) Washington DC
GRID April 23-26, 2007

Benefits Session
Advanced Transmission Technologies

‘Enabler’ for Transmission Expansion
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e Transmission Investments-ana SV I @t S NE
— Improve reliability and energy efficiency

— Build a robust wholesale market for electricity
* Including reduced congestion cost

— Support the new power generation footprint

* Integrate Renewables (RPS)

* Increase domestic fuel usage

« The major obstacle for new Transmission;
— Site and build new Transmission Lines (Overhead)

» Permitting process
 Public opposition / NIMBY
« ROW



Advanced Technologies

« /Yy ! ROIYOSR ¢SOKy2f23ASa
transmission investments ?
— Short term; Utilization of existing transmission corridors
— Medium/long term; Build new transmission

« What are Advanced Technologies ?

— Flexible AC Transmission Systems (FACTS)

» Improved reliability and increase transmission capacity by providing
voltage and/or reactive power support

— HVDC and HVDC Light (VSC) incl. XLPE Cables
 Direct Current OH or Underground Transmission
without distance limitations
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[T Short Term Applications

« Enhanced utilization of existing assets
— FACTS;

* |Increase transmission capacity over existing lines
— Through voltage / reactive power support

* Improve grid stability

« Substitute/Reduce need for RMR generation

— HVDC Conventional

« Asynchronous interconnections
— Enable power exchange & enhance reliability

— HVDC Light (VSC)

« Underground transmission in existing ROW
— Up to 1000 MW (in a 14 feet ROW)
— No distance limitations
— No EMF
— Qil free cable (XPLE cable)
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[T Medium/Long Term Applications

o

* New Transmission Lines / Corridors
— FACTS

* Improve power flow control
* Reduce the # of new lines
* Improve reliability

— HVDC Conventional

« Long distance bulk transmission
« Asynchronous interconnections

345 kV AC

 Subsea transmission 400 MW

— HVDC Light (VSC)
« Up to 1000 MW Underground transmission
both Land or Sea applications
« Wind power integration (including efhore)




[LEIEEH Advanced Technologies - Status

« Today mature and proven technologies
— Flexible AC Transmission Systems (FACTS)
« Static Var Compensator - +30 years experience
— HVDC
» +50 years experience
— HVDC Light (Voltage Source Converters)
10 years experience
— Extruded Cables
» +30 years experience




Advanced Technologies - Conclusion

Conclusion

« Advanced Technologies can play a significantroleasa S Y I 0
for the planned transmission expansion.

* These Proven Technologies will be important parts in an
optimized modern grid design;

 Benefits include:
— Optimized utilization of existing and new assets
— Minimal environmental impact
— Faster in-service dates / schedules



Advanced Technologies - Conclusion

Updated 2008}-14, CNABB-PTSG

(The year means project in operation) Humeng i Shandong
800kVNe400 MW, 2015

. Humeng - Tianjing S
Irkutsk (Russia) - Beijing 800kV, 6400 MW, 2016 750 MW, 2008
800KV, 6400 MW, 2015 &
Nj !!QLTian'in 0
000 MW, 2010 k 3000 MW, 2010
\ Humeng - Liaoning

Hamii C. Ching
800kV, 6400-MW, 2018

Xianjiaba i Shanghai
800KV, 6400 MW, 2011
Xilugdu - Hanzhou

3000 MW, 2010

800kV, 6400 MW, 2015 1500 MW, 2008

Xiluodu £ Hunan North Shaanxi-Shandong
800kV, 0 MW, 2014 ~_ 3000 MW, 2011
Jinsha River Il i East China : o AnhEICPG S BtB Shandong - East
800KV, 6400 MW, 2016 Fe 1200 MW, 2011
Jingping i East-China B BB North - Central
- ' 1000 MW, 2012

800KV, 6400 MW, 2012 & ' , ronga A
» Fujian {
= 3000 MW, 2011
ingbao BtB Expansion
750 MW, 2009
Goupitan - Guangdong

3000 MW, 2016
Yunnan - Guangdong

800kYV, 5000 MW, 2009 ‘l Il' Il'
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Jinsha River Il i East China
800kV, 6400 MW, 2019

Jinsha River Il - Fujian
800kV, 6400 MW, 2018

Nuozhadu-Guangdong
800kV, 5000-6000 MW, 2015

Jinghong-Thailand
3000MW, 2013~

Bangkok &



