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Abstract
According to the Long Term Generation Expansion Plan 2009-2022 published by the

transmission and Generation Planning Branch of Ceylon electricity Board there will be I our
250MW and | our 300MW coal plant units in Trineomalee area by the year2020. Therefore a
necessity Has arisen for identify, plan and formulaic the transmission grid connection for the
above mentioned coal fired power plants. Because of the large quantity of power which has to be
transmitted from the proposed trineomalee Power Station it has been decided to investigate the
possibility of utilizing 400kV as the transmission voltage against the present practice of
transmitting power using 220kV.

Detailed power system analysis consisting of load flow and stability studies were conducted
under night peak and day peak loading conditions to identify areas where the planning criteria
were violated using the Power System Simulator for Engineering' (PSS1-) software package.
Conclusions of the most feasible transmission network configuration for power plant-grid
connection were drawn based on all the above power system analysis results, economic analysis
results and other concerns. Saudis were conducted for year 2016 based on the "Long Term
Transmission Development Plan 2008-2016* and for year 2020 based on the Master Plan Study

on the Development of Power Generation and Transmission System in Sri Lanka -January 2006.

It is possible to identify 220kV and 400kV transmission network configurations, which are
capable of successfully transmitting 2200MW power generated at trineomalee Power Plant in
year 2020. But the 220kV configuration is economically viable with compare to 400kV
configuration for trineomalee Power Plant Grid Connection. By considering all the advantages
and disadvantages of selected 220kVand 400kV transmission network configurations, it is
recommended that 220kVconfiguration be used as the trineomalee Coal Fired Power Plant Grid

Connection.
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Chapter 1
Background and Scope

Background. motivations. objectives and the methodology of the study are described

in this chapter.

1. Background

The CEB is the national utility responsible tor the generation. transmission and a
major portion of distribution of electrical power in Sri Lanka. The demand for
cleetricity in Sri Lanka is grown at rate of 5.68% per annum [3]. The generating
sources and primary transmission and associated grid substation facilities have to be
re-cnforeed and strengthened 1 order to meet this growth in demand.

[tis essential to development and strengthening of the transmission system facilities 1o
transmit the power generated at main generating stations such as Trincomalee Coal
Fired Power Plant into the main transmission system. The necessary transmission
system reinforcements to maintain a satisfactory power system performance in Sri
Lanka are identified by the detailed power system analysis conducted during the Long
Term Transmission System Expansion Planning process. CEB completed Master Plan
Studies for the development of the Transmission system in Sri Lanka with technical
assistance from Japan International Co-operation Agency (JICA) in January 1997 and
m January 2006 {4]. Long Term Transmission Development studies are conducted
annually. based on the latest available National Load Forecast. Long T'erm Generation
Fxpansion Plan and Medium  Voltage Distribution Development Plan reports.
Outcome  of the above studies emphasized the urgency of constructing  the
transmission system facilities outlined in this study tor the transmission of power from

Trincomalee Coal Fired Power Plant.

1.2 Problem Statement

The Ceylon Electricity Board (CEB) transmission syvstem comprises ot 220 kV and
132 KV transmission networks. interconnected to grid substations (GS) and power
stations (PS). The 220kV transmission system is mainly used to transmit power from

Mahaweli hydro power generating stations namely Kotmale. Victoria. Randenigala
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and Rantembe to main load centers through Kotugoda. Pannipitiva and Bivagama grid
substations. The 132kV transmission network is used to interconnect most of the grid
substations and 1o transter power trom other power stations.
According to the “Long Term Generation Expansion Plan 2009-20227 coal fired
thermal units will be added to the power system in following manner. {1

o 2013 - 2x250MW Trinco Coal (stage 1)

o 2015 - 2x250MW Trinco Coal (stage 2)

e 2015 - Ix300MW East Coast 2 (stage 1)

e 2016 - Ix300MW East Coast 2 (stage 2)

e 2017 - Ix300MW tEast Coast 2 (stage 3)

e 2018 - IN30OMW Last Coast 2 (stage 4)
[t has been decided that two sites along the cast coast of Sri Lanka be developed tor
coal fired power plant. One site located at 7% milepost on Trincomalee- Pullmudai
road (Irinco Coal) is expected to cater TOOOMW of 250MW coal fired power plant
units. It is also expected a site at Sampur (East Coast 2) be allocated for further 4x
J00MW units of coal fired power plants units.
Because of the large quantity of power which has to be wransmitted tfrom proposed
Trincomalee power stations to load center. it has been decided to consider the
possibility of utilizing 400 kV as the transmission voltage be explored against the

present practice of transmitting power using 220 kV as the transmission voltage.

1.3  Objectives
The main objectives of the study are.
e Sclection of 400kV and 220kV transmission network configurations for
[rincomalee Power Plant Grid Connection for year 2020,
o Analyse the Technical feasibility of using 400kV configuration against the
220k V configuration as the Trincomalee Power Plant Grid Connection.

e [nvestigate the conomic viability of 400kV and 220k V transmission network

configurations for proposed Trincomalee power plant Grid Connection



1.4 Methodology

Detailed power system analyses consisting of load tlow and stability studies are
conducted under night peak (19.30 hours) and day peak (11.00 hours) loading
conditions to idenufy areas where the planning criteria are violated. The Power
Svstem Simulator for Lingineering (PSSIE:) software package is used as the study tool
for that purpose.

PSSE package is comprised of a comprehensive suite ol programs ftor studies of
power system transmission network and generation performance in both steadv-state
and dyvnamic conditions. In addition to steady-state and dyvnamic analysis. the PSSE

e also provides the user with a wide range of auxiliary programs for

packag
installation. data input. output. manipulation and preparation.

The main objective of the load tlow study is to determine the steady state performance
of the power system. The potential problems such as unacceptable voltage conditions
and overloading of the transmission network elements are identified tfrom load flow
studies. Contingency analysis is required to identity network botilenecks during
equipment failure or unavailability.

The stability studies are performed in order to make sure that the system will remain
stable following severe disturbance. Under stability studies transient behavior of the
system is obscrved.

To sclect the most suitable transmission network configuration. technical as well as
-conomic aspects are taken into consideration.

The methodology followed in this study is as follows.

o Review the 220kV Transmission network contiguration of Trincomalee Power
Plant  Grid  Connection  proposed by the ~Long Term lransmission
Development Plan 2008-2016".

o I[dentification of 220kV Transmission network configuration for Trincomalee
Power Plant grid connection for vear 2020

o [dentification of 400kV Transmission network configuration for Trincomalee
Power Plant grid connection for year 2020

o Steady state analysis. transient stability analysis and cconomic analvsis are
used to study the advantages and disadvantages of the configurations.

o Conclusions of the most feasible configuration for power plant erid connection

are drawn based on all the study results.

'sd




Chapter 2
Review of Trincomalee Power Plant Grid Connection for

vear 2016

“Long Term Transmission Development Plan 2008-20167 [2] proposed 220kV
transmission network configuration for Trincomalee power plant Grid Connection to
transmit 1600MW of power in year 2016. The main objective of this study 1s to select
the most feasible transmission configuration tor vear 2020. after addition of all the
coal plant units to the system. Betore go for year 2020 system studics. it is necessary
to review the existing configuration. Thercfore in this chapter. three alternatives of
220kV Trincomalec Power Plant Grid Connections were studied based on the
configuration proposed by the ~Long Term Transmission Development Plan 2008-
20167 for yvear 2016. Technical and economic evaluations were used to sclect the best
alternative. The results of Chapter 2 studies were used when selecting transmission

configuration for the Trincomalee Power Plant Grid Connection for year 2020,

2.1 Initial Transmission Network Configuration

According to the ~“Long Term Transmission Development Plan 2008-20167 [2]. initial

transmission network configurations proposal (Figure 2.1). which is capable of

cansmitting  1600MW  power using 220KV as the transmission voltage from

Trincomalee power plant in year 2016 1s in following manncr.

2.1.1 Power Transmission Facility Related to Trincomalee Coal-Fired Thermal

Plant

New transmission developments required to Trincomalee power plant grid connection

can be summarized as below.

e [rincomalee Power Station (PS) switchvard (220kV  double bus bar (D/B)
arrangement with a bus coupler. 3x220kV D/B Transmission Line (TL) bays.
2x220kV D/B Transformer (17F) bays, 2x150 MVA 220/132/33kV Transtormer.
132kV double bus bar arrangement with a bus coupler. 2x132kV D/B 11 bays.
2x 132KV D/B TL bayvs)

e [rincomalce Grid Substation (GS) (2x132kV T1. bays)

e Trincomalee PS - Trincomalee GS 132KV transmission line (2 cet. 28km. Zcbra)



New Habarana Switching station (SS) (2x250MVA 220/132/33kV Tt 9x220kV
D/B TL bays. 2x220kV D/B Tt bays. 220kV double bus bar arrangement with bus
coupler. 132kV double bus bar arrangement with bus coupler. 2x132kV D/B 1T
bays. 2x132kV Tf bays)

Trincomalee PS — New Habarana SS 220kV transmission line (2 cct. 935kn.
dxZebra)

Vevangoda GS (4x220kV D/B TL bays)

New Habarana SS — Veyangoda S 220kV transmission line (2 cct. [45km.

dx/ebra)

2.1.2  Construction of Kirindiwela 220/132kV Switching Station

Following transmission developments are required for Kirindiwela switching station

construction.

Kirindiwela SS (220kV double bus bar arrangement with bus coupler. 8x220kV
D/BTT. bays)
Construction of Vevangoda-Kirindiwela 220kV transmission line (2cct. 14.5km.

4x/cbra)

2.1.3 Construction of Arangala 220/132kV Switching Station

Iransmission facilities related to Arangala switching station are listed below.

Arangala SS (2x250MVA 220/132/33kV TI. 6x220kV D/B TL bays. 2x220kV
/B Tt bays. 220kV double bus bar arrangement with bus coupler. 132kV double
bus bar arrangement with bus coupler. 2x132kV T'{ bayvs)

Construction of Kirindiwela-Arangala 220kV transmission line (2 cct. 33km. 4x
/¢bra)

Construction of Arangala SS -Athurugiriva GS 132KV transmission line (2ect.
3.6km. Zebra)

Construction of Arangala SS -Kolonnawa GS [32kV wansmission line (2¢cl.

