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How the choice of transmission conductor
can reduce greenhouse gas emissions.
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What is the scope of the impact?

Complete conversion of the US grid to efficient conductor would eliminate 44 million

metric tons of CO, due to the reduction of line losses by 20 to 40% compared to
% ACSR conductors of the same diameter and weight under equal load conditions:
6‘ (1)30% reduction of
fg (2) 6% line losses typical Potential Impact of US Conversion to Efficient Conductors
©| of ACSR conductor,
e gres 0»233??'8 US Consumption 3,990,000,000,000 kWh
pertes e s 0 Transmission Line Losses (6%) 239,400,000,000 kWh
e a5 " @ |30% Reduction with ACCC 71,820,000,000 kWh
er kWh, . .
i 9 MWh Equivalent Savings (Annual) 71,820,000 MWh

(5)results in 44 million 0

metric tons reduction
of CO2 per year, or

Generation Equivalent Delivered 8,199 MW

IO annual economic value @ $50/MWh $3.591 billion
“g:,feffjf,ﬂ,vje“very - O|us Average CO2 Emmision 1.372 lbs/kWh

8,199 MW of power

AR 9 Annual CO2 Reduction with ACCC 44,688,000 Metric Tons
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Technical aspects of efficiency

* The more aluminum in a conductor the better

* Annealing improves conductivity and resistivity

The higher the %IACS of the aluminum the better

* Conductivity and Resistivity are correlated
Conductor Properties Conductive Strands Core Strands
5::; Conductor Description alutT :;um sfc‘ragr&:gfh co(r?;) Ké;lw type st::glfh modulus CTE
AAC | All Aluminum Conductor 1350-H19 | 24-28ksi 61.2 1350-H19 24-28 ksi 10 msi 23.0
AAAC | All Aluminum Alloy Conductor 6201-T81 | 46-48 ksi 52.5 6201-T81 46-48 ksi 10 msi 23.0
ACAR | Aluminum Conductor Al Alloy Reinforced 1350-H19 | 24-28ksi 61.2 6201-T81 46-48 ksi 10 msi 23.0
ASCR | Aluminum Conductor Steel Reinforced 1350-H19 | 24-28ksi 61.2 coated steel 200-220 ksi 29 msi 11.5
AACSR | Aluminum Alloy Conductor Steel Reinforced 6201-T81 | 46-48 ksi 52.5 coated steel 200-220 ksi 29 msi 115
ACSS | Aluminum Conductor Steel Supported 1350-0 ~8.5 ksi 63.0 coated steel 220-285 ksi 29 msi 115
ACIR | Aluminum Conductor Invar Reinforced Al-Zralloy | 23-26 ksi 60.0 invar steel 150 - 155 ksi 22 msi 3.7
ACCR | Aluminum Conductor Composite Reinforced | Al-Zralloy | 23-26 ksi 60.0 metal matrix 190 ksi 32 msi 6
ACCC | Aluminum Conductor Composite Core 1350-0 ~8.5 ksi 63.0 carbon hybrid 310-360 ksi 16-21 msi 1.6




* Any given set off towers has limits to weight, diameter,
and sag clearance of the conductor whether a new line
design or replacement of conductor on existing towers.

C1C GLOBAL

* Weight — impacts tension on towers

* Tension — limited by towers and crossarms

* Diameter — mostly impacts wind and ice loads

* Sag — clearance at temperature (and ice/wind load)

* Operating amps — establishes expected temperature and sag

* For comparison it is fair to keep upper limits on design
factors for towers/conductors.

L



~ Reconductoring Kumbotsu - Danagundi Transmission Line

C1C GLOBAL

*‘Reconductoring: Kumbotsu — Danagundi 132vV T/L
* Objective: Deliver 600A while maintaining clearance
* Large increase could not be handled by ACSR Wolf (400A)

‘Project Requirements (Limitations)

* Use existing towers with only maintenance repairs
* Meet sag requirement of 10 meters (current sag allowance for ACSR Wolf)

*Project Analysis
* Select best performance options from ACSR,ACSS, STACIR,AAAC and ACCC
* Compare conductor cost based on sizing of capacity and sag requirements
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|. Nine areas for inputs,
conductor selection and

2.

outputs.

Environment

O 0ONOUTAWN —

All yellow cells are inputs,
can enter own value or
choose from dropdown list

Clearly demonstrates how
conductor selections
impact a project.

