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FOREWORD

The Distribution System Master Plan (DSMP) identifies, prioritizes and opts for adequate and
optimal distribution system expansion and augmentation programs to meet the expected electricity
growth and demand development in the Country. This timely formulation of DSMP is in line with
the stated corporate strategic objective of providing affordable, reliable and quality services to
customers and will enable to traverse the changing technological, regulatory and social constraints

for the time horizons considered.

The DSMP has been finalized after a series of consultative discussions with all the relevant
stakeholders to obtain a shared outcome. In particular, adequate efforts have been taken to ensure
that the DSMP aligns and integrates with the stated plans and programs of the Royal Government
of Bhutan (RGoB) for the energy sector.

Based on the expected demand development for the time horizons considered, the DSMP outlines
the road map for the implementation of optimized distribution network expansion programs and
projects in stages with the expected investment required and financial commitments. The DSMP
will be updated on a regular basis to incorporate changing business imperatives and contexts to

ensure its relevance.

Appreciation goes to all the officials of the Distribution Services for formulating and coming out
a comprehensive document that is timely which will serve as a blueprint for the Distribution
Services to build a robust distribution system that will go a long way in contributing towards

realization of BPC’s objectives of providing a reliable electricity supply to its valued customers.

(Sortam Tobje
Chief Executive







Prepared by:

Reviewed &
Vetted by:

Approved by:

Preparation, Review & Approval of the Document

Distribution & Customer Services Department,
Distribution Services,

Bhutan Power Corporation Limited,

Thimphu.

Management,
Bhutan Power Corporation Limited,
Thimphu.

(22" December 2019 — Meeting No. 557)

Board Tender & Technical Committee (BTTC),
Bhutan Power Corporation Limited,
Thimphu.

(26" December, 2019 - 15" BTTC Meeting)

GM, DCSD

Chairman, BTCC






Distribution System Master Plan (2020-2030) | 2019

Table of Contents
LiSt Of TabIes ....cccceeevuiiininiurcscnissuncsninsnrcssnissancsnnenns eee i
List of Figures.............. eenedil
Abbreviations ........cccceeeueeenee \
DefiNItiONS .cccuveecrnrccssnncsssnncssnecssnncssssscssssscssssssssssssssssssssssssssseses vi
1. Executive Summary............. . |
2. Introduction........ecceeenceecsnicsnncsnessnncsnnenns 2
3.  Objectives of the MaSter Plam ..........cciiiviiivicsninssnissncsssnsssncsssisssnssssssssssssssssssesssssssssssssssses 3
4. Scope of the Distribution System Master Plan 3
5. Methodology and Approach... w3
5.1 Data Collection and Validation.............cocueiiiiiiiiiiiiiiiieeeeee e 4
5.2 Modeling and MaPPING......cc.eeeriiieiiieeiiee ettt ettt etee e aee e ebeeesbeeesnreeensreeeeseeennns 4
53 Analysis and Identification of System Deficiencies ..........ccceeeveeviieiniiieniieiiiee e, 4
5.4  Distribution System Planning ...........cccccocveriiiiiiiiiiiii e 4
5.5 INVESMENt PIAN........ooiiiiiiiece et e 5
6. Existing Electricity Distribution Network ...... 5
6.1 Overview Of the POWET SUPPLY SOUICES ...c.vvieeriiieeiiieeiieeeiieeeieeeereeeereeeseveeeereeenaeeeaeees 5
6.2 Electricity Distribution LINES........ccceieriieiiiieeiiieeiee et 6
6.3 Distribution TransfOrmers. .......oouiiiieiiiiieiiceiee e 7
7. Analysis of Existing System....... 8
7.1  Assessment of Power Sources . 8
7.1.1  HV Substation (220/132/66/33/11 KV ) ..ecueiiuiiiiiiiiiieiiertcesereee et 9
7.1.2 MV Substation (33/11 KV) .ecuieeieieeeeee e e 10
7.2 Assessment of MV Feeders.........ccueecveicsunccercnnene 11
7.2.1 Assessment of MV Feeder Capacity.......ccccveeevieeiiieniiieeciie e 11
7.2.2  Energy Loss Assessment 0f MV FEeders .........c.coouviiiiriieiienieiiieiecieeee e 16
7.2.3 Reliability Assessment of MV Feeders........ccooiiiiiiiiiiiiieniiiiieieceeeeee e 19



Distribution System Master Plan (2020-2030) | 2019

8.

