

Cost: With feed-in laws: Yes
Technology: Yes

Concerns: Yes
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Thank You

Maarten J Kamper

Electrical Machines Laboratory
Department of Electrical and Electronic Engineering
University of Stellenbosch
South Africa