Line factors/Cost factors
Sag calculation factors
Ice/wind conditions
Conductor selection
Temperature and line loses
Sag and tension results
Visual sag and limits
Efficiency and emissions

——.‘——-"___;‘_______

@]r @ GLO BAL | Input Company andior Project Name |
) CBRAUETOr MforMation. = = = = =/ == == == == = = == == = == | , Ukits "Tan§lagf ¥oIfage fl'ﬂe -
Type:[  ACCC® ACSR STACIR-Aw I | Metric] English | AC CCP v 2.1.0
Size [mm? &1 - Code Ward):|  520-DR&KE dirs - DREKE Af3-di0 Environmental Inpu
Alumninum Area [mm?]: 613.7 4028 4134 I 10221 | Sun Radiation [Wim?) s
Diameter [mml: R TE] EE 14 A 26 Ambient Temp C] L
Fated Strength (kM) 183 140 125 I 061 wind [mizec]
‘eight (katkmk| . LBEE.D EETE TEEEE i Elewatian {m)
DOC Resistance at 200C [ohmstkm): 0.0705 0.0EZED I 0.5 Siolar Absorptivity 0
AC Resistance at 25°C [ohmstkm] 0.07245 0.07045 0.5 | Emissivity
AL Resistance at 75°'C [ohms/km]: 0.06612 0082637 00227 I a0 wind Angle [deg.)
0 Azimuth of Line [MS=0, EwW=90]
Conductors per phase: 1 1 1 I 32 Latitude [neq = Sauth)
Circuits: 1 1 1 dJune | Month
Ampacity [A] at Temperature [C):| 70 ara 70 a56 T LT I 21 Diay of Maonth
Ampacity (2] at Rated Operating Temp [1C):[ 180 1,786 75 a0na 210 1,758 12 Time [24 hrs.]
Ampacltg [A] at Maximum Temp [C]: ﬁ 1,884 100 1120 240 1883 ’ N Clear |Atmozphere
"L'H?LE! F———— T — T — Aoad and Generation Cost Assumptions
Steady-State Temperature [(*C) at Peak Ampacity: | Bl | 70 B3 I 161 Line Length [km)]
First Year Line Losses [Mwh): | 10,205 13,734 13,096 132 Woltage (k')
ACCC® 520 - DRAKE - Reduces First Year CO; Generated by [MT): 452 0 I #56 |FPeak Op. Amps
ACCCE 520 - ORAKE - Reduces First Vear Line Laosses by [MWh): 3529 2,891 T |Load Factar
ACCC®E 520 - ORAKE - Reduces First Year Line Losses by [3]): 263 223 I 52 |LossFactar
ACCC® 520 - ORAKE - Reduces First Year Line Losses by [$'ear]: 362,847 280,086 136 FPeak Power per Circuit [[15]
ACCCE 520 - ORAKE - Line Losz Savings per meter of Conductor [$im): 7N 5.93 ' 3 Fhazes!Circuit
— e e e . — — — e — T —— — — 66" | Cost of Energy Generation [$Tuh]
ACCC® 520 - DRAKE - Feduces 30yearline loss by ($): [ 10586593 | [eeresmn || 7628 | oo kgt
ACCC® 520 - DRAKE - Reduces 30 year CO; generation by (MT): | 23,586 | | 2d4dsz | 0 |LoadInereasedrear
Revenue Attainable during Peak Capacity [Limited by Maz Saq]
Preak Pawer Auailable for Delivery (10 hr=.) (Mwh]):| 2439 | | 2,093 I 10 | Hourst'fear at Peak Capacity [hr.]
I F'o_tentlaﬁeu&e Fﬁot&rlﬂeﬂedﬂ 3,313,010 1674522 00 Pllce&EneﬂatEkCﬁacﬂﬂl\ﬁh]
Initial Sag and Tension: Initial Sag and Tension:
% RTS: S 255 T4 3085 | Fuling Span [m)
Sag at Initial Sagging Temperature [m): 512 5.30 £.13 21 Initial Sagging Temperature [1C]
Initial Ten=ion at Sagging Temperature [kR): 348 36.0 29.9 8.0 Mazimum Allowable Sag [m]
h SagiTension at Abowve Stringing Temperature: 4 Eag Comparison Graph
Temp(*C): 61 70 [ L 12
Sag at Peak Operating Amps Sag [m): E.63 FAll 7.7 I I
Tension (kM) 264 261 23.8 ¢}
Temp['C]: 150 75 210 I I _
Sag at Rated Operating Temperature Sag [m): 712 .29 4.75 . = s_
Tenzian [kh): BE 264 [EX | | £, |
Temp(*Cl: 00 I 0 [ ¥ =
Sag at Masimum Temperature Sag [m): T.22 .18 4.40 I 1
Tension (kM) 24.7 22.7 17 I I
Max. Temp['C]: 200 B 75 : mazrseA- 2R
emperature at Maximum &llowable Sag Sag [m): 7.22 203 £02 I I o B "' e (el .
Ampacity Cells Turn Fied if IMax Tenzion (kM): 247 231 23 o » w0 s W W
Capaaity is not reached Ampacity (4] 1884 1,090 az I ‘; Tempersture [*C}
Wind { Ice or Cold Temperature SagiTension: fWind ! Ice Conditions
Sag [m):| 744 | [ 643 | | 7.0z |I & | Temperature (1)
Tensian (kM| [ | [ 547 | | 50.7 1 1E1 | windspeed (kmihr)
DT S S S e g s U ———— e —— 0.00 | Sakety Factor [kém)