10.
11.
12.
13.
14.
15.

7.2.4 Single Phase to Three Phase Conversion..........c.ccocevieveriineencnieneeienecneeeneene

7.3 Assessment of the Distribution Transformers

7.3.1 Distribution Transformer Loading...........cceevveeiiieiiiiiiiiiieeieenie e

7.3.2 Asset life of Distribution TranSfOrIMETS .....ooevvvvieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e

7.3.3 Replacement of Single Phase Transformer.............ccocooiiiiiiiiiniiiiienceee

74  Power Requirement for Urban Areas by 2030

Distribution System Panning till 2030

8.1  Power Supply Source

1.1 HV SUDSEAION. .ttt ettt e e et e e e e e e e e e e e e e e e eeeeeeaanns

1.2 MMV SUDSEAIONS ettt et ettt e e e eee e e e e e e e et eeaeeeeeeeeeaaaeaeeeeeaenanes

8.2 MYV and LV Lines

8.3 Distribution Transformers

8.4  Switching and Control

8.4.1 Intelligent SWItChing DEVICES .......eeviuiiiiiiieeiiieeiie e e

8.4.2 Distribution System Smart Grid..........cccociieiiiieiiiieiiieeeeee e

Investment Plan

Recommendation

L0711 16 11 15] 11 1 [

Annexure

References teeeresssesssssssssesesssarsssssssssssnssarsnnssssssnns

ASSUMPLIONS..cicesraricsrarcssssrcsssssssssssssssssssssssssssssssasssssassssanes

Challenges........

i

25
25
26
27
27
39
39
39
40
40
42
43
43
46
46
51
52
54
55
55



Distribution System Master Plan (2020-2030) | 2019

List of Tables

Table 1: MV and LV Line Details ........c.cccueiieiiiiiiiiiieieeeieee et 7
Table 2: Total Numbers of Transformers, installed capacity & customers ............ccccceevveevrennnnne. 7
Table 3: Peak load of HV SubStation..........c.cooiiiiiiiiiiiei e 9
Table 4: Load forecast of Motanga IP ..........coccooiiiiiiiiiiiii e 10
Table 5: Peak 10ad 0f MV SUDSTAtION .....eouviiiieiiiieiiieieeie e 10
Table 6: Historical Feeder wise peak power demand of ESD Samdrupjongkhar......................... 11
Table 7: Thermal loading of ACSR conductor at different voltage levels ........c..ccccoceneniinnenne. 12
Table 8: Feeder wise load forecast of ESD Samdrupjongkhar...........cccccoceviiiiniiiininnninee. 14
Table 9: Bus Voltage profile of Problematic Feeders..........coccuivviiiiiiiiniiiiiiiiie e 15
Table 10: Improved Voltage profile .........ccoeoiiieiiiiiie e e 15
Table 11: Energy Sales-Purchase-Loss Trend ...........ccccooiiiiiiiiiniininiiiciceececeseeeeeeee 16
Table 12: Feeder wise energy loss (in MU) of ESD Samdrupjongkhar ............cccccoceviininninnenne. 18
Table 13: Feeder wise Reliability indices of ESD Samdrupjongkhar ..........ccccooveiiiiiiiiniinnnnnnne 20
Table 14: SAIDI and SAIFT for the year 2017 .......coooviiiiiiiiiiieeiie et 21
Table 15: Tripping Data for 2017 and 2018 .......coiiiiiiiiiiiiiee e 21
Table 16: List of Overloaded Distribution TranSformers ...........c.cocoeeviienieniieiieniieie e 25
Table 17: List of Outlived Distribution Transformers ..........c.ccooeevieriineeienieneeicneeneeeeeeeene 27
Table 18: Distribution Transformers under LAP I to IV and Dewathang LAPs..........ccccccune.. 32
Table 19: List of ARCBs under ESD Samdrupjongkhar............ccccoooviiiiiiiiniiiiiieie e 44
Table 20: List of FPIs to be installed ..........cocooouiiiiniiiiiiiiiieeeee e 44
Table 21: Investment Plan until 2030 .........cccooiiiiiiiiiiiiiieeeee s 48
List of Figures