10.4km. Zebra)
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Figure 2.1 Trincomalee Coal Power Plant Grid Connection According to the * Long Term
Transmission Development Plan 2008-2016™

2.2 Cost Estimation of Initial Transmission Network Configuration
Al e ftems listed in 20101, 2.1.2 and 2.1.3 were taken into account for the calculation
- eosts of selected transmission network configurations. Unit costs (Base Cost) were
shained from the 2008 Cost Database prepared by the Transmission Planning Branch
of CEB and from the report “Master Plan Study on the Development ot Power
Creneration and Transmission System in Sri Lanka™ {4

['he best estimation of project costs can be undertaken from prices available at the
time of estimation (date ot evaluation). Project implementation can take many years.
Henee. the actual cost of the project at the commissioning date will differ trom the
cost estimated at the time of planning and evaluation. This ts the result of inflation and
increase in price and quantities of the project components. Such variation is allowed
for through the following two contingencies.

e A Physical Contingency to allow for the inerease in quamities of material and

cquipment involved in project exceution and the change of implementation

0



method.  Civil works have higher contingency than machinery. Physical
contingencies usually vary up to 10% of the project base cost. Bevond this. more
detailed estimation has to be undertaken in order to reduce uncertainties in project
cost estimation. Physical contingencies are distributed along the project execution
life as a percentage of annual cost allocation.

A Price Contingency to allow increase in price of project components. over the
base case estimation. during the construction period. It is highly dependent on

inflation rates and other possible price increases.

2.2.1 Base Cost Estimation of the Initial Transmission Network Configuration
Base cost does not include the cost associated with uncertainties and risks. It

comprises of two components.

Foreign Cost (I1.C.) Component is the cost of plant and equipment.
Local Cost {L.C.) Component includes Agency Fee. Clearance charges. Document

charges and Transport Charges etc.

Estimated
Description Base Cost
(Million LKR)

Construction of Trinco Power Station Switchyard 1013.0
Augmentation of Trinco Grid Substation 40,3
Construction of New Habarana 220/132 KV Switching Station 1500.9
Augmentation of Vevangoda Grid Substation 203.5
Construction of Arangala 220/1325V Switching Station 1385.8
Construction of Kirindiwela 220/132kV Switching Station 4654
Construction of Trincomalee PS -Trincomalee GS 132KV transmission line{28km) 791.2
Construction of Trinco PS - New Habarana SS 220k V transmission tine(95km) 59440
Construction of New Habarara SS -Vevangoda GS 220kV *m'*s"‘?ss?m line 90723
Construction of double in-out connection from Bivagamea-Pannipitiva 220kV Tr

Line to connect Arangala SS (0.5km) (9.3
Construction of Arangaia SS -Kolonnawa GS 132KV transnuission fne(10.4ham 293.9
Construction of Aranga.a SS -Athurugiriva GS 132KV ransmission line(3 ()'\K“) 1017
Censtruction of Yevangeda GS -Kirindiwela-Arangaia 8S 220KV ransmission

Hne(47.5km) 2972.0
Taotal Estimated Base Cost 23.814.5

Table 2.1 Base Cost Estimation of Initial Transmission Network Configuration in year 2016

According to the Table 2.1 wotal base cost estimation of initial 220kV transmission

network configuration is 23.814.5 Million LKR.



2.2.2 Disbursement Schedules and Total Cost Estimation of the Initial
Transmission Network Configuration

The project execution period is considered as three vears. Investment is grouped to be

disbursed at 20%. 70%. 10% spread over three vears starting one year after the cost

estimation.

Following cost components will be added to determine the total cost estimation.

o Price Escalation: changes in the cost or price of specific goods or services in a
given economy over a period of time. This is similar to the concepts of inflation.

o Physical Contingencies: To allow for the increase in quantities of material and
equipment mvolved in project execution and the change of implementation
method.

e Administrative cost: Accommodation. Communication. [ransport. Training

o levies

Description Total 2014 2015 2016
Buse Cost FC. 18054 3611 2638 1805
wery e 5761 1152 4033 376
Price Escalation LiL = el 2364 ShA
i b 5028 834 3579 615
) F.C. 21380 4182 15002 2196
Sub Total 1
ub tota L.C. 10788 1986 7612 (191
e 213 : 5 20
Physical Contingencies 10% LE I(I);g ?;i [;2(; T{S
o F.C. 23518 4601 16502 2416
Sub Total 2
ub tota L.C. 11867 2185 8373 (310
Administrative Cost [.C. 823 1ol 578 85
- O 23518 1601 16502 2416
al Before Levie
fotal Before Levies I.C 12690 2346 NU50 /397
[ evies L.C. 847 166 594 87
F.C. 23518.4 1601 16302 2416
Grand Total L.C. 13337.0 2511 9544 1481
MLKR 37,0554

Table 2.2 Total Cost Estimation of Initial Transmission Network Configuration in vear 2016
According to the Table 2.2 Total project cost estimation for the initial transmission

network configuration in vear 2016 1s 37.055.4 Million LKR




2.3 Alternative 220kV Transmission Network Configurations for

year 2016
Now the Transmission Planning Branch of Ceylon Electricity Board is in the process
of preparing the “Long Term Transmission Development Plan 2010-20197. So it is
necessary to review the existing Trincomalee Coal Power Plant Grid Connection
proposal and make necessary changes to the proposal. Following options were studied

to select most viable contiguration tor vear 2016.

. Transmission Network with the new Loads of Northern Province
. [tincomalee Coal Power Plant Grid Connection - Without New llabarana

Switching Station
. Trincomalee Coal Power Plant Grid Connection - Without Kirindiwela

Switching Station

9



2.3.1 Transmission Network with the new Loads of Northern Province
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i 1
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Figure 2.2 Network with the new Loads of Northern Province

With the liberation of contlict affected areas in Kilinochchi and Mullative districts
during late 2008 - carly 2009. development activities are gradually taken place.
Resettlement has been the top priority of the Government. [hus. many humanitarian
requirements like water supply project. hospitals. irrigation schemes are being
mitiated or under construcuon, They will require heavy supplies. Security/police
mstallations  also need  clectricity with top  priority. Presently  some  of these
installations are having Dicsel Generators. According to the Ceyvlon Electricity Board

- “Medium Voltage Distribution System Development Plan tor Recently Liberated

&

7

Areas of Northern Province™. [8] Vavunia and Kilinochceht grid substations loads will

[0



be increased by OMW and 11.5 MW in addition to the forecasted loads in vear 2016.

(Figure 2.2)

2.3.2 Trincomalee Coal Power Plant Grid Connection — Without Kirindiwela

Switching Station

To prepare new Trincomalee Power Plant Grid Connection proposals for “Long Term

Transmission Development

Plan 2010-20197.

it Is necessary o review existing

contiguration. Therefore under this option. study was conducted for the Trincomalee

power plant Grid Connection without Kirindiwela Switching Station (Figure 2.3).
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Figure 2.3 Trincomalee Coal Power Plant Grid Connection-Without Kirindiwela Switching

Station



2.3.3 Trincomalee Coal Power Plant Grid Connection — Without New
Habarana Switching Station

This option was investigated the possibility of removing the New Habarana SS from

the existing configuration (Figure 2.4). Following additional transmission re-

enforcements are necessary to overcome critical voltage and thermal criteria violations

(Annex 13).

. Construction of Trincomalee PS - Veyangoda GS 220kV transmission line (2
cet. 240km. 4xZebra)

¢ Construction ot Trincomalce PS - New Anuradhapura GGS 220kV transmission
line (2 ¢cet. 103.3km. 2xZebra)

. Reconstruction of New-Anuradhapura-Anuradhapura 132kV double circuit line
using Zebra conductor.

. Augmentation of New Anuradhapura GS (2x150MVA 220/132/33kV Tt to
INISOMVA 220/132/33kV Tt 2x220kV D/B TL bays. 1x220kV D/B Tt bays.
IXI32KV D/B TFE bays. 1x33kV TF bay)

. Upgrade ot Habarana-Anuradhapura [32kV Transmission line to operate at

759C.
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Fizure 2.4 Trincomalee Coal Power Plant Grid Connection without New Habarana Switching
Station

2.4 Steady State Analysis of Alternative 220kV Transmission
Network Configurations for year 2016

2.4.1 Transmission Network with the new Loads of Northern Province

Aceording to the “Medium Voltage Distribution System Development Plan for

Recently [iberated Areas of Northern Province™ [8] following (lable 2.3) foads will

be added to the system in 2016 in addition to the Load Forecast prepared by the

[ ransmission Planning Branch.



7 Night Peak

Grid S

CWithowt Kirindinela SS

MW MVar MW MVar
Kilinochchi  11.54 0.29 7.09 0.29
Vavunia 1 8.99 0.01 454 001

Table 2.3 Additional Loads of 2016 Power System in Liberated Arcas of Northern Province

Load flow studics for night peak and day peak load scenarios were analyzed to check

whether any modilications are necessary for the Transmission Network Configuration

of Trincomalee Coal Power Plant Grid Connection according to the new load

additions of Northern Province. The total addition of loads to the system according to

the present Northern plan is 20.3MW. But according to the Load forecast {21, the 2016

power system Night peak is 3726 3MW. Therefore it is clear that the load center will

not be changed due to new Northern loads. Load tlow studies also illustrate that no

changes will cause to the proposed contiguration due to new northern loads.

2.4.2 Trincomalee Coal Power Plant Grid Connection — Without Kirindiwela

Switching Station

System studies were conducted for Night Peak and Day Peak load scenarios

considering normal and single contingency operating conditions.