1270 | Radial le Thickness [mm)
\ 12,8 | lce Density (kafm®)




| Initial T/L operating condition and target

3 Phases/Circuit
50 Cost of Energy Generation [FM-h]
0.200 (C0; (kalkih]

03 Load Increasefrear

0.5 Salar Absorptivity With r.ed u Ced

0.5 Emizsivity

30 ‘wind Angle (deg.]
] Bzimuth of Line [N3=0, E''=30]
3 Latitude [neg = South)

February | Manth
15 Day of Manth
12 Time [2d krs.]
Clear  |Atmosphere

" Units Language Yoltage Type Load and Generation Cost Assumptions
z [ Metric 1 English AC | ccPv2z2 0.0 |Line Length (km)
m Environmental Input 132 Woltage (kW)
1029.6 [Sun Badiation [Wim’] P o/ 600 (Peak Operating Amps

9 35 Ambient Temp. ['C] FTT R TR SOA InCcrease ol |LoadFactar 0

§ 061 |%ind[misec] . 23  |LossFactar
0 100 |Elewvation [m] In Peak am PS’ 137 | Peak Pawer per Circuit (M
3

load factor

Initial S5ag and Tension:
3520 |Buling Span(m)
30 Initial Sagging Temperature [C)
0.0 |[Maximum Allow able Sag(m)

Load and Generation Cost Assumptions
0.0 Lime Length [km]
132 |Volkage (KW
400 |Peak Operating Amps

;2; tnadFFacmr 0 * In #1, we see that the Kumbotsu — Danagundi transmission line
51| Pask Pewer per Circuit (M) is operating at 400 amps, delivering 91 MW of power, which is
the maximum rating for the ACSR Wolf conductor.

Minimum Increase Target

3 PhasesiCircuit
S0 Cost of Energy Generation [#Mwh)
0.200 (CO; (kalkih)

03 LoadIncreasef'ear

Initial Sag and Tension:

WY .

350__|Ruling Span(m) * In # 2, we see the minimum up-rating target of 600 amps (137
a0 Imitial Sagging Temperature ['C] . . . .
0.0 | Masimum Allow able Sag m] MW) which will be the basis for conductor selection and

Existing Line Condition peiionmance comparison.
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Kumbotsu - Danagundi: ACSR Wolf baseline

Conductor informafon

'CTC GLOBAL

Base Conductor

Conductor #1

Conductor ¥2

Unit=

Language Yoltage Type

\

Type: ACSE Select Type Select Type [ Matric | English AL | ccPuezaz
Size [mm® Al - Code ‘word): 158 - wiOLD 0 - Zelect Size 0 - Telect Tize Environmental Input
Aluminum Srea [mm 0.0 0.0 10236 [Sun Badiation [Wim’] P
Diameter [m 0.000 0.000 35 Ambient Temp. [C] T s
Fiated Strength (kM) | 0 0 061 |%ind[misec)
Ywieight (kalkm T%ﬁ:_ﬂ 0.0 0.a 100 Elewation [m]
[T Fesistance 2t 20T ohmatkm | T 000000 0. 00000 05 |Solar Absarptivity
AC Resiztance at 25'C [ahmsikm]: 013285 0.00000 0.00000 0.5  |Emissivity
AC Resiztance at 75 C [ahmsikm]: 021881 0.00000 0.00000 a0 ‘wind Angle [deg.]
0 Bzimuth af Line [MNS=0, E'w'=30]
Conductors per phase: 1 1] 0 3 Latitude [neg = South)
Circuits: 1 ] 0 February | Month
Ampacity [A] at Temperature (C1 | 10| bl 1] #ALLE! 1] #/ALLIE! 1= Day of Manth
Ampacity [&)] at Bated Operating Temp ['C): TS, 443 > HH# #WaLLE! HH# #onLLE! 12 Time [24 hrz.]
Ampacity [A)] a2t Masimum Temp ['C): | 100 57T Hi #UALLIE! Har #UALLE! Clear [Atmosphere
Line Loss [Based on Inputted Peaking Operating Amps Yalue) (Luad and Generation Cost Assumptions \
Steady-State Temperature [*C] at Peak Ampacity: (atal #aLLE! #/aL LIE! 10.0  [Line Length [km]
Resistance at Peak Operating Amps [ohmdkm): 021353 #ALLE! #/ALLIE! 132 [Maoltage (KW
Firzt“'ear Line Loszses (Mwh): d 652 #ALLIE! #0aLLE! 400 (Peak Operating Amps
ACSR A58 - WOLD - Reduces First''ear CO: Generated bu [MTI: #JALLIE! #UALLE! 70 [LoadFactar
ACSR 158 - WIOLD - Feduces First™ear Line Losses bu [MWh: #aLE! #JAaLLUE! 52 [LossFactor
ACSR 158 - WOLD - Peduces FirstYear Line Lossesbu 4] #aLlE! #ALLE! =1 Peak Power per Cincuit (M
ACSR 158 - WIOLD - Feduces First™'ear Line Losses bu [$#Mear]: #alE! #SalLLE! 3 Phaszes{Circuit
ACSRE 158 - WOLD - Line Losz Savings per meter af Conductar [Fm): #aLE! #SALLE! S0 Cost of Energy Generation [FMwh)
0200  (C0; (kglkih]
ACSE 158 - WOLD - Reduces 30 vear line loss bu (3] #ALLE! #/ALLIE! 0 Load Increasef'ear
ACSR A58 - WOLD - Reduces 30 vear CO; generation by (MT]: #ALLIE! #0aLLE! \ )