Figure 1: Block diagram for distribution system planning for thematic studies.............ccceeeeuvennne 3
Figure 2: Electricity Distribution Schematic of Samdrupjongkhar Dzongkhag............................ 6
Figure 3: Feeder wise peak power demand of ESD Samdrupjongkhar.............cccocveniiiiinnnnnnn. 12
Figure 4: Feeder wise peak power demand forecast of ESD Samdrupjongkhar .............c.c....... 14
Figure 5: Energy requirement trend...........c.coooiieiiiiieiiiie ettt 17
Figure 6: Feeder wise energy losses (MU) Of ESD ........oooiiiiiiiiiiiieeeee e 19

i1



Distribution System Master Plan (2020-2030) | 2019

Figure 7: Graphical Representation of Reliability Indices ..........cccovveniiiiniiniiiininiiicicee 21
Figure 8: Problematic section of 11 kV Orong Feeder..........cccooiiiiiiiiiniiniiiereceeee 23
Figure 9: Existing 11 kV Network of LAP Ito IV-Overall..........ccccooiiininiiniiiiceeee 28
Figure 10: Existing 11 kV Network of - LAP T ..o 29
Figure 11: Existing 11 kV Network of Samdrup Jongkhar Throm - LAP II & II...................... 29
Figure 12: Existng 11 kV Network of Samdrup Jongkhar Throm - LAP IV .......ccccooiiiiiinenn. 30
Figure 13: Existing 11 kV Network of Dewathang LAPS ........cccooiiiiiiiiiiieieeeeeee 30
Figure 14: Administrative boundary map & Location of LAPs at Samdrupjongkhar.................. 31
Figure 15: Administrative boundary map & Location of LAPs at Dewathang.............c.ccccc.eee. 31
Figure 16: Proposed new substation for LAP IT & 11 .........ccooiiiiiiiiiiiiiiiicecceecceee, 34
Figure 17: Proposed new substation for LAP IV ... 35
Figure 18: Proposed new substation for Dewathang LAPS ..........ccccooiviiniiiinininiiicce 35
Figure 19: LT distribution network in Samdrup Jongkhar town LAP Il & III. ......c..ccccoeenennnene. 36
Figure 20: Proposed Distribution Network for LAP I-IV.....cooooiiiiceee, 38
Figure 21: Proposed Distribution Network for Dewathang..........c.ccocooiiiiiiinii, 39
Figure 22: Proposed Distribution Network of ESD Samdrupjongkhar by 2030. ..........ccccccc...ee. 42
Figure 23: Proposed switching equipment for distribution network ..........c..ccocecenieniincnienene. 45
Figure 24: Priority MAtITX ...co.ueoiiieiiieiieettee ettt ettt st neees 46

v



Distribution System Master Plan (2020-2030) | 2019

Abbreviations

BPC: Bhutan Power Corporation Limited
ESD: Electricity Services Division
DSMP: Distribution System Master Plan
GIS: Geographical Information System
SLD: Single Line Diagram

ETAP: Electrical Transient and Analysis
Program

IS: Indian Standard on Transformers

1EC: International Electro-Technical

Commission
IP: Industrial Park
DT: Distribution Transformer

TSA: Time Series Analysis

LRM: Linear Regression Method

MV: Medium voltage (33kV, 11kV and
6.6kV)

DDCS: Distribution Design and Construction
Standards

kVA: Kilo Volt Ampere

W: Watt

kWh: Kilo Watt Hour

RMU: Ring Main Unit

ARCB: Auto Recloser Circuit Breaker
ISD: Intelligent Switching Device
FPI: Fault Passage Indicator

ICT: Interconnecting Transformer
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Definitions

Asset Life: The period (or the total amount of activity) for which the asset will be economically

feasible for use in a business.

Balanced system: A system is said to be balanced when all phase conductors carry approximately
the same current. For delta systems, this applies to two-phase conductors, and for three-phase wye

systems, this applies to three-phase conductors.