Normal operating conditions

[ransmission losses of the system with and without Kirindiwela SS arc summarized in

Transmission Losscs (MW)

Day Peak

Fible 2.4,
~ Option
Night Peak
With Kirindiwela S 047
" 103.4

J

[
N

N

Rl

Table 2.4 Transmission Losses with and without Kirindiwela Switching Substation

[ahle 24 illustrate that the transmission losses are almost same for two cases. [oad

How studies also contirm that the both systems consist of same  overloaded

cquipments and voltage violations tor both Day Peak an

normal operating conditions.

o

d Nicht Peak scenarios under



Single contingency operating conditions

Loading conditions and voltage violations after outage of critical 220kV lines are

shown in Table 2.5 and Table 2.6. (Annex 13 tllustrate the planning criteria)

-

Voltage violations (pu)

Loading on the remaining

L o __eireuit
Contingency . . Without With
& Without With S S
PR . N o Kirindiwela Kirindiwela
Kirindiwela SS Kirindiwela SS o
SS SS ‘
One circuit outage of ‘
Bivagama/Kirindiwela - 1 Bivagama - 0.947 = Biyvagama - 0.949 21% 22%
- Kotmale 220kV line
One circuit outage of Bivagama - 0.950  Bivagama (0.950
Kotugoda — Bivagama Arangala  0.935 Arangala - 0.933 66" 36%
220kV line . Pannipitiva-0.931 = Pannipitiva 0.931
One circuit outage of . 5 )

. = Arangala - 0.930 Arangala - 0.932 0 o
Bivagama - Arangala Pannipitiva- 0.926 . Pannipitiya 0.928 | 9% 88%
220KV line dnipitiyamUo-b . rannipttiya VEeS |
One circuit outage of | Bivagama - 0.947 | Biyvagama - 0.950
Vevangoda — Arangala Arangala  0.928 Arangala - 0.935 22% 29%
Kirindiwela 220k V line Pannipitiva -0.924  Pannipitiya-0.93 1
One circuit outase of Vevangoda ~0.946 = Veyangoda-0.950 i

SIre aue L . T Al
Newt labarand. Bivagama - 0.943 . Bivagama - 0.943 140, 440,
’ e Arangala - 0.927  Arangala — 0.929 e h

Veyangoda 220kV line

© Pannipitiya —=0.922

Pannipitiya 0.925

Table 2.5 Contingency Results for Transmission Networks with and without Kirindiwela SS -
Night Peak

Voltage viclations (pu)

Loading on the remaining

circuit
Contingeney . Without With
o Without With A o
A o PR Kirindiwela Kirindiwela
Kirindiwela SS Kirindiwela SS o
SS SS
One circuit outage ot
Bivagama/Kirindiwela - Pannipitiva—- 0.947 - Pannipitiva -.948 4% 42%
Kotmale 220k V tine
One circuit outage of <
f = . Arangala - 0.949 Arangala  0.95 o o
Bivagama - Arangala l"xrlll?ﬁili\a 916 I"xlm? itiva 948 [11% 98%
20KV line e e
One circuit outage of _
: N Arangala - 0.949 Arangala - .95 \ o .
Veyangoda - Arangala PHHFDM\ 946 Pannipitiva- 947 23 23
A . a 2 .946 ¢ a- .
Kirindiwela 220kV line e P
One circuit outage of
NewHabarana Pannipitiva - .949 & Pannipitiva 950 59% 59%

- Vevangoda 220KV line

Table 2.6 Contingencey Results for Transmission Networks with and without Kirindiwela SS -Day
Peak

According to the above critical line contingency cases. there is small system voltage

improvement with the insertion of Kirindiwela SS.

'



2.43 Trincomalee Coal Power Plant Grid Connection - Without New
Habarana Switching Station
Svstem studies were conducted for Night Peak and Day Peak load scenarios

&

considering normal and single contingency operating conditions.

&

Normal operating conditions

Fransmission losses according to the Load tflow studies can be summartzed in Table

2.7

()ptl(m Transmission Losses (MW)
:\"ight Peak Day Peak
~With New Habarana SS 1047 366

114.0 | 3710

“Without New Habarana SS

Table 2.7 Transmission Losses with and without New Habarana Switching Substation

According to the Table 2.7 transmission losses are high in the case of 220kV
[ransmission Network without New Habarana SS.

No over loading ot Transmission Lines or Transformers were obscrved for two cascs
during load flow analysis. Transmission Network without New Habarana SS has

tollowing voltage violations ( Table 2.8).

Voltage violations (p.u.)

Equipment
Night Peak = Day Peak
Pannipitiya 220kV. 0935 No
Arangala 220kV 094 viglations
l"’,l@?‘ﬁ?%.‘)\a 132kV 0.943 were
Vavnia 132kV 0.94
Chunnakum 132kV 0.946 Observed

Table 2.8 Voltage violations without New Habarana SS

Single contingency operating conditions

Eollowing power flow results (Table 2.9) were obtained for the single contingency

aperating conditions.



Operating
Condition Single Contingency

Result

One cireuit  outage of Habarana- ¢ The remaming Habarana-Anuradhapura
Anuradhapura 132kV Transmission Line | 132KV Transmission Linc loads to 121.8%

Night Peak

. N U
One circuit outage of  Anuradhapura- . The remaining Anuradhapura-New
New Anuradhapura 132kV Transmission | Anuradhapura 132kV Transmission Line

- Line loads to 125.7%

; . . :

One circuit outage of  Kappalthurai- | The remaining Kappalthurai-Trinco 132KV

Dayv Peak . - O . . . .
o Irinco 132kV Transmission Line ! Transmission Line loads to 101%

Table 2.9 Contingency Results for Transmission Networks without New Habarana SS
There were no voltage criteria violation observed under single contingency operating
o

conditions during Night Peak and Day Pcak. (Annex [3 summarize the planning

criteria)

2.5 Economic Analysis of Alternative 220kV Transmission

Network Configurations for year 2016

2.5.1 Trincomalee Coal Power Plant Grid Connection — Without Kirindiwela
Switching Station

Table 2,10 illustrates the base cost estimation ot the transmission network

configuration without Kirindiwela switching Station.

Estimated
Description Base Cost
(Million LKR)

Construction of Trinco Power Station Switchyard 1015.0
\agmentation of Trinco Grid Substation 493
Construction of New Habarana 220- 132 KV Switching Station 1500.9
Adgmentation of Veyvangoda Grid Substation 205.5
Construction of Arangala 220/ 132kV Switching Station 1385.8
Construction of Trincomalce PS -Trincomalee GS 132k V transmission line(28km) 791.2
Construction of Trinco PS - New Habarana SS 220KV transmission [ine{95km) 5944.0
Construction of New Habarana SS -Vevangoda GS 220kV transmission line
{43km) 90723
Construetion of double in-out connection from Bivagama-Pannipitiya 220k Tr,
Line to conneet Arangala SS (0.5km) (9.3
Construction of Arangala SS -Kolonnawa GS 132kV transmission line(10.4km) 2039
Construction of Arangala SS -Athurugiriyva GS 132KV transmission line(3.6km) 101.7
Construction of Vevangoda GS -Arangala SS 220KV transmission line(47.5km) 26720
[Tmal Estimated Base Cost 23.349.1

[able 2.10 Base Cost Estimation of Transmission Network Configuration-without Kirindiwela SS
in year 2016



[ i~ option has the base cost estimation of 23.349.1 Million LKR.
[he project exccution period 1s considered as vear 2014 to 2016, Investment is

vrouped 1o be disbursed at 20%. 70%. 10% spread over three vears.

Description Total 2014 2015 2016

fHM Cost F.C. 17618 33524 12333 1762

L.C. 5731 1146 4012 573

Price Escalation RS 3246 28 2307 381

L.C. 5002 830 3561 611

F.C. 20865 4082 14640 2143

Sub Total 1 LC. 10732 1976 7572 1184

Pnysieal Contingencies [10% e 2086 081 Lol Sk

) - L.C. 1073 198 757 118

‘ F.C. 22951 4490 16104 2358

Sub Total 2 L.C. 11806 2173 $329 1303

IAdministrative Cost L.C. 803 157 564 83

;',/“m/ Before Lovies FC 22951 449() 16104 2358

! ' LC 12609 2330 5893 1385

evies 1.C. 826 162 380 853

i F.C. 229511 1490 16104 2358

IGrand Total L.C. 13435.1 2492 9473 1470
i [MLKR  36,386.2

Table 2,11 Total Cost Estimation of Transmission Network Configuration-without Kirindiwela
SS in vear 2016 in year 20106

\ceording to the Table 2.11. total project cost estimation for Transmission Network

Contigwration-without Kirindiwela SS in year 2016 1s 36.386.2 Million LKR

2.5.2 Trincomalee Coal Power Plant Grid Connection — Without New
Habarana Switching Station
Pahie 2,12 ddlustrates the base cost estimation of the transmission network

contiguration without New Habarana switching Station.
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Description

Estimated
Base Cost
(Million LKR)

Construction of Trinco Power Station Switchyvard 1069.9
Auvgmentation of Trinco Grid Substation 49.5
Augmentation of New Anuradhapura 220/132/33 KV GS 3379
Augmentation of Veyangoda Grid Substation 2035
Construction of Arangala 220/132kV Switching Station [383.8
Construction of Kirindinwela 2207132k V \\mdv'w Station 46354
Construction of Trincomalee PS STrincomalee GS 132KV transmission line(28km ) 7‘){ 2
Construction of Trinco PS - Vevangoda GS 220xV transmission line (240km) [5016.3
Construction of New Anuradhapura- Trincomice GS 220KV transmission
dnel103km) 29191
Upgrade of Habarana- \uu;udhz"w ra 132kV Transmission Line 33.0
Construction of double in-out connection from Bivegama-Pannipitiva 220k V
ine to connect Arangala SS (0.58km) 16.3
Construction of Arangala SS -Kolonpawa GS 132kV transmission line(10.4km) 2939
Construction of Arangala SS -Athurugiriva GS 132KV transmission line(3.6km) 101.7
Construction of Vevangoda GS -Kirindiwela-Arangaia S8 220k V transmission
o(47.5km) 2972.0
ﬁoml Estimated Base Cost 25,678.6

Table 2.12 Base Cost Estimation of Transmission Network Configuration-without New Habarana

SS in vear 2016

[ nis option has the base cost estimation of 25.678.6 Mitlion LKR.

e project execution period is considered as vear 20014 to 20106

crouped to be disbursed at 20%. 70%. 10% spread over three vears.

Description Total 2014 2015 2016
0 . r.C. 19103 3821 13372 1910
Fase Cost — — =
. i..C. 6376 1315 4603 638
vieo Fscalation F.C. 3520 603 2501 414
e L.C. 5739 952 4083 702
. F.C. 22623 4426 15873 2324
Sub Total 1 —
‘ L.C. 12314 2267 8688 1359
F.C. 2262 443 [587 232
Privsical Contingencies 10 -
L.C. 1231 227 869 {36
ub Total 2 F.C. 24?583 4868 l7-_£(_)l 235(_)
L.C. 13546 2494 9357 1495
PAdministrative Cost L.C. 871 170 611 86
Fotedd Betore Tevies F.C 24885 4868 1746 2330
e ycjore fLevie
: ' o LC 14417 2664 10168 1584
Levies L.C. 896 175 629 G2
F.C. 24885.2 4868 17461 2356
"Grand Total L.C. 153312.7 2839 10797 1676
MLKR 40,197.8

[able 2.13 Total Cost Estimation of Transmission Network Configuration-without New

Habarana SS in year 2016

D
o
(O
Faw
o
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According to the Table 3 total project cost estimation for Transmission Network