 ACSRWolf is the basis for current capacity and limitations of the transmission line
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Conductor information

Kumbotsu — Danagundi: ACSR Wolf baseline

Base Conductor

Conductor ¥1

Tupe: ACsSRE Select Tupe
Size [mm® Al - Code \Ward]: 158 - WOLD 0 - Select Fize
Initial Sag and Tension:
¥ RTS: 20,05 0.0
Sag at Imitial Sagging Temperature [m): L3 #MiA
Imitial Tension at Sagging Temperature [k 138 #MiA
SaglTension at Above Stringing Temperature:
Templ'Cl: G #aLLIE!
Sag at Peak Operating Amps Sag [m): 3.34
Tension (kM) 117
Templ'C]: = #MiA
Sag at Bated Operating Temper Sag [m): 361 #UALLE!
Tenszion (kM) 1.4 HM
Templ'Cl: 100 #MIA
Sag at Manimum Temperature Sag (m): 10.50 #ALLE!
Tenszion (kM) 10.4 HMMA
Max. Templ'C): gE #ALLIE!
Temperature at Masimum Allow able Sag Sag [m): 10.01 #UALLIE!
Ampacity Cells Turm Red if Max Capacity is Tension (kMN): 0.3 HMIA,
not reached Ampacity [A]: 511
Yind ! lce or Cold Temperature SagiTension:
Sag(m): g.dd #ALLIE!
Tenszion (kM) 13.0 M

Conductor ¥2 Units Language Yoltage Type
Sielect Tupe | Mewic | English | AC CCP v 2.3.2
0 - Zelect Size Environmental Input
Initial Sag and Tension:
0.0z 350 [Puling Span (m)
#MA a0 Initial Sagging Temperature [C]
#MNIA ¢ 10.0 apum Allow able Sag(m)
Sag Comparison Graph
#/aLIE! 12
10 =
#Mia ///?
#ALLE! ¢ '
H#MIA % s
#1414 [+
#SaLLE! 4 — ACERANE - WOLD
#MLA — St Type-0- Smlect Ske
#JALLUE! z Saimct Type-0- Sslact Ska
#/ALLE! o i Vexﬁ:o‘m:\esglj-rq .
HMLA [} 50 100 150 200 250
Temperature [°C)
¥ind ! lce Condition=
#0aLLE! 20 Temperature ']
HMNIA 0.0 [Windspeed [kmihr)
0,00 [Safetu Factar [(Mim)
0.00 [Radiallze Thickrness [mm]
0.0 lze Densitu [kalm®]

- ACSR Wolf establishes the limits for installation tensile loads on the towers and the maximum sag of the conductors
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Mapping conductors within limitations

Tension needed to meet sag clearance (13.8kN = |.4MT)

4

Because the towers were built for
ACSR Wolf, we must only consider
comparison of conductors that are
very close to it’'s weight and
diameter, and can be installed to
meet the ground clearance.

o

158.1 imm?2 aluminum
18.13 mm diameter

726 kg/km

13.8 kN installed tension

Weight (726 kg/km)

However, since ACSR
Wolf cannot meet
600 amps, we will use
these parameters to

look at larger ACSR
conductor.