Contingency plan: Power that is needed when regularly used electric generating units are not in
services, such as during short-term emergencies or longer unplanned outages, and during periods
of scheduled maintenance when the units must be shut down. Short-term backup power is generally
called emergency power. Long-range backup power is often provided for in reserve sharing

agreements.

Capacity: Also known as the power or capability of an electric generating plant. 1) Facilities and
places to serve electric customers. 2) The total amount of electrical energy a power line can

transport at any given time (Measured in kVA).

Clearance: The clear distance between two objects measured surface to surface. For safety
reasons, proper clearance must be maintained between power lines and the ground, buildings, trees,

etc.

Critical Value: The value of the random variable at the boundary between the acceptance region

and the rejection region in the testing of a hypothesis.

Distribution line: That part of the electrical supply system that distributes electricity at medium
voltage (33kV, 11kV & 6.6kV) from a transformer substation to transformers or other step-down
devices service customer premises, which finally supply power at the voltage required for

customer use.

Distribution loss: Energy losses in the process of supplying electricity to consumers due to

commercial and technical losses.

Distribution system: The portion of the transmission and facilities of an electric system that is

dedicated to delivering electric energy to an end-user.

vi
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Energy: Delivered power measured in kilowatt-hours (kWh).

Generating station: A plant wherein electric energy is produced by conversion from some other

forms of energy.

Grid: A system of high-voltage transmission and power-generating facilities that are
interconnected with several other bulk power supply agencies on a regional basis. A grid enables
power to be transmitted from areas having a surplus to areas experiencing a shortage. A grid also

eliminates some duplication of costly facilities in a given region.
Investment: the action or process of investing money for certain activities with return and profit.

Lines (electrical supply) - Those conductors used to transmit or deliver electric energy and their

necessary support or containing structures.

Linear Regression Method: In statistical modeling, regression analysis is a set of statistical
processes for estimating the relationships between a dependent variable (often called the

'outcome variable') and one or more independent variables.

Load: 1) A device, or resistance of a device, to which power is delivered in a circuit. 2) The

measure of electrical demand placed on an electric system at any given time.

Load forecasting: The methods used in determining a system's short and long-term growth in

peak load and kilowatt-hour sales by consumers.
Load Growth: The increase in the demand for power required over time.
Marginal Value: Just barely adequate or within a Lower Limit.

On line - Term generally used to indicate when a generating plant and transmission line is
scheduled to be in operation. When an operational plant and line are not online, it is said to be

"down."

Outage - Interruption of service to an electric consumer.

vil
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Overload - Operation of equipment over normal, full-load rating, or of a conductor above rated
ampacity that, when it persists for a sufficient length of time, would cause damage or dangerous

overheating. A fault, such as a short circuit or ground fault, is not an overload.
Optimization: the action of making the best or most effective use of a situation or resource.

Pad-mounted equipment- General term describing enclosed equipment, the exterior of which
enclosure is at ground potential, positioned on a surface-mounted pad. Example: underground

transformers and junction boxes.

Peak demand - The maximum amounts of electricity used by a utility customer at any given time
during the year. The peak is used to measure the amount of electric transmission, distribution, and
generating capacity required to meet that maximum demand, even if it occurs infrequently and

only for very short durations.

Peak load - The greatest amount of electricity used during a time period by the consumers in a

utility's system.
Power - The time rate of electric energy in a device or circuit, measured in watts.

Power factor - A measurement of efficiency in the use of electricity. For example, a 100% power
factor would be like a horse pulling a wagon on rails directly forward with no resistance. If the
horse turns and pulls at a right angle to the rails, he may pull just as hard, but his efforts will not
move the car. This would be a zero percent power factor. Now, if he pulls at a 45-degree angle to
the rails, he will pull the car, but not with as high efficiency as if he were pulling straight down the
rails. In the use of electricity, not every kilowatt generated translates into equivalent horsepower

efficiency.

Power grid - A network of generation, transmission, and distribution system that are

interconnected

Power quality - The extent to which a utility system can maintain its delivery of electric energy
within the tolerable limits of voltage and without outages or other problems that affect a customer's

equipment use.

viil
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Power supply - Source of current and voltage.

Reliability - A measure of a utility's ability to deliver uninterrupted electric service to its

customers.