Configuration-without New Habarana SS in year 2016 1s 0.197.8 Million LKR

2.6 Evaluation of the Results of Alternative Transmission Network

Configurations for year 2016
2.6.1 Transmission Network with the new Loads of Northern Province.
The total addition of load to the system according to the present Northern plan is
20.3M W, According to the Load forecast [1]. the 2016 power system Night peak is
3726.3MW. Therefore the new northern loads are only 0.55% of estimated night peak
in vear 2016. Steady state analysis of Transmission Network configuration with the
[ oads of Liberated Arcas of Northern Province reveals that no modifications o the
proposed network are necessary due to addition of new Northern loads. :
2.6.2 Trincomalee Coal Power Plant Grid Connection — Without Kirindiwela
Switching Station
According to the Load Flow studies and contingency analysis. therc were no
signiticant differences between 220KV Transmission Network configurations with and
without Kirindiwela SS. Transmission losscs were almost same for two cases.
Mransmission network configuration with and without Kirindiwela SS has estimated
ol cost of 37.055.4 Million LKR and 36.386.2 Million LKR respectively. Therefore
4 total amount of 669.2 Million LKR (1.8 %) saves due o implementation of
transmission network  configuration without Kirindiwela SS. But Transient state
1 adies should be conducted before a final conclusion.
> 6.3 Trincomalee Coal Power Plant Grid Connection — Without New
Habarana Switching Station
\ceording to the Load Flow studies and contingency analysis. there were more
Ciolations in the 220kV  Transmission Network without New Habarana SS than
contiguration with New llabarana SS. Transmission [osses were also high n the case
of 220kV  Transmission Network without New Habarana SS. Lconomic analysis
covenls that the additional cost of 3.142.4 Million LKR (8.3 %) should be invested for
e Transmission Network configuration without New Habarana SS. Therefore this
option does not show any advantage over the original proposed conliguration.
Removal of New Habarana SS from the Transmission network configuration is not

o

cecommended due w above results.
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2.7 Transient Stability Analysis of Trincomalee Coal Power Plant

Grid Connection — Without Kirindiwela Switching Station
[ransient stability of the 220kV transmission network with and without Kirindiwela
Switching Station in year 2016 under night peak and day peak load operating
conditions were investigated. Successtul and unsuccesstul clearing of three phase
faults in critical lines and outage of generators as depicted in the Table 2.14 were
studied and stability of the system was assessed.

[ripping sequences of Successtul Re-closing (SR) and unsuccessful Re-closing (USR)
of transmission circuits can be summarized as follows.
Successiul Re-closing (SR) of transmission circuits sequence is.
1=0 - Fault occurs
1=120ms : Fault cleared & cireuit tripped
T=620ms : Circuit re-closed
[ nsuceessful Re-closing (USR) of transmission cireuits sequencee is.
=0 : Fault occurs
[-120ms : Circuit tripped
[=620ms : Circuit re-closed with fault
[=740ms : Circuit tripped

Unless otherwise stated specitically. the circuit breaker operating time was considered

as 120ms and first re-closing time is considered as 500ms.

r Fault Results
) . e Switching Day Peak Night Peak
Faulty Element Type & |
) . chuence With Without With Without
Location Kirindiwela Kirtndinela Kirindiwela hirindinela
friccomaiee PS = New Aph fauit at SR SS SS SS SS
Choarana GS 220KV ixcdine o Trine PS }
. | USR SS SS SS NS
RO end
frinning olone 230MW Machine Not . . .
) C . . L o SS SS SS SS
att e frincomalee PS [ripping Applicable
Sph faultat SR SS SS SS SS
A ovaneocd Arangala . o
L ; Vava GS
aneedt . USR SS SS SS SS
end
fetapine of one TOOMW Machine Not o }
e e e ) SS SN NN SN
st ot Reravnalepitiva PS [ripping Appitcabie

SS- Svstem stable

SU- System unstable

Table 2.14 Transicnt Stability Analysis Results of Trincomalee Coal Power Plant Grid
Connection - With & Without Kirindiwela Switching Station

(B




According to the [Table 2.14 no system transient stability improvement has observed

with the inclusion of Kirindiwela SS.

2.8 Final 220kV Transmission Network Configuration for year

2016
Study was conducted tor vear 2016 system with 1600MW of coal power plant units
connected to Trincomalee site. considering two different system-loading conditions.
[hree alternative  configurations  were  considered  for analvsis. But only  the
configuration-without Kirindiwela option was selected atter the steady state analvsis
and cconomic analysis. Even though the configuration with Kirindiwela shows slight
improvement in system reliability and system loss savings no planning criteria
violations can be observed without Kirindiwela contiguration. As far as the transient
stability 1s concerned both systems behave similarly. following critical system
disturbances. Thus. the construction of Kirindiwela SS is not necessary for transmit
power from proposed Trincomalee Coal Power Plant. Figure 2.5 shows the final
transmission network configuration for year 2016 system for Trincomalee Power Plant

2rid connection.

N
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Figure 2.5 Final transmission network configuration for year 2016 system for Trincomalee Power
Plant grid connection.
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Chapter 3
Selection of Trincomalee Power Plant Grid Connection for

vear 2020

[ransmission network configurations capable of transmitting 2200MW of power
using 220KV and 400kV as the transmission voltage from Irincomalee Coal Power
Plant in vear 2020 were selected based on the “Master Plan Study on the Development
ol power Generation and Transmission System in Sri Lanka — January 20067, Results
from Chapter 2 were considerced here when selecting transmission configurations.

Since there is a possibility of increased power flow from Puttlam PS 10 New
Anuradhapura GS as a result of possible expansion beyond 900MW at Norochcholet
site and in view of the increased capacity of the Trincomalee Power Plants. it is not
feasible to construct a transmission line connection between Trincomalee Power Plant
and New Anuradhapura GS. it is also not feasible to convert Valachchenai GS to
D20kV or 400kV and transmit power from the Trincomale Power Plant to
Valachchenai GS. Therefore. Habarana GS was considered as the main network

connection point for the transmission of power from Trincomalee Power Plant.

3.1 Selected 220KV and 400kV Transmission Network

Configurations for year 2020
310 220KV Transmission Network Configuration
Collowing modifications were done on the 220kV network configuration proposed by
the “Master Plan Study on the Development of power Generation and Transmission
Svstem in Sri Lanka - January 20067 tor year 2020, Figure 3.1 is the 220kV
configuration proposed by the Master Plan Study.
Ficure 3.2 shows the proposed 220KV transmission network conliguration of

{rincomalee Coal Power Plant Grid Connection for year 2020,
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vecording to the Figure 3.1, there are only 600 MW of coal {ired power plant units at

qe I rincomalee Power Plant site.
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Figure 3.2 The proposc
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d 220KV transmission network configuration of Trincomalee Coal Power
Plant Grid Connection for year 2020

ower slation using

&
&

IOLV as the transmission voltage can be summarized as follows.

Construction of a 220kV Four circuit 4¥/Zcbra. 95km [ength transmission line from

[vincomalee power station to New Habarana swilching station.

Construction of Trincomalee PS switchyard (220 kV double bus bar arrangement

with bus coupler. 4x220 kV double bus bar transmission line bays. 2x 220kV

double bus bar transformer bays. 2x 150MVA 220/

double bus bar arrangement with bus coupler.

ranstormer bay)

ox132kV

132 kV transtormers. 132kV

double bus bar
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Construction of New Habarana SS ( 220kV double bus bar arrangement with bus
coupler. 3x 220kV double bus bar transformer bays. 10x 220kV double bus bar
ransmission line bavs. 3x 250 MVA 220/132 kV transtormers. 132kv double bus
har arrangement with bus coupler 3x 132kV double bus bar transformer bays )
Construction of New Habarana-Vevangoda 220kV two circuit 4#Zc¢bra. 145km
length transmission line.

Development of Vevangoda GS ( 4x 220kV double bus bar (ransmission line bays)
¢ onstruction of Ambulgama GS(220kV double bus bar arrangement with a bus
coupler. 3x250MVA 220/132 KV transformers. 3x220kV  double bus  bar
transformer bays. 4x220kV double bus bar transmission line bays.132kV single
bus bar arrangement with bus section bay. 2x132kV transmission linc bays.
132KV transformer bays.)

Construction of Arangalla GS (220kV double bus bar arrangement with a bus
coupler. 3x250MVA transformers. 3x220kV double bus bar transtormer bays. 6x
II0kV double bus bar transmission line bays. 132kV Single bus bar arrangement
with bus section. 4x132kV single bus bar transmission line bays. 3x 132kV
transformer bays.)

Construction of Vevangoda GS-Ambulgama GS 220kV two circuit 4% 7ebra.
37km length transmission line.

Construction of Ambulgama GS-Arangala GS 220kV two circuit 4*Zebra. 1 lkm
lenoth transmission line.

¢ onstruction of Ambulgama GS-Athurugiriya GS 132KV two circuit Zebra. 7.8km
fength transmission line.

Construction of Arangala GS-Athurugiriva GS 132kV two cireuit Zebra. 3.0km
iength transmission line.

Construction of Arangala GS-Kolonnawa GS 132kV two circuit Zebra. [0.4km

[ength transmission line

1.2 400kV Transmission Network Configuration

\~ far as the Irincomalee power station is concerned at feast 2600 MVA of power has

1 he transmitted Lo the load center when all 230 MW and 300 MW gencrator units are

L operation. Hence at least one 400kV 4x/cbra three-circuit transmission line 1s

cquired 1o transmit the power generated in Trincomalee power station (o satisty
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eeurity criteria (Annex  13). Under such circumstances one possible network
configuration using 4xZebra 400kV transmission line is 1o connect the same to
Vevangoda grid substation. The other possibility is 1o construct a switching station at
New Habarana and connect the 4xZcbra 400kV transmission line from Trincomalee
power station to New lHabarana. However. load tlow and contingency studies were
ascertained that only one 400KV 2x7cbra double circuit ransmission line is sutticient

| New Habarana switching station to Vevangoda GS for the transmission of power
rom Irincomalee power station and the transmission system is more stable¢ to a short
creuit faults in 4xZebra 400KV double circuit transmission line. if there is a switching
“ation at New Habarana. Figure 3.2 illustrate the Relative Rotor angle variation
setween one ol the Trincomalee machines and one Victoria machine without New
Habarana SS. if there is a three-phase short circuit fault in one circuit of the 40 JOkV

dree-cireuit dxZebra transmission line between Trincomalee PS and Veyangoda GS.
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TI{ME (SECANDSH

Figure 3.3 Relative Rotor Angle variation, following a three-phase short circuit fault in one
cireuit of the 400KV three-circuit 4xZebra transmission line between Trincomalee PS and
Vevangoda GS

Chus, the 400KV transmission network configuration comprising of a switching

Jation al New Habarana. 4xZcbra 200kV three cireuit transimission line between
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I rincomalee power station and New Habarana switching station and a 400kV 2x7Zebra
Jouble circuit transmission line between New Habarana switching station and
\ cvangoda grid substation are selected for further studies. Figure 3.3 shows the
proposed 400kV  transmission network configuration of Irincomalee Coal Power

Plant Grid Connection for vear 2020.
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Figure 3.4 The proposed 460kV transmission network configuration of Trincomalee Coal Power
Plant Grid Connection for vear 2020

[he total scope of work for the power transmission from Trincomalee power station. 1t

the transmission voltage of 400KV is sclected can be summarized as follows,

e Construction of a 400kV three circuit 4%/cbra. 93km length wansmission line
from Trincomalee power station to New [Habarana switching station.

e Construction of Trincomalece PS switchvard (400 kV double bus bar arrangement
with bus coupler. 3x400 kV double bus bar transmission line bays. 2x <00kV
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double bus bar transformer bays. 2x 150MVA 400/132 kV transformers. 132kV
double bus bar arrangement with bus coupler. 2x 132kV double bus bar
transtformer bay)

Construction of New Habarana SS ( 400kV double bus bar arrangement with bus
coupler. 2x 230 MVA 400/220 kV transformers. 5x400kV double bus bar
transformer bays. 2x 220kV  double bus bar transformer bays. 3x 230 MVA
400/132kV transformers. 3x 132kV  double bus bar transformer bays. 3x 400kV
double bus bar Transmission Line bays. 4x 220kV double bus bar Transmission
Line bavs. 220kV double bus bar arrangement with bus coupler. 132kV double
bus bar arrangement with bus coupler)

Construction of New Habarana-Veyvangoda 400kV two circuit 2%7cbra. 145km
length transmission line.