6% more

< |
8_ @ ""' @ G LO B AL Kumbotsu - Danagundi: ACSR OPTIONS
e Conductor information Basze Conductor Conductor ¥1 Conductor ¥2 Unitz Language Yoltage Type
Q' Type: ACSE ACSE Select Type | Metric | English | AC | ccPue232
@ Size [mm® Al - Code ‘word): 158 - wOLD 55 BF 0 - Select ize Environmental Input
Aluminum Area (mm’): 1551 0.0 10236 [SunRadiation ['w/im’ [
|_ Oiameter [mm): 138,130 0000 35 Ambient Temp. ["C) Envvironmentsl inuts
@ Rated Strength [kM): =] 0 0.61 Wind (misec]
P ".-."E-ight kE.'km]: TZE.0 0o 00 Elewation [m]
OC Resiztance at 20'C [ahmsikm]: 017875 0106385 0.00000 05  |Solar Absorptivity
AC Resiztance at 25 C [ahmsikm]: 0153285 010570 0.00000 0.5  |Emissivity
AC Resiztance at 75 C [akmsikm]: 021581 0.13710 0.00000 a0 ‘wind Angle [deg.]
0 Bzimuth af Line [N3=0, E'w'=30]
Conductors per phase: 1 1 0 3 Latitude [neg = South)
Circuits: 1 / 1 1] February | Manth
Ampacity (4] at Temperature [[C): [ 70 416 70 573 0 #0aLLE! 15 Day of Manth
Ampacity (4] at Bated Operating Temp [(Cl: [ 75 443 || 75 513 HiH #UALLIE! 12 Time [24 hrs.]
Ampacity [A) at Magimum Temp ((C1: | 100 57T |l'||:||:| an HH# #JAaLLUE! Clear |Atmosphere
Line Loss [Based on Inputted Peaking Operating Amps Yalue) Load and Generation Cost Assumptions
Steady-State Temperature [*C) at Peak Ampacity: 105 T3 #/aLLIE! 10.0  [Line Length [km]
Reszistance at Peak Operating Amps [ohmikm): 0.24074 043017 #UALLE! 132 |\alkage (kW)
First*v'ear Line Lozses [Mw'h]: 5.548 3.541 #UALLIE! 600 (Peak Operating Amps
ACSRE 158 - WOLD - Reduces FirstY'ear CO: Generated by [MT: =273 #JAaLLUE! S04 |LoadFactaor
ACSR 158 - WIOLD - Feduces First™'ear Line Lozses bu [MiwWh: -3.007 #/aLLE! 232 [LoszFactor
ACSR 158 - WOLD - Beduces First Year Line Losses by [>4]: -50 #JALLE! 137 |Peak Power per Circuit [[M'w]
ACSR 158 - WIOLD - Beduces First'ear Line Lozses bu [$#Mear]: -120,370 #SaLLE! 3 Phaszes{Circuit
ACSE 158 - WOLD - Line Loss Savings per meter af Conductar [Fm): -2 #ALLUE! S0 Cost of Energy Generation [#Mwh)
0200 (C0; (kglkih]
ACSR 158 - WOLD - Reduces 30 vear line loss bu [$): -4.511.085 #0aLLE! 05 Load Increasefdear
ACSRE 158 - WOLD - Reduces 30 vear CO: generation by (MT): -15.044 #UALLE!

ACSR Bear can just meet the increased 600 operating amps and 800 amp target with a weight increase of 66%. (1,213 vs 726)



o

CTC GLOBAL

ACSR Bear cannot be installed on current towers

CTC GLOBAL

Conductor information
Tupe:
Size [mm® &l - Code wWard):
Initial Sag and Tension:
¥ RTS:
Sag at Imitial Sagging Temperature [m):
Imitial Tension at Sagging Temperature (kM)

SaglTension at Above Stringing Temperature:

Templ'C]:

Sag at Peak Operating Amps Sag [m):

Tension (kM):

Templ'C]:

Sag at Rated Operating Temperature Sag[m]):
Tension (kM):

Templ'C):

Sag at Manimum Temperature Sag(m]:

Tension (kM):

Max. Templ'C):

Temperature at Masimum Allow able Sag Sag [m):
Ampacity Cells Turn Red if Max Capacity iz Tension [kM):
not reached Ampacity [4):

Yind ! lce or Cold Temperature SagiTension:
Sag(m):
Tension (kM)