Substation - An electrical facility containing switches, circuit breakers, buses, and transformers
for switching power circuits and transforming power from one voltage to another, or from one

system to another.

Time Series Analysis: The statistical techniques used when several years’ data are available to
forecast load growth.
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1. Executive Summary

Bhutan Power Corporation Limited is mandated to provide affordable, adequate, reliable, and
quality electricity services to the customers through transmission and distribution networks
established across the country. Towards realizing the mission, vision, and destination statement of
BPC as outlined in the Corporate Strategic Plan (2019-2030), there is a need to carry out
comprehensive studies of the distribution system to address the system deficiencies as the ground

realities are different triggered by technological advancement and economic growth.

The existing distribution networks are modeled and accordingly, the technical evaluation is carried
out adopting the generally accepted load forecasting framework i.e. Time Series Analysis in
conjunction with Linear Regression Method, the power requirement for the next ten (10) years are
forecasted. Subsequently, the network capability and the system gaps are identified with proposed
distribution system planning. The investments are proposed (based on the priority matrix) to
address the system inadequacies with the intent to improve the Customer Services Excellence,
Operational and Resource Optimization Excellence, Innovation and Technology Excellence, and

Business Growth Excellence.

The single to three-phase distribution network conversion across the country is reproduced in this
report based on the studies carried out by BPC “Technical and Financial Proposal on Converting

Single Phase to Three-Phase Power Supply in Rural Areas”.

The details on the distribution grid modernization are outlined in Smart Grid Master Plan2019
including the investment (2020-2027). The identification of the system deficiencies and qualitative
remedial measures that would require system automation and remote control as per the existing

and projected load is only outlined in this report.

Similarly, the system study beyond the Distribution Transformers had to be captured during the

annual rolling investment and budget approval.

The ETAP tool is used to carry out the technical evaluation and validate the system performance.
Finally, necessary contingency plans, up-gradation, and reinforcement plans are proposed as

annual investment plans based on the outcome of the simulation result.
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2. Introduction

The system study is intended to improve the power distribution system in Bhutan by formulating
a comprehensive, national level and district wise DSMP (2020-2030) till 2030 that provides
measures for renewing and reinforcing power distribution facilities. BPC’s distribution system has
grown in size and complexity over the years. While many network additions and alterations carried
out so far were as per the recommendations of the Druk Care Consultancy Study Report (2006),
the ground realities are evermore different now than anticipated during the study. There is a need
to explore opportunities for optimizing the available resources and develop a master plan for future

investments.

Some of the prominent driving factors required for the development of the master plan include but
are not limited to a reliable power supply to the customers, reduction of distribution losses, and
network capability with the anticipated load growth, optimization of the resources, and to develop

an annual investment plan.

BPC has never carried out comprehensive system studies to improve the distribution system and
optimize the available resources. The recurring investment plans (annual) are based on the on-site
and field proposals without any technical evaluation being carried out which could have resulted
in preventable and excessive investments. Therefore, proper planning is necessary to improve the

system for optimal usage of resources.

It 1s also intended that this master plan is to provide general guidance in preparing long-range
system planning. The analysis indicates where up-grades are most likely to be economical and
provides insight into the development of a practical transition from the existing system to the
proposed long-range system. Based on this analysis, recommendations are made for improving
system performance and increasing system capacity for expansion. Periodic reviews of the master
plan will be required to examine the applicability of the preferred plan considering actual system

developments.
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3. Objectives of the Master Plan
The objective(s) of the DSMP (are):

3.1 To carry out the system study of the existing distribution network, forecast and come out with

the comprehensive ten (10) years strategic distribution plan;

3.2 To provide affordable and adequate electricity, reduce losses, improve power quality,

reliability, optimize the resources and gear towards excellent customer services; and
3.3 To come out with annual investment plans.
4. Scope of the Distribution System Master Plan

Formulation of detailed DSMP (2020-2030) of the Dzongkhag for renewal, reinforcement, and

extension of the power distribution system up to DT.
5. Methodology and Approach

To better understand the existing distribution system and postulate the credible investment plans;
a standard framework and procedures had been adopted. However, in the absence of any
standardized procedures in BPC for the planning of distribution system, the following customized
procedures detailed in Section 5.1 through Section 5.5 and as shown in Figure 1 are considered

to suit BPC’s requirement for developing the DSMP.