Development of Vevangoda GS (400kV double bus bar arrangement with bus
coupler. 3x250 MVA 400/220 kV transformers. 3x400kV double bus bar
wransformer bavs. 3x 220kV double bus bar transformer bays. 2x 400kV double
bus bar transmission line bays)

Construction of Ambulgama GS(220kV double bus bar arrangement with a bus
coupler. 3x250MVA  220/132 kV transformers. 3x220kV  double bus bar
ransformer bays. 4x220kV double bus bar transmission line bays.132kV single
bus bar arrangement with bus section bay. 2x132kV transmission line bays.
3x132kV transformer bays.)

Construction of Arangalla GS (220kV double bus bar arrangement with a bus
coupler. 3x250MVA transformers. 3x220kV double bus bar transtormer bays. 0x
220kV double bus bar transmission line bays. 132kV Single bus bar arrangement
with bus section. 4x132kV single bus bar transmission line bays. 3x 132kV
transtormer bays.)

Construction of Arangala GS-Athurugiriva GS 132kV two circuit Zebra. 3.6km
length transmission linc.

Construction of” Arangala GS-Kolonnawa GS 132kV two circuit Zebra. 10.4km
length transmission line.

Construction of Vevangoda GS-Ambulgama GS 220kV two cireuit 4% Zebra.

37km length transmission line.



e Construction of Ambulgama GS-Arangala GS 220kV two circuit 4*/Zebra. 11km
fength transmission line.
e Construction of Ambulgama GS-Athurugiriva GS 132kV two circuit Zcbra. 7.8km

length transmission line

3.2 Steady State Analysis of the Selected Transmission Network

Configurations for year 2020
[he load flow and single contingency analysis were conducted during steady state
analysis of selected transmission networks.
I'he main objective of the load tlow study is to determine the steady state performance
of the power svstem. The potential problems such as unacceptable voltage conditions
and overloading of transmission network elements were tdentitied from load flow
studies.
['he adopted contingency level for the planning purpose is N-1. i.e. after outage of any
one element of the transmission system at a time. the system should be able to meet

the distribution demand while maintaining the acceptable bus bar voltage levels and

&

toading of all the elements should not exceed their emergency rating specified.
e voltage criterion defines the permitted voltage deviation at any live bus bar of the

network under normal and single contingency operating conditions as given in table

R

P . e tats ¢
Busbar Voltage Allowable Vqltage Variation (%)

- . Normal Operating Condition Single Contingency Condition

00KV o
220KV 5% , -10% to 5%

RERIN , =10% o < [0%

Table 3.1 Allowable voltage variations

3.2.1 Steady State Analysis of 220kV Transmission Network Configuration

(he load flow (Annex A-1) and single contingency analysis were ilustrated that
tolfowing additional transmission reinforcements are necessary tor 220kV network to
overcome voltage and thermal criteria violations.

e Reconstruction of 82.3km Ukuwela-Habarana 132kV double circuit transmission

line using Zebra Conductor.

[P



e Installation of 15Mvar. voltage controlled breaker switched capacitors at
Kurunnagala 33kV bus.

e Reconstruction of 1.5km New Anuradhapura-Anuradhapura 132kV double circuit
Lvax line using Zebra conductor.

With the above reinforcements the voltage levels and loading conditions were

observed after outage of critical 220kV lines. The results are listed in the Table 3.2.

[ T i

i | ' Loading on the

| Voltage on Bus Bars (p.u.) Jtns on the
. S remaining circuit
Single Contingency .

Day Night Day Night
Bus Bar | Peak Peak | Peak Peak
(e circuit  outage  of  Arangala-  Arangala L0974 0.961 3% ‘ 96,
Pannipitiva 220kV Transmission Line Pannipitiva 0.967 (.934
One  circuit  outage  of  Kotugoda- - Bivagama 1 0982, 0.970 |
Bivagama 220kV Transmission Line ! Aranga.lz} 0.978 0'9(32 H% | 1o%

S - i . Pannipitiva | 0.975 0.939 i |
One circuit outage of Bivagama-Arangala | Arangala 06.977 0.938 ‘ 470% 289,
220KV Transmission Line | Pannipitiya  0.974 0.955
One  circuit  outage  of  Veyangoda- ' Biyagama 0.981 0'9(.)6
Ambulgama 220KV Transmission Line Aranga‘lz} 0.976 . 0.958 13% 23%

B = - . Pannipitiva : 0.973 0954 ‘ i

Veyangoda  0.983 0.967 ‘

One circuit outage of New Habarana-  Biyvagama L 0.977 0.966 20% 250,
Vevangoda 220kV Transmission Line : Arangala - 0.973 0.958 L -
Pannipitiva = 0970 | 0.955 )
One  circuit  outage of  Arangala- = Arangala 0.971 0.961 280, (40,
Ambuigama 220kV Tl'zmsmissioniLine  Pannipitiva  0.968 0.958 - | B \J

Table 3.2 Voltage Levels and Loading Conditions after outage of critical 220kV Transmission
Lines of selected 220kV Configuration

According to the results listed in Table 3.2. no planning criteria violations can be
abserved after outage of critical 220kV transmission lines. All the bus bar voltages

nd foading conditions arc obeving planning criteria.

Transmission System Losses

[ransmission system losses under Night peak and Day peak load scenarios arve
mention below.,

Night Peak Load Scenario: 130.3 MW (2.55 % of Total Generation)

Day Peak Load Scenarior 357 MW (1.56% of Total Generation)

3.2.2  Steady State Analysis of 400kV Transmission Network Configuration
[he Joad flow (Annex A-2) and single contingency analysis were revealed that the

totfowing additional transmission reinforeements were necessary for 400kV network

o satisiy voltage and thermal eriteria.




o Reconstruction of 82.3km Ukuwela-Habarana 132kV double circuit transmission

ltne using Zebra Conductor.

¢ Install another T0Mvar. voltage controtled breaker switched capacitors at Pallekele

33kV bus.

o Reconstruction of 1.5km New Anuradhapura-Anuradhapura 132kV double circuit

Lynx line using Zebra conductor.

With the above reinforcements. the voltage levels and loading conditions were

obscerved after outage of critical 220kV and 400k Vlines. The results are listed in the

lable 3.3.

Single Contingency

Voltage on Bus Bars (p.u.)

Loading on the

remaining circuit (%)

Day Night Night
Bus Bar Peak peai DavPak ol
I One circuit outage of Arangala- , Arangala - 0.98] - 0.967 210, L0539,
Pannipitiay 220kV Transmission Line | Pannipitiya © 0.977 10.960 ; )
Orne circuit outage of Kotugoda- | Biyagama 1 0.989 0.974 <
Bivagama 220kV Transmi:%i(m Line 3 Aranga.lq | 0'968 0.966 7% 1%
oS o B ~ Pannipitiva . 0.986 0.963 B -
. One circuit outage of Bivagama-Arangala Arangala . 0.988 0.963 170, g2,
~ 220KV Transmission Line | Pannipitiva 0.986 0.960 1011 -
i - ——
| One circuit outage of Vesangoda- VIR EaHITL(ELB 0.972
| \mbulgama 220KV Transmission Line ! Aranga.lq 0.986 V.96 %o F 3%
: = o o ) . Pannipitiya | 0.984 1 0.959
; ! Vevaneoda | 0.99 - 0.973
One circuit outage of New HHabarana- ! Biyagama . 0.984 L 0.971 1 340, 390,
Vevangoda 400kV Transmission Line . Arangala 0.985 (0.962 - o
L | Pannipitiya ' 0.98]1 0.959 )
‘ cine circuit outage of Arangala- - Arangala 0.986 0.965 L09% 110,
\nthulgama 220KV Iransmission Line - Pannipitiva  0.985 0.901
L One circuit outage of 4% Zebra cet of ' V.c_\'angoda (,)'()%" 0'97f
[rinco-New FHabarana 400KV Blyagama 0'%(3 0.973 [4% 3%
¢ fransmission Line ‘ /\mnga.lq 0.983 0.964
| Pannipitiva = 0.983 0.961

Table 3.3 Voltage Levels and Loading Conditions after outage of critical 220kV & 400KV

Transmission Lines of selected 400KV Configuration

No violation of bushar voltages or loadin

&

o cond

itions can be observed after outave of

o

critical 220kV and 400KV transmission lines with respect to planning criteria specified

by the Long Term [ransmission Development Plan (Annex 13).
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Transmission System Losses

[ransmission svstem losses under Night peak and Day peak load scenarios arc
menton below.,

Night Peak [Load Scenario: 116.7 MW (2.29 % of Total Generation)

Dav Peak Load Scenario: 54.9 MW (1.54% of Total Generation)

3.3 Transient Stability Analysis of the Selected Transmission

Network Configurations for year 2020

[he transient stability studies were performed in order to make sure that the system
will remain stable following a severe disturbance.

[ransient stability of the 220kV and 400kV transmission network configuration in
vear 2020 under night peak and day peak load operating conditions were investigated.
Successtul and unsuccesstul clearing of three phase faults (3PF) in critical lines was
studied and stability of the system assessed. Both Successtul Re-closing (SR) and
unsuceessiul Re-closing (USR) of transmission circuits and tripping ol generators
were taken into account for the studics. Unless otherwise stated specifically. the
circuit breaker operating time is considered as 120ms and first re-closing time 1s

considered as 500ms.