Kumbotsu - Danagundi: ACSR OPTIONS

P — e —— ™ -
Basze Conductor Conductor ¥1 Conductor ¥2 Unitz Language Yoltage Type
acsk ACSH acsSE | Hetric1 English 1 AL | CCPv232
155 -wWOLD MO 265 -BEAR | 265 - BEAR Environmental Input
Initial Sag and Tension:
20,05 1205 2205 350  |Puling Span [m)
T.30 13.31 T 25 a0 Initizal Sagging Temperature [C]
138 |Z[ 13.7 T s 0.0 |Masimum Allow able Sag (m)
\. \g =
Sag Comparison Graph
105 15
10,64 ]
10.3 = —
75 =
381 10 _,..-"’f
1.4 % P
100 100 100 ] :
10,50 15.03 9.3z ACSRASE - WOLD
0.4 121 15.4 4 ACSRZES - BEAR
ah ) 00 2 ACSR-ZES - BEAR
0.0 1227 9.3z o === Wi Alowanie S m|
0.9 12,7 18 [} 50 100 150 200 250
=1 & Temperature [°C)
¥ind ! lce Condition=
g.dd 13.30 T.54 20 Temperature ']
18.0 172 303 0.0 [Windspeed [kmihr)
0,00 [Safetu Factar [(Mim)
0.00 [Radiallze Thickrness [mm]
0.0 lze Densitu [kalm®]

ACSR Bear greatly exceed the constraint on installed tension and maximum allowable sag




Mapping conductors within limitations

Tension needed to meet sag clearance

2 'r
8 O~ ACSR Bear
~ 264.5 mm? aluminum
o 23.45 mm diameter
1,213 kg/km (167%)
I‘Q 25.1 kN installed tension (182%)
©
< .
R Wolf Weight
.1 mm?2 aluminum

mm diameter

726 kg/km .

13.8 kN installed tension ACSR Bear IS far to
heavy to be installed
within the limits of
the towers, so we
must consider HTLS

v conductors.

ctcglobal.com | 1.800.555.1212
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8 @ '"’ @ G LO B AL Kumbotsu - Danagundi: ACSSITY and ACSS round wire OPTIONS
ol Conductor information Basze Conductor Conductor ¥1 Conductor ¥2 Unitz Language Yoltage Type
0’ Tupe: ACSH ACSSIT' ACSS | Mewic | English | AC | ccPez32
@ Size [mm® Al - Code ‘word): 158 - wOLD O CEID 170 - ORIOLE Environmental Input
£ Aluminum Area (mm’): 1551 1705 0236 [SunRadiation ['w/im’ [
|h Oiameter [mm): 138,130 18.8:21 35 Ambient Temp. ["C) Envvironmentsl inuts
@ Rated Strength (kM) g3 EG 0.61 [%ind(misec)
> ".-."E-ight kE.'km]: TZE.0 I TE3.2 00 Elewation [m]
OC Reszistance at 20°'C [ahmslkm): 07aTs TR 018010 05 Solar Absorptivity
AC Pesistance at 25 C [ohmsikm): 0153285 016233 016375 0.5  |Emissivity
AC Pesistance at 75 C [ohmsikm): 021581 013530 013675 an ‘wind Angle [deg.]
0 Bzimuth af Line [N3=0, E'w'=30]
Conductors per phase: 1 1 1 3 Latitude [neg = South)
Circuits: 1 1 1 February [ Manth
Ampacity (4] at Temperature [[C): [ 70 416 70 437 TO d4d3 15 Day of Manth
Ampacity (4] at Bated Operating Temp [(Cl:[ 75 443 || 200 35 200 332 12 Time [24 hrs.]
Ampacity [A) at Magimum Temp ((C1: | 100 57T |l25|:| 1.023 250 1,043 Clear |Atmosphere
Line Loss [Based on Inputted Peaking Operating Amps Yalue) Load and Generation Cost Assumptions
Steady-State Temperature [*C) at Peak Ampacity: 105 33 a7 10.0  [Line Length [km]
Reszistance at Peak Operating Amps [ohmikm): 024074 021153 021129 132 Valeage (kW]
First*v'ear Line Lozses [Mw'h]: 5.548 5.755 5,747 600 (Peak Operating Amps
ACSRE 158 - WOLD - Reduces FirstY'ear CO: Generated by [MT: -T2 =73 B0 [Load Factor
ACSR 158 - WIOLD - Feduces First™'ear Line Lozses bu [MiwWh: -7a3 -2 232 [LoszFactor
ACSR 158 - WOLD - Beduces First Year Line Losses by [>4]: L =142 137 |Peak Power per Circuit [[M'w]
ACSR 158 - WIOLD - Beduces First'ear Line Lozses bu [$#Mear]: -33,635 -40.045 3 Phaszes{Circuit
ACSE 158 - WOLD - Line Loss Savings per meter af Conductar [Fm): -1.32 -1.33 S0 Cost of Energy Generation [#Mwh)
0200 [C0; (kglkih]
ACSR 158 - WOLD - Reduces 30 vear line loss bu [$): -1,189.054 -1,201,423 05 Load Increasefdear
ACSRE 158 - WOLD - Reduces 30 vear CO: generation by (MT): -4, 756 -4,806