As per Existing Load
(as on 2019)
Data Collection and Modeling and -
Validating Mapping LOAD FLOW
As per Forecasted
load (2025 &2030)
Investment | Distribution System | Analyze & Identify the
Plan Planning System Deficiencies

Figure 1: Block diagram for distribution system planning for thematic studies

3
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5.1 Data Collection and Validation

To carry out the detailed studies with greater accuracy, complete and reliable data of the existing
distribution infrastructure is required. Therefore, an intensive field investigation was carried out
during April and May (2019-2020) to validate the information that was collected. The information
required for the studies does not confine to the BPC’s internal distribution network but also the
developmental activities of the cross-governmental sectors. The power arrangement requirements
from these developmental activities were also used to forecast the power demand. The data
validation on the distribution system includes the review of all the power sources, medium voltage
lines, and transformers with that of GIS data of Environment and GIS Division and SLD submitted

by respective ESDs which is attached as Annexure-1.
5.2 Modeling and Mapping

The feeder wise distribution lines and transformers were modeled and mapped in the ETAP tool
and the base case was developed for the existing distribution network. The technical parameters
for the lines and transformers were considered based on IS 2026, IEC 60076 (Detailed parameters
attached as Annexure-2) to develop the base model. Modeling and Mapping detail is attached as

Annexure-1.
5.3 Analysis and Identification of System Deficiencies

The existing distribution system model was analyzed in the ETAP involving balanced load flow
to figure out the network capabilities against the set distribution standards. The load growth was
projected using the commonly adopted methodology that is LRM in conjunction with TSA which
is based on the historical data and accordingly the behavior of the distribution system was
analyzed, and the system deficiencies were identified. The details on the load forecast

methodology are attached as Annexure-3.
5.4 Distribution System Planning

Necessary deterministic and probable distribution system planning methods are proposed to

address the system gaps focusing on the reduction of losses, improving the reliability and power
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quality. Accordingly, any contingency plans, up gradation, and reinforcement plans are proposed

along with the investment plans incorporating best fit technology.
5.5 Investment Plan

The approved investment plans (from 2020 to 2024) have been validated based on the outcome of
the system studies and accordingly, the yearly investment plans are outlined as per the priority

matrix as detailed in Section 9.

6. Existing Electricity Distribution Network

6.1 Overview of the power supply sources

Samdrupjongkhar Dzongkhag comprises of the two Drungkhags (Samdrupcholing and
Jomotsangkha) and eleven Gewogs (Orong, Gomdar, Martshala, Phuntshothang, Pemathang
Samrang, Lauri, Serthig, Dewathang, and Langchenphu). The power supply to these Gewogs is
being fed from the 132/33/11 kV Dewathang substation. The overall power distribution network
of Samdrupjongkhar Dzongkhag is illustrated in the schematic diagram shown in Figure 2.

The Kurichu hydro-power plant (4x15 MW) located in Monggar Dzongkhag is the principal power
supply source for the whole eastern and central regions in the country. The Kurichu power
consumption in Samdrupjongkhar Dzongkhag is channeled through the 132/33/11 kV substation
at Dewathang.

The power distribution system of the Dzongkhag also has two 11 kV links with the ASEB (i.e. one
at Diafam and the other at Samdrupjongkhar) which are used extensively when there is no power
supply from the national grid. Nevertheless, with the extension of the grid, 11kV links are hardly
used except during exigency circumstances. Dependency on these feeders is likely to reduce
further with the interconnection of the 132/33kV Kanglung and Phuntshothang substations. The
132 kV transmission link between Nanglam and Motanga substations is expected to enhance the

power reliability of Samdrupjongkhar Dzongkhag.