3.3.1 Transient Stability Analysis of 220kV Transmission Network
Configuration
e transient stability results of the 220kV network configuration are depicted

[ able 3.4 and Annex A-3 to Annex A-7.

Fault Type & . Switchine Result in Operating Condition
Faulty Element . . e
Location Sequence Night Peak Day Peak
S a e 3¢ | o o e o -~
Ir”m)malu‘ : PS , NEW 3 b Trincomalee SR SS 55
Plabarara GS 220kV «x line S i e e
et | > ene USR SS SS
Tripping of one 300MW unit . ‘ Not o ‘ o
L Machine Ir . SS S8
at Trincomalee PS fachine Hp . Applicable 7 oS )
Vevangoda Ambulgama 3PF at Vevangoda | SR SS SS
220kt fine cet. | GS end USR SS SS
New  Habarana-Vevangoda  3PF at New Habarana | SR SS SS
220KV x. Line cet | SS end ‘ USR SS SS
ss- System stable N System unstable

Table 3.4 Transient Stability Analvsis Results of Selected 220KV Transmission Network
Configuration of vear 2020



[able 3.4 and Annex A-3 to Annex A-7 illustrate the stability results in Night Peak
and Day Peak loading scenarios. Stability results demonstrate that the 220kV

tansmission network configuration is stable.

3.3.2 Transient Stability Analysis of 400kV  Transmission Network
Configuration
[he transient stability results of the 400kV network configuration are depicted in

Fable 3.3 and Annex A-8 to Annex A-12.

Fault Type & ' Switching Result in Operating Condition
Faulty Element Location Scquence | Night Peak . Day Peak
frincomalee  PS New _ SR SS : S
7 3 PF at Trincomalee N U _
Habarana GS 400kV tx line
PS end | USR ‘ SS SS
cet. ‘
H'ilzrippmg of one 300MW unit - ) Not o
Not Applicable ) ‘ SS : SS
at Trincomalee PS ; - Applicable ;
Vevangoda Ambulgama " 3PF at Veyangoda SR SS ‘ SS
220Ky tx line cet. | ‘ GS end - USR | SS | ss ;
New Hubérana—\/e} angoda : 3PF at New llabarana SR SS SS
00KV (X Line cet | | SS end ‘ 5S& Di SS SS i
o SS- System stable SU- System unstable |

Table 3.5 Trausient Stability Analysis Results of Seleeted 400kV Transmission Network
Configuration of year 2020

[able 3.5 and Annex A-8 to Annex A-12 demonstrate the stability results in Night
Peak and Day Peak loading scenarios. These results reveal that the 400KV

transmission network configuration is stable.

3.4 Economic Analysis of the Selected Transmission Network

Configurations
Al the items in the section 3.1.1. 3.1.2. 3.2.1. 3.2.2 were taken into account for the
caleulation of costs of selected transmission network configuration. All costs arc in
Million KR (Sri Lankan Rupec). Unit costs were obtained from the 2008 cost

database prepared by the Transmission Planning Scction of CEB and References [4].

(O] and [TO].
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Base cost does not include
of two components named [oreign Cost (F.C.)
Component.

[ he

disbursement ot project costs are assumed as 20%. 70% and 10

and third years respectively.

Component and

To determine total project cost.

the cost associated with uncertainties and risks. It comprise

fLocal Cost (1..C))

project completion period is considered as three years and the proportion of
% for the first. second

Price Fscalations,

Physical Contingencies. Administrative cost and Levies will be added.

3.4.1

Base Cost Estimation of 220kV Transmission Network Configuration

Description

Estimated
Base Cost
(Million LKR)

220kV Transmission Connection

Construction ot Trincomalee Power Station Switchyard 1166.4
Construction of New Habarana 220/132 kV Switching Station 2042.6
Construction of Arangala 2207132 kV Grid Substation 19006.0
Construction of Ambulgama 220-132 kV Grid Substation 1730.3
Construction of Trincomalee PS - New Habarana SS 220kV Transmission Line

(O3km) 0787.3
Construction of’ New Habuarana SS - Vavangoda GS 220kV Transmission Line

(143km) 10339.9
Construction of’ Vevangoda GS - Ambuigama GS 220k V Transmission Line

{(37km) 2643.3
Construction of Ambulgama GS-Arengala GS 220KV Transmission Line (1 l\r“) 785.9
Construction of Ambuigama GS - Athurugiriva GS 132KV Transmission Li

(7.8km) 238.6
Construction of Arangala SS - Athurugitiva GS 132KV Transmission Line

(3.6xm) FHOL
Construction of Arungala GS-Kolonnawa GS 132V Transmission Line (10.4km) 318.2
Reconstruction of Ukuweta-Habarana 132KV Transmissior Line 25178
[nstatiation Breaker Switched Cuapacitors at Kurunagala GS 60.7
Reconstruction of New Anurachapura-Anuradhapura 132KV Tracsmission Line 459
Construction o Line Bays at Vevangoda GS 221.5
Total Estimated Base Cost 30,935.1

Table 3.6 Base Cost Estimation of Sclected 220kV Transmission Network Configuration of yvear

2020
\ccording to the Table

network configuration is 30.935.1 Million [LKR.

3.6 total base cost estimation of the 220kV transmission
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3.4.2  Base Cost Estimation of 400kV Transmission Network Configuration

Estimated
Description Base Cost
(MLKR)

400KV Transmission Connection

Construction of Trincomalec Power Station Switchy ard

|
Construction of New Habarana 400/220/132 KV Switching Station 3713
Construction of Arangala 2207132 KV Grid Substation 1900.
Construction of Ambulgama 2207132 KV Grid Substation !
Construction of rincomalee PS - New Habarana SS 400KV Transmission |ine

(95kn) 16290.0
Construction of New Habarane SS - Vevangoda GS 400KV Transmission 1ine

AERISHY 12311.3
Construction of” Vevangoda GS - Ambulgama GS 220xV Transmission Line

(37km) 20435
Construection o Ambuigama GS-Arangale GS 220kV Transmission Line(1 Tkm) 785.9

Construction of Ambulgama GS - Athuragiriya GS 132KV Transmission [Line

{7.8km) 238.6
Construction ol Arangala SS - Athurugivive GS 132kV Transmission Line(3.6km) 1101
Construction of Arangaia GS-Kolonnawa GS 132kV Transmission Line(10.4) 3182
Reconstruction of Ukuwela-Habarana 132KV Transmission Line 2517.8
Installation Breaker Switched Capacitors at Kurunagala GS 40.3
Reconstruction of New Anuradhapura-Anuradhapura 132xV Transmission Line 43.9
cugmentation of Veyangoda GS [935.5
Total Estimated Base Cost 46.101.2

Table 3.7 Base Cost Estimation of Selected 400kV Transmission Network Configuration of year
2020

\ceording to the Table 3.7 total base cost estimation of the 400kV transmission

network configuration is 46.101.2 Million LKR.




3.4.3 Disbursement Schedules and Total Cost Estimation of the Selected 220kV

Transmission Network Configurations

Deseription Total 2018 2019 2020

lotal Base Cost of the project 23309.6] 47019 164367 23910
i .C. 7425.50 1485.1) 51978 742.5

Price bscalation FL 6455.11 1159.8] 4568.2 727.1
LC 1083211 1876.0] 7683.6] 12725

FC 29964.7] 5861.7] 21024.9] 3078.0
L.C 18257.61 3361.1| 12881.4] 2015.0
FC 2996.5 586.21 21025 307.8
1.C 1825.8 336.1 12881 201.5
FC 32961.20 6447.9| 23127.4| 3385.9
LC 20083.31  3697.20 14169.6] 2216.5
[Administrative Cost I.C 988.8 (934 693.8 101.6
rSub Total 3 F.C. 32961.2]1 6447.9( 23127.4{ 3385.9

L.C. 21072.21 3890.7{ 14863.4] 2318.1
[Taxes and Dutics L.C. 1186.6 2321 832.6 121.9
F.C. 32961.2] 6447.9] 23127.41 3385.9

L.C. 22258.8] 4122.8! 15696.0f 2440.0
Total Cost MLKR 55,220

Sub Total 1

Physical contingencyv(10%)

Sub Total 2

Grand Total

Table 3.8 Total Cost Estimation of Selected 220kV Transmission Network Configuration of vear
2020

\ccording to the Table 3.8 Total project cost estimation for the 220kV transmission

network configuration 1s 533.220 Million LKR.




3.4.4 Disbursement Schedules and Total Cost Estimation of the Selected 400kV

Transmission Network Configurations

Description Total 2018 2019 2020
F.C. 35046.41 70093 2453250 3504.6
Total Base Cost of the project |L.C. 1105481 2211.0] 77385 1105.5
IC 9622.8 1729.01 6810.0] 10839
Price Escalation LC 1612641  2792.9] 11439.0f 18944
IC 44669.3] 873831 31342.5] 4588.5
Sub Total | LC 27181.21  5003.91 19177.4] 29999
FC 4466.9 873.8] 31342 458.9
Physical contingeneyv(10%) LC 27181 50041 19177 300.0
FC 49136.21  9612.11 34476.7\ 50474
Sub Total 2 LC 29899.3] 55045 21095.1f 32999
Administrative Cost LC 14741 2884 10343 151.4
F.C. 49136.21  9612.1} 34476.7] 5047.4
Sub Total 3 L.C. 31373.4]  5792.6{ 22129.4] 3451.3
Taxes and Duties L.C. 1768.9 346.0f 12412 181.7
F.C. 49136.21 961211 34476.7] 5047.4
Grand Total L.C. 33142.3]  6138.7| 23370.6] 3633.0
Total Cost MLKR 82,278

Table 3.9 Total Cost Estimation of Selected 400kV Transmission Network Configuration of vear
2020

According to the Table 3.9 Total project cost estimation for the 400kV transmission

network contiguration is 82,278 Million LKR.

3.4.5 Economic Evaluation of Transmission Network Configurations for year
2020

'he capital cost could be saved using 220kV as the transmission voltage for the
irincomalee Power Plant Grid Connection instead of 400kV as the transmission
voltage. But the transmission losses were low in the case of 400kV configuration than
220KV configuration. (Transmission Network with 220kV Configuration and 400kV
contiguration has the peak power losses of 130.5 MW and [116. 7MW respectively.)
Fow fosses reduce both the peak demand and energy loss level of the network.
Therefore it was necessary to  investigate the economic viability ot 400kV
configuration with compare to 220kV configuration. In order to determine whether
additional capital expenditure to reduce system losses can be justified. the usual
requirement is for the investigation to cover at least the cconomic lite ot the proposed
reinforcements. For the Transmission Network reinforcements. cconomic [life 1s
assumed to be 40 years,
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Estimation of Net Cost Saving

[oss saving of the project comprises of two components. namely Encrgy cost saving
and Capacity Cost Saving.