- ACSS/TW Oriole and ACSS Oriole meet capacity requirements with only slightly higher weight than ACSR Wolf
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Conductor information
Tupe:
Size [mm’ &l - Code \ward]:
Initial Sag and Tension:
¥ RTS:
Siag at Initial Sagging Temperature [m):
Imitial Tension at Sagging Temperature [kM):

SaglTension at Above Stringing Temperature:

Templ'C]:

Sag at Peak Operating Amps Sag(m]:

Tenzion (kM)

Templ'C]:

Sag at Rated Operating Temperature Sag[m):
Tenzian (kM)

Templ'Cl:

Sag at Manimum Temperature Sag [m):

Tenszion (kM)

Man. Templ'C]:

Temperature at Masimum Allow able Sag Sag(m):
Ampacity Cellz Turn Red if Max Capacity iz Tension [kM]:
mot reached Ampacity [A):

Yind ! Ice or Cold Temperature SagiTension:
Sag(m]:
Tenzion (kM)

Base Conductor

Conductor ¥1

Conductor ¥2

Kumbotsu - Danagundi: ACS5ITW and ACSS round wire OPTIONS

Unit=

Language Voltage Type

ACSHE BCSSITh ACSS Hetricw English 1 AL CCP w232
155 - wWoLD 170 - ORIOLE 170 - ORIOLE Environmental Input
Initial Sag and Tension:
20,05 2,05 220 350  |Ruling Span [m)
T7.a0 T.45 8.13 30 Initial Sagging Temperature ['C)
13.8 4.5 10.0  |[Maximum Allow able Sag(m)
Sag Comparison Graph
105 33 a7 15
1064 0.0z 10.55
0.3 T nz “
12 —
75 200 200
361 .94 12.51 10 =
4 33 aq E ,—-""'F
w B =
100 250 250 & .
10,50 12.84 13.39 ACSRA%E - WOLD
0.4 4 ACSHTW-170 - DR IOLE
GE 2 ACS5-170 - ORKOLE
1|:||:|-| o -I--‘VexTIwA'eaeS-?:ﬁ| .
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ACSS/TW Oriole and ACSS Oriole are sag limited, even when the installed tension exceeds the criteria by 15%




Mapping conductors within limitations

Tension needed to meet sag clearance

1

O~ ACSR Bear
264.5 mm?

ACSS/TW Oriole

[70.5 mm?2 aluminum
7.6 mm diameter
783 kg/km (108%)
‘ 15.8 kN installed tension (I 15%)

C1C GLOBAL

y

“YACSR Wolf Weight
158.1 imm?2 aluminum

18.13 mm diameter

726 kg/km

13.8 kN installed tension

ctcglobal.com | 1.800.555.1212



Mapping conductors within limitations

Tension needed to meet sag clearance

1

O~ ACSR Bear
264.5 mm?

ACSS/TW Oirriole
170.5 mm?

AAAC Sycamore
303.3 mm? aluminum
O 22.6 mm diameter (125%)
- AAAC Poplar % eiseve
239.5 mm? aluminum oo
20.1 mm diameter (1 11%) Reges

835 kg/km (115%)
6.0 kN installed tension (T167%) >
659 kglkm (91%) o Ml
13.8 kN installed tension (100%) -1 mm*= aluminum

Weight
18.13 mm diameter

726 kg/km
13.8 kN installed tension

C1C GLOBAL

ctcglobal.com | 1.800.555.1212



Mapping conductors within limitations

Tension needed to meet sag clearance

d A
< i
e O~ ACSR Bear
9 264.5 mm?
8 STACIR (invar) 160 ACSS/TW Orriole
= 159.3 mm?2 aluminum 170.5 mm?
@) 18.2 mm diameter
© 706.8 kg/km (97%) @ @ AAAC Sycamore
alled tensio 01% X X — 303.3 mm?
- R
TACSR Wolf Weight

158.1 imm?2 aluminum
18.13 mm diameter

726 kg/km

13.8 kN installed tension

ctcglobal.com | 1.800.555.1212



Mapping conductors within limitations

Tension needed to meet sag clearance
1

O~ ACSR Bear
264.5 mm?

ACSS/TW Orriole
STACIR (invar) 160 170.5 mm?