As seen in Figure 2, the 132/33/11 kV Dewathang substation is a primary HV source of
Samdrupjongkhar. The substation has three (3) 33kV feeders (Bangtar, Gomdar, and
Samdrupjongkhar) and has four (4) 11kV feeders (Colony, station, Dewathang, and Orong). The

5
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33kV Samdrupjongkhar feeder links 2x2.5 MVA, 33/11 kV Samdrupjongkhar substation, and
similarly, the 33kV Bangtar feeder links 1x1.5 MVA, 33/11 kV Langchenphu substation.

|

132kV I/C form Nangkhor
Yegeiii: 75 132KV bus
Transformer A ; ,‘ 2x5MVA,
! = 132/33 kV,
Broilk N "  Dewathang S/S
X reaker
11 kV Line ’ .
us
— 33kVLine
132 kV Line ',a
= 5 i |
ED A 5 (2x2.5MVA,/
B @ 4 & (=) 33/11kV =
w |
11kV bus
X X X X
o0
=
) 2x2.5 MVA, E - z g
=) 33/11kV, S/ () z g 3 E
Jongkhar S/S A S v
11kV bus |
X X X X X
£ - E -
Py By Sy 2y 8
Langchenphu
L

Figure 2: Electricity Distribution Schematic of Samdrupjongkhar Dzongkhag

6.2 Electricity Distribution Lines
The quantity of MV and LV lines operated and maintained by ESD Samdrupjongkhar

summarized in Table 1.

1S
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Table 1: MV and LV Line Details

SI. 33 kV(KM) 11 kV (KM) Total MV line LV line (KM) Total line
No. OH UG OH UG OH UG OH UG length (KM)
1 344.04 0.65 79.18 2.05 42322 270 396.13  6.308 828.36

The total MV line length is 425.92 km and the total LV line length is 402.407 km. The ratio of

MV to LV line length is 1:1.05, which is within the generally acceptable range of 1:1.2. Hence, it

is recommended to maintain the same ratio for better power distribution. While the ratio of LV to

MYV line length would vary according to the site conditions, as a general rule, a ratio of 1.2:1 should

be maintained which would balance the initial capex and optimize the running and maintenance

costs. The MV distribution network is mainly through 33 kV and 11 kV overhead lines with some

networks in the town areas being through underground cables.

6.3 Distribution Transformers

The number of distribution transformers at various kVA rating levels operated and maintained by

the ESD Samdrupjongkhar is tabulated in Table 2.

Table 2: Total Numbers of Transformers, installed capacity & customers

SI. Transformer Installed No of
Name of Feeder Remarks
No. (Nos) Capacity (kVA) Customer
33kV Samdrupjongkhar
1 2.00 565.00 33kV S/
feeder
: feeder fed to
i 11kV Dzong feeder 4.00 1,565.00
2x2.5 MVA,
i1 11kV Telecom feeder 2.00 223.00
33/11kV
1 11kV Bazar feeder 6.00 5,000.00
1,815.00  substation at
iv i 11kV RICBL feeder 1.00 250.00
town
v . 11kV Station feeder 1.00 500.00
2 33kV Bangtar feeder 166.00 7,953.00 33kV Bangtar
feeder fed to
4,290.00
i 11kV Langchenphu feeder 14.00 2,235.00 Ix1.5 MVA,
33/11kV
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SI. Transformer Installed No of
No. Name of Feeder (Nos) Capacity (kVA) = Customer Remarks
substation at
Langchenphu
3 33kV Gomdar feeder 72.00 2,056.00 1,380.00
4 11kV Dewathang feeder 14.00 2,891.00 747.00
5 11kV Orong feeder 25.00 1,466.00 738.00
6 11kV station feeder 1.00 100.00 1.00
7 11kV colony feeder 1.00 100.00 39.00
33kV Line form Motanga
> ss ' ' '
Total 309.00 24,904.00 9,010.00

As of September 2019, there were 309 (283 BPC & 26 Private) transformers with a total capacity
0f24,904.00 kVA. As evidenced from Table 2, the installed capacity of transformer per customer
is 2.76 kVA per customer.

7. Analysis of Existing System

Based on the model developed in ETAP for the existing feeder wise distribution network, analysis
of the system was carried out by considering the forecasted load growth from 2020-2030. The
quality of power, reliability, and energy loss of the existing network was assessed, and accordingly,
the augmentation and reinforcement works are proposed which shall be an integral part of the
investment plan. The assessment of MV lines, DTs, power sources, reliability of the power supply,

and energy & power consumption pattern are presented from Section 7.1 through Section 7.4.
7.1 Assessment of Power Sources

The assessments