Following parameters were used in this evaluation.

Peak Power Loss Saving due to 400kV Configuration -~ 13.8 MW

Peak Power loss saving due to implementation of 400kV configuration was assumed

to be constant through out the economic life of the configuration.

[.ifetime of Transmission Network Development 40 vears

[nterest rate - 8% per annum
Discount rate - 8% per annum
bnergy Cost per kWh (Rs.) - 8.36 113]
Capacity Cost per kW (Rs.) - 17.567 | 13]

load factor values were taken from “National Power and Energy Forecast for year
2008-2027 |1]. For years outside of this period, Load Factors were assumed to be
cqual to the yvear 2027 value.

Salvage value of Transmission network development at the end of their lifetime was
taken as negligible

[able 3.10 illustrates the calculation of Net Cost Saving due to implement the 400kV
configuration instead ot 220kV configuration.

Energy Cost Saving

Annual Energy Cost Saving (AECS) = ALS*Energy Cost Per kWh

Where.

ALS is the Annual Loss Saving.

\nnual [oss Saving (ALS) = Pcak Loss Saving*LLLF*24%365
Where
[oss Load Factor (LLEF) =K*LEF+ (1-Ky*LE"2

K= 0.2 (K™ was taken as 0.2 for a Load Curve having a single predominant peak. To
having a predominant peak. night time or day time peak should be more than
1.3 to 2 times the other. [4])

load Pactor - Total Consumption of a vear

(Peak oad of the system*24%365)
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Calculated Energy loss saving during the life time of the configuration was discounted
back to present value (PV).
PV = Ry (14D
Where
t - The year of the cash flow
i - The discount rate
R, - The Energy Cost Saving during year t
Net Present Value (NPV) of Savings was calculated by summing PV ol all loss

savings during life time.

Cuapacity Cost Saving
Annual Capacity Cost Saving (ACCS) = Peak Loss Saving * Capacity Cost per kKW
Net Cost Saving

Annual Cost of Saving (ACS) = AECS+ACCS
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Poak o ‘ ' Present| Net
Year | Loss !nad LLE ALS | AECS | ACCS ACS E\PV Co-,st Present
Saving Factor (MWh) | (MRs.) [ {MRs.) | (MRs.) | Factor| Saving | Value

= (MRs) [{MRs.)

2020 138 0387 03931 473187 3972 2424 6397 046 2963 38794
2021 13.8F 0388 0394 476333 3084 242 4 6408 043 2748
2022 13.8 0300 0396 479297 4007 242 4 6431 040 RERIE
2023 1380 0390 0398 48068.1 401.8 2424 644 3 (37 2369
2024 P38 03920 D399 482007 403 0] 242 4 0434 0.34 2197
2025 380 0394 04010 484844 053 242 4 647 8 .32 204 2
2026 138 0395 04021 486236 406.3 2424 648 O 029 189 4
2027 38 0397 0405 489025 408.8 242 4 6312 027 {76.0
2028 13.81 035970 040357 48902.3 4088 2324 6312 023 630
2020 138 0397 0403 48902.5 108.8 2424 6512 0.23 15309
2036 [3.8] 6397 G403 489023 4088 2424 6312 0.21 139.7
2031 1380 0.397) 0405 489023 408.8 242 4 6512 0.20 1294
2032 13.8] 03970 04030 489023 408.8 242 4 0512 018 1198
2033 3.8 397 0405] 48902.5 408 8 2424 6312 0.7 I
2034 13.8) 0597 0403 48902.5 4088 2424 6312 0.16 1027
2033 1380 0597 0403 489023 J08.8 2424 6312 0.13 93.1
2036 1381 0597 04030 489023 408.8 2424 6312 U4 881
2037 {3.8) O.3070 0505 489025 408 8 2424 0312 013 815
2038 [3.8] 0397 0405 48902.3 408.8 2424 6312 012 733
2039 P38 0597 0405 48902.3 308.8 24704 6312 O 69.9
2040 1381 63970 0.40s] 189023 408.8 RER 6512 010 047
RASE S P38 03070 G400 48902 % 40%.%\ s s [Sha g 8] k\‘)\r 39 O
2042 (3.8 0397 0405 589025 408.8 242 6312 .09 355
2043 381 0597 04030 489023 +08.8 242 4 6512 0.08 St4
2044 PAR) 0897 05050 489023 4088 2424 0512 0.07 47.6)
2043 138 03970 G403 489023 408.8 2404 6312 0.07 44,0
2046 13.8] 053970 0405 489023 4088 2424 6512 .06 108
2047 (3.8 0397 0403 489023 408 8 242 4 6312 0.006 37.8
2048 P38 0397 0405 489023 4088 242 4 6512 003 33.0)
24049 P38 9397 0403 589028 4088 242 4 6312 0.05 324
2050 138 08597 0405 489023 4088 2424 6312 Uos 00
2057 PI8) 03070 G405 489023 4088 242 4 6312 .03 278
2052 138 0397 0403] 48902.3 4088 2424 6312 004 257
2033 P38 03970 65050 489023 4088 2424 6312 004 238
2054 138 03970 0405 489025 4088 2424 6312 503 220
2053 1381 03970 84035 489023 408.8 242 4 6302 0.03 2004
2036 (380 03970 0405 38902.5 4088 242 4 6552 003 189
2057 13kl 0397 od0s) sRun23 1088 2424 6512 0.03 175
2038 (38 53970 0403 489023 4088 2404 002 162
2659 380 0397 ndos] 489023 088 2424 662 Nk
2069 3R] 0307 0.453] 489523 4088 2424 63102 0.02 139

Table 3.10 Calculation of Present Value of Loss Saving




Estimation of Total Expenditure

Total capital investment required (Without Tax) for implement 220kV configuration
during vear 2018, 2019 and 2020 will be 10338.6MRs. 37990.8MRs and 5704.0MRs
respectively, For 400kV transmission network configuration capital investment
(Without Tax) necessary for year 2018, 2019 and 2020 will be 15404.7MRs.
56600, MRs and 8498.6MRs respectively. Therefore extra capital investment
required tor 400kV configuration will be 5066.1MRs. 18615.3MRs and 2794 7MRs
for vear 2018. 2019 and 2020.

Following parameters were used in this calculation.

Annual operation and maintenance cost was assumed to be 2% of the total invesument

Cost.
Interest rate - 8% per annum
Discount rate - 8% per annum

The pavments for the loan were considered. based on constant payments and constant
interest rate.
Table 3.11 illustrates the calculation of present value of expenditures due to

implement the 400kV configuration instead ot 220kV conliguration.



. . /\nn.ual Fotal Discounted = NPV Cost
Capital Annuity Annual | Operation & o e .
) . Annual values a6 of
Year Investments | Pavment - Investments an?cnancc Expenditure 89 p.a. Expenditure
(MRs) (MRs) (MRs) Cost (MRs) (VRS) (MRS}
{MRs) ‘
2008 3066.2 196 6 486,60 - 204193
L2009 180153 0 18584 23551 o [ b
2026 2794 7 2846 26397 3295 ) )
202 - ‘ - 26397 RREN i B
2022 . ; - 26397 5295
RS - I 26397 3293 31692 B
W - - heT 529.5 Slev2 e
2403 - - 20397 3293 21692 A
2020 - - 26397 5205 3169 2 AN
2127 - - 20397 5293 11692 836.3 )
2028 - : - 2039.7 3295 31692 793 ¢
529 - - 26397 5295 31692 A
2030 - - 26397 5293 1692 0804 o
2031 - - 26397 3295 3169.) 6296 0 i
2032 - - 2639.7 5203 3169.2 5829 ‘
L2033 - - 26397 3293 31692 3398 o
2034 - - 20397 5295 31692 199 8
. . - _—
2035 - - 26397 5293 3169 2 {62
2030 - - 2639.7 3293 3169.2 4285 ¢ )
2037 - s 20397 529.3 31692 396.7 i
2038 - . - 26397 5205 310922 3074 o
239 - 26397 3295 31692 340 o
2040 - - 20201 5295 31692 H&L
i - 20397 529.3 31692 2916 .
2042 - - 26397 5203 Jev2 L2700 ) )
2043 X - - 20397 . 3293 31692 2500 0
2044 - - 206397 5205 0 3ev2 2313 o
2043 - - 26397 205 31692 2143 -
2046 - - 26397 329.5 3169.2 198 3 o
2047 - - 2639 7 5293 31692
2048 - . - 20397 3203 3692
2049 - [ 2639.7 5295 w2
Wi o - 26397 3293 C3ew2
2051 - - 26397 3203 62
s - - 20397 5293 3oy
C 08 - 20397 329 % 316y 2 158 i
2554 - B - 120397 3293 31092 w72 )
2038 - - 26397 529.3 392 99y
2056 - - 26397 329 5 192 91.9 o
2057 - - 2639.7 3293 35092 R
2058 - - 2639.7 | 5295 BRI 788
2089 - - 20397 ¢ 8295 92 73.0 -
ey - - 26397 3203 20 676 o
Table 3. L1 Caleulation of Present Value of Expenditures
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Benefit/Cost Ratio

A benefit/cost ratio is an indicator. used in the formal discipline of cost-benefit

analysis. which attempts to summarize the overall value for money of a project.

Benefit/Cost Ratio = (NPV of Savings) / (NPV of Expenditures)
= (3879.4/20419.5)
=0.189
The Benefit/Cost Ratio < 1. Therefore it is not cconomically viable to construct

400k V configuration with compare to 220kV configuration.

Sensitivity Analvsis

Sensitivity analysis is one of the techniques used to Investigate the robustness of a
study when the study includes some form of uncertainties. Since the future cannot be
accurately predicted there is a high probability that some of the assumptions may
prove incorrect. Sensitivity analysis shows how the variation in the results can be
apportioned to different sources of variation in the assumptions. This technique shows

how changes of assumptions affect the Benefit to Cost Ratio.

1) [nterest rate - 6% per annum
Discount rate - 6% per annum

Benefit/Cost Ratio =(.221

2) Interest rate - [ 0% per annum
Discount rate - 10% per annum

Benetit/Cost Ratio = 0,165

('S

[oad factor values were taken trom “National Power and Energy Forecast for
2008-2027" [1]. During this analysis. vears outside of the 2008-2027 pertods.
Load Factors were assumed to be varying according to the previous trend.