2
159.3 mm AAAC Sycamore
| 303.3 mm?
AAAC Poplar C
239.5 mm

CiC GLOBAL

A

y

Weight

158.1 mm? aluminum

ACCC® Oriole 18.13 mm diameter
222.3 mm? aluminum 726 kg/km
18.8 mm diameter (104%) 13.8 kN installed tension

689 kg/km (95%)
13.8 kN installed tension (100%)

ctcglobal.com | 1.800.555.1212



Mapping conductors within limitations

Tension needed to meet sag clearance

1

STACIR (invar) 160
159.3 mm?

AAAC Poplar @
D 7395 mm

C1C GLOBAL

y

Weight

158.1 mm? aluminum

ACCC® Oriole 18.13 mm diameter
222.3 mm? aluminum 726 kg/km
18.8 mm diameter (104%) 13.8 kN installed tension

689 kg/km (95%)
13.8 kN installed tension (100%)

ctcglobal.com | 1.800.555.1212
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Mapping conductors within limitations

Tension needed to meet sag clearance

A

STACIR (invar) 160

JEQ Q a2 aliimain,

18.2 mm diameter
706.8 kg/km (97%)
14.0 kN installed tension (101%)

AAAC Poplar

239.5 mm?2 aluminum

20.1 mm diameter (TTT%)
659 kg/km (91%)
13.8 kN installed tension (100%)

ACCC® Oriole

222.3 mm? aluminum

18.8 mm diameter (104%)

689 kg/km (95%)

13.8 kN installed tension (100%)

ACSS/TW Oirriole

170.5 mm?2 aluminum
7.6 mm diameter

783 kg/km (108%)
15.8 kN installed tension (I 15%)

o

“C7 ACSR Wolf

7Weight

58.1 mm?2 aILLminum

18.13 mm diam
726 kg/km
13.8 kN installe

ter

d tension

ctcglobal.com | 1.800.555.1212



Relative conductivity CO2 generation

ACSR STACIR  ACSS/TW AAAC ACCC
i Aluminum Area mm?2 158.1 159.3 170.5 239.5 222.3
8 %IACS 61.20% 60% 63% 52.50% 63%
6 Relative conductivity 97 96 107 126 140
2
© Resistance at 600 amps (ohm/km) 0.2407 0.2259 0.2116 0.1739 0.1578
Annual line losses (MWh) 6,548 6,146 5,755 4,713 4,293
CO2 Generated (MT) 1,310 1,229 1,151 943 859
Reduced CO2 versus ACSR (MT) 0 80 159 367 451
Reduced CO2 per KM (MT) 0 8 16 37 45
% Reduction CO2 Generation 0% 6% 12% 28% 34%

* With all other design conditions the same on this short
(10km) 132kv line, conductor choices can reduce CO2
generation by 6 to 34%, versus an overloaded ACSR WVolf.



Bigger lines equals bigger results

120 Circuit Mile AEP Project Example
345 kV Line — Replace ACSR with ACCC

* Increased line capacity by 75% with 625 amp emergency reserve

C1C GLOBAL

* Reduced line losses by 30%
* Line loss reduction saves 141,580 MWh / year (=$7.1M @ $50/MWh)

* Emission reductions saves 57,798 Metric Tons CO2 / year
* This equates to removing over 12,000 cars from the road

* Line loss reduction also frees up over 16 MWV of generation

Notes:
Double bundled conductor. Load factor Assumption = 34%
'US National Average CO2 = 1.372# / kWh. (I car = 4.75 MT CO2 / year)
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Regional Impact in South East Asia

* |8 million MT reduction of CO2 every year

Indonesia

Thailand
Malaysia

Vietnam

Philippines
Myanmar

Cambodia

Laos

TOTAL

216,200,000
164,800,000
131,600,000
157,480,000
76,000,000
7,144,000
991,000
12,240,000
766,455,000

477 MMT
258 MMT
216 MMT
146 MMT
87 MMT
13 MMT
5 MMT

3 MMT

1,205 MMT

8,240,000
6,580,000
7,874,000
3,800,000
357,200
49,550
612,000

38,322,750

3,243,000
2,472,000

1,974,000

2,362,200

1,140,000
107,160
14,865
183,600
11,496,825

*  Source: Worldbook: Statistical Review of World Energy 2014, and EIA — International Energy Statistics 2014
** Source: Enerdata 2013

10,810,000

7.2 MMT
3.9 MMT
3.2 MMT
22 MMT
1.3 MMT
0.2 MMT
0.1 MMT
0.05 MMT
18 MMT



1-2% lower GHG generation

* Using or changing to efficient conductors reduces line
losses by | —2 % and CO2 generation by the same
amount.

C1C GLOBAL

* Renewable generation benefits through |-2% more
delivered power.

* Better efficiency and better return on capital projects
go hand in hand (it is not double counting), so efficiency
also generates more profitability for minimal capital cost
increase.



