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Irkutsk (Russia) - Befing )
800kV, 6300 MW, 2015/ | :
Russia "

Ningxia - Tianjing

3080 MW, 2010

.

x\‘. NW-Sichuan

A Baoji — Deyang

a Humeng - Liaoning
'800kV, 6300 MW, 2018

Hami - C. China

800kV, 6300 MW,
2018

NEPG |
"~ Humeng - Tianjing
— 1 800kV, 6300 MW, 2016

Jilin Hﬁqunbeir (Inner Mongolia)
o - Shenyang
' 3000 MW, 2009
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Xiangjiaba — Shanghai
800kV, 6300 MW,

2011 __J
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Xilé(;du - Hanzhou

800k, 6300 MW, 2015
Y

BtB Northeast-North (Gaoling)
1500 MW, 2007

Xiluo%lu-r Hunan

800KV, 6300 MW, 20

Jinsha River Il - East China
800kV, 6300 MW, 2016
Jingping - Eagf..ghina
800kV, 6300 MW, 2012,

Humeng = Jinan{Shandong)
800kV, 6300 MW, 2015

North Shaanxi-Shandong
3000 MW, 2011

BtB Shandong - East
1200 MW, 2011

BtB North - Central

Jinsha River Il - East China """

o - ¢ ~ —~ [rawan 1000 MW, 2012
800kV, 6300 MW, 2019 f"‘% SorC “ = _. _
Jinsha River Il - Fujian . Ynan A L:GM:PT:J:I:KJ Goupitan - Guangdong
B e R 3000 MW, 2016

800kV, 6300 MW, 2018 i T
R Yunnan - Guangdong
. .

Jinghong-Thailand | 800KV, 5000 MW, 2009

3000MW, 2013

Nuozhadu-Guangdong
800kV, 5000 MW, 2015

Bangko .
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A From Iceland
(Northwest) to
Israel (Southeast)
= 3,200 mi

A Concept of grid is
25,000 miles of line

o

OSO|8.I’ Power = COnnec tions

‘ ] already in place
. Wind Power or planned

@ Geothermal — Vision of ABB
(.} HydrO and DLR

# Biomass

The new high-voltage network would range from the Sahara to the polar cap. The concept calls for main lines that are 40,000 kilometers long. And
parts of it already exist.
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T A Concept of DOE

— o National Renewable
Energy Laboratory

and American

Electric Power

Company
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Tres Amigas will:

A Connect the three U.S. asynchronous power grids through a DC
Hub that can regulate the direction and level of power flows
between the grids, thereby improving the efficiency of the
transmission systems in all regions

A Provide economic incentives to further drive the growth of the
YIUAZ2Yy Qa 0 NJ vaYAaaAzy dINAR oOe€
transactions across currently inaccessible market regions

A Optimize the value of existing AC infrastructure by utilizing state
of the art technology

A Provide reliable and cost effective transmission services consister
with NERC standards and regional reliability requirements

Tres Amigas Will Present Signific@mportunities for the Gric
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Tres Amigas will:

A

A

Enable the buying, selling and physical delivery of electricity between
participants in multiple grids

Optimize the performance of renewable energy sources by offering or
creating options to firm intermittent power across a broad geographic area
wherein a more coseffective renewable product could be created

Promote the development of renewable energy projects by creating an
opportunity for such projects to connect to multiple high demand load areas

Enable renewable energy to follow hourly demand fluctuations throughout a
large portion of North America

Integrate large scale renewable resources by providing the capability to
manage reatime power fluctuations that would otherwise exceed the
capability of many existing balancing authorities

Tres Amigas Will Present Signific@mportunities foRenewables
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Transmission Lines from Western Interconnection Transmission Lines from Eastern Interconnection
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L_>Mies | Transmission Lines from ERCOT

One or more transmission lines from the Texas Interconnection (see the
U.S. Grid Interconnections box) connect to this HVDC terminal.
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HVDC Terminal é) (ﬁ)
When bringing power into the Tres Amigas SuperStation, the HVDC

terminals convert alternating current (AC) power in the transmission TRESAMIGAS?
lines to direct current (DC) power and then send that power through
superconductor pipelines. When supplying power from Tres Amigas,
the HVDC terminals convert the DC power on the superconductor
pipeline back to AC power suitable for the transmission line that will
be carrying it to distant electrical demand centers. Power transfer
between any of the transmission lines connecting at Tres Amigas can
only be accomplished through this conversion process.

; . HVDC Terminal I

g | HVDC Terminal I Iﬂ?
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HVDC Terminal - What's Inside

Each HVDC terminal looks like a standard utility substation with

< the addition of a building that houses the actual HVDC converter.
Inside the converter building are high voltage power electronics that
convert electricity back and forth between AC and DC (direct current)
power. Tres Amigas SuperStation uses what are known as Voltage
Source Converters (VSC), which enable the unique three-way grid
interconnection. The substation also houses cooling equipment for
the power electronics and the superconductor pipeline.




5GW, 765kV Overhead Power Lines

DC Superconductor Ring

Key to the Tres Amigas SuperStation is
an underground pipeline of direct current
(DC) superconductor cables less than
three feet in diameter capable of carrying
more than 5,000,000,000 watts (5 giga-
watts) of electricity with no electrical
losses; enough electricity to power 2.5
million homes. Superconductor cables:
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Energy Storage Battery

Each HVDC terminal is equipped with an advanced battery system to
provide both back up to the renewable energy purchased by Tres
Amigas to run the facility and to provide what are termed "ancillary
services" support to the connecting AC systems.

e 5 s 5GW, 200kV Superconductor Electricity Pipelir
Enhance efficiency: When the station is e

running at full power, the superconductor pipeline can save as much as 60,000,000
kW-Hrs of energy annually compared with conventional transmission technology.
That’s equivalent to the electricity usage of 30,000 homes and a 40,000 ton reduction
in CO2 emissions.

Are out of sight: A single, underground superconductor pipeline can carry as much
power as three, 765kV AC overhead transmission lines (see figure).

Increase power security: Unlike overhead lines, underground cables are virtually
immune to weather-related outages, the most common cause of power disruptions.
Similarly, underground placement makes them less subject to vandalism and other
forms of willful attack.

] What are Superconductors?

< | A superconductor is a perfect conductor of electricity; it
carries direct current with 100% efficiency. When properly
cooled, superconductor wires provide significant advantages
over conventional copper and aluminum wires because they
can transmit 150 times more electricity than conventional
wires of the same size.
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