Table 3.12 illustrates the new Load Factor values and corresponding Cost Saving

calculations.

Fheretore the Benefit/Cost Ratio = (3933.5)/(20419.3)



Peak ) o o B . Pr?scnt Net
vear | Loss !,oad LLF AL§ AECS | ACCS ACS t\P\/ ‘( o‘st Present
Saving Factor (MWh) [ {MRS) [ {MRs.) | (MRs.) | Factor | Saving Va[ug
= (MRs.) [(MRs))
2020 138] 6387 03930 473187 3972 2424 639.7 0.46) 2003 39335
20621 1381 0388 0394 176333 398 4 242 4 610 8 043 2748
2622 138 0391 0396 479297 4007 242 4 6431 0,40 2534
2023 PA8] 0391 0368 48068 1 018 2424 6443 037 2360
2024 P38 0592 (3990 482007 4030 242 4 643 4§ 034 2197
2025 P38 GA934 0401 484844 4033 2424 647 8 0.32 204 2
2026 P3RE 05930 0402 486236 406 3 2424 6489 0.29 1894
2027 138 03970 (405 489025 408 8 2424 6312 0.27 1760
2028 LARE 03980 04060 490322 4101 2424 6323 025 1633
2024 138 63990 0407 192486 4117 2424 [ChE 023 NI
2030 138 0601 04000 494459 4134 242 4 6358 0.21 1407
2031 138 06028 0411 49643 3 4130 2424 0374 020 1306
2032 1380 00604 0412] 49841 1 4167 2424 6391 018 121.2]
2033 1381 0605 0414 300393 4183 2424 Ho0 8 017 Ji23
2034 13.8] 0.607) udlel 502370 420.0 2424 662 4 .16 104 5
2033 13.8] 0.608) 04170 304368 4217 2424 6641 013 97.0
2036 138 6.6000 G.419] 306362 4233 2424 6637 014 90.0)
2037 38 061 04241 308339 4250 242 4l 667+ 0.13 83.0
2038 138 006120 04221 51036.0 426.7 2424 6691 012 77.6
2039 R 6L D424 312304 4283 34 2H 6708 0.1 72.0
2040 138 0605 04251 314373 300 2424 6724 (R 608
2041 {381 0.616] 0427) 516383 4317 2424 674 1 0.09 620
2042 138 0618 04200 318501 ¥ill 2425 6738 (.09 7.0
2043 [38] 0019 0430 320421 4351 2424 677.3 0.08 334
2044 1381 §.621 0432 322445 4368 2424 679.2 0.07 190
2048 13.8] 0.6220 0434 524473 438 5 2424 6809 007 46t
2046 13.80 0623 .436] 326304 +40.2 2424 682.6 0.06 127
2047 3.8 0.625 04377 328334 4419 2524 6843 006 307
2048 RIS 06200 0439 330379 4430 2424 686 0) 063 368
2049 138 06280 044il 832022 4453 2424 6877 0.0 342
RNY L8] 06290 D442 534068 479 2424 6809 4 TN 37
2051 P38 0630 0444 336719 G487 2424 69 % 004 205
2092 [3IQ] 0632 0446l 538773 4304 242 4] 692 8 004 273
24633 P3SE 6.033 G457 S4083 4321 2424 694.6 004 254
RISAS) 138 06330 04539] 342893 4339 2425 6963 0.03 2306
2083 I8 6e3s) 0451 344939 2356 2324 5980 003 219
2036 PARL 0637 04330 347020 4573 2424 6997 01,03 203
2037 P38 6360 0454 840102 1364 RERI 7015 003 8.8
20658 ISP 0640 0456 S3HISO 3608 2424 7032 na2 75
2059 138 06428 0438) 333261 4623 2424 TS0 o2 162
2060 138l sad3 0439 8333406 4643 24004 7067 (o2 s

Table 3. 12 Calculated Load Factor values and corresponding Cost saving caleulation
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For all the cases. BenefivCost Ratio was less than . Therefore it is not cconomically
[easible 10 construet 400KV transmission network configuration with compare 1o

220kV transmission network configuration.
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Chapter 4

Conclusions

Ihe present practice of bulk power transmission from major power stations is using
220KV transmission lines. Because of 2200 MW of power has to be transmitted from
proposed Trincomalee Power Plant to load center. it has been decided to investigate
the teasibility of using 400kV against the 220kV as the transmission voltage for the
power transmission. The study mainly concerns the year 2016 and vear 2020
transmission network configurations.

Fhe transmission system studies for year 2016 system with 1600MW of coal power
plant units were conducted for two different system loading conditions. Three
alternative configurations were studied based on the “Long Term Transmission
Development Plan 2008-20167. Only the configuration without Kirindiwela SS was
sclected after the steady state and economic analysis. Even though the configuration
with Kirindiwela shows slight mmprovement in svstem reliability and system loss
savings no planning criteria violations can be observed without Kirindiwela
configuration. As far as the transient stability was concerned both svstems behave
similarly following eritical system disturbances. Thus. the construction ot Kirindiwela
SS was not necessary (o transmit power from proposed [rincomalee Coal Power
Plant. Results from the year 2016 studies were used to sclect the vear 2020
configuration.

Fwo feasible 220kV and 400kV transmission network configurations for vear 2020
were selected  for comparison based on the steady state and transient  state
performance. Result of the steady state analysis. transicnt stability analvsis and
cconomic analysis were used to study the advantages and disadvantages ot the
transmission contigurations. No planning criteria violations were observed tor both
configurations under steady state operating conditions. [ransmission system losses of
220kV network configuration under Night peak and Day peak load scenarios were
130.5 MW and 337 MW respectively. Transmission system [osses of 400kV network
configuration were 116.7 MW and 54.9 MW under Night peak and Day peak load
scenarios. The study  was  illustrated  that  the 400KV transmission  network
configuration has comparatively low transmission losses with respective to 220kV
transmission network configuration.
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Transient stability of the 220kV and 400kV transmission network configuration in
vear 2020 was assessed under night peak and day peak load operating conditions for
both Successful Re-closing and Unsuccessful Re-closing of transmission circuits and
tripping of gencrators. Both selected 220kV and 400kV transmission network
configurations were stable for most critical three phase faults that can appear one at a
time in each connection. with circuit breaker operating time of 120ms.
Additional capital investment required for 400kV configuration with compare to
220kV contiguration will be 5066.1MRs. 18615.3MRs and 2794.7MRs for vears
2018. 2019 and 2020 respectively. Annual operation and maintenance cost was
assumed 1o be 2% of the total investment cost. 8% of Interest rate and §% ot Discount
rate were assumed during the caleulation. The pavments for the loan were considered
as based on constant payments and constant interest rate. Then the Net Present Value
of expenditures was 20.419.3 MRs.
Peak Power 1.oss Saving due to implementing the 400kV Configuration was 13.8MW.
Power Loss Saving was assumed to be constant through out the economic life of the
configurations. Life time of Transmission Network Developments was assumed as 40
vears. Loss saving of the project comprises of two components. namely Encrgy cost
saving and Capacity Cost Saving. Energy Cost per kWh and Capacity Cost per kW
was taken as 8.36Rs and [7.567Rs respectively. Load factor values were taken from
“National Power and Energy Forecast for year 2008-2027". For years outside of this
period. Load Factors were assumed to be equal to the year 2027 value. Then the Net
Cost Saving due to implement the 400kV conﬁguration mstead ot 220kV
configuration was 3879.4MRs.
[f the ratio of the present value of the benetits to the present value of the costs greater
than one then the project is worthwhile, But according to the analysis the Benefit to
Cost Ratio was less than one. Theretore it is not economically viable to construct
JOKV contiguration with compare to 220KV configuration.
Since the future cannot be accurately predicted there is a high probability that some of
the assumptions may prove incorrect. Sensitivity Analysis s used to show how
changes of assumptions affect the Benefit 1o Cost Ratio. As the first sensitivity
analvsis 6% Interest rate and 6% Discount rate were assumed. Then 10% Interest rate
and 10% Discount rate were assumed. Finally Toad factor values for the period of
18-2060 were calculated according to the previous trend. (Load factor values tor the
period of 2020-2027 were taken from “National Power and Energy Forceast for 2008-
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20277 For all the cases. Benefit/Cost Ratio was less than 1. Therefore it is not
economically viable to construct 400kV transmission network configuration with
compare 10 220k V transmission network configuration.

Because the lack of experiences on 400k V transmission projects it is necessary to train
the technical staft for both constructional and operational aspects if construct 400kV
transmission network contiguration. This 1s also an additional cost to the 400kV
configuration.

By considering the above factors it is recommended that 220kV contiguration be used
as the Trincomalee Coal Fired Power Plant grid connection and the scope of work
depicted under section 3.1.1 be impiemented for transmit 2200MW of power.
According to the new draft generation planning schedule prepared by the Generation
Planning Branch of the Ceylon Electricity Board. (dated 07" December 2009) only
300 MW Trincomlee Coal Fired units will be added to the power system before 2020,
That unit will be added during vear 2015, Therefore it necessary o re examine the

proposed configuration after publishing the “Generation Expansion Plan 2010-2029".
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Annex A- 13 Planning Criteria

Planning Criteria

During the transmission development planning. it is targeted to meet planning criteria to ensure
quality and reliable supply under normal operating conditions as well as under contingencies,
Voltage criteria

the voltage criterion defines the permitted voltage deviation at any live bus bar of the network

under normal operating conditions as given in table A-1.

B Busgdr Allowable \r'oltz{g:{g variation (%)
voltage. Normal operating condition  Single contingency condition
+00kV o - oy T
220KV T T T T e
132kV oo oo S

Table A-1: Allowable voltage variations

Thermal criteria
The design thermal criterion limits the loading of any transmission network clement. in order to
avoid overheating due to overload. The loading of elements should not exceed their rated thermal
loading values for steady state conditions.
Security criteria
The performance of the transmission system under contingency situation is tlaken into
consideration in the security criteria. The adopted contingencey level for the planning purposes is
N-1.Le.outage of any one element of the transmission system at a time.
Alter outage of any one element (i.e. any one circuit of a transmission line or 4 transtormer and
without any adjustment or corrective measure). the system should be able to meet the distribution
demand while maintaining the bus bar voltage levels as given in Table A-1 and loading of all the
remaining elements should not exceed their emergencey ratings specified.
Stability criteria
Stability criteria should ensure the system stability during and after a system disturbance.
For all pertaining equipment in service. the system should remain stable in case of

e [lhree-phase fault at any one overhead line terminal. cleared by the primary protection

with suceessful and unsuccesstul auto re-closing,

e [oss ol any one generation unit
e Load refection by loss of any transtormer.

Generator dispatching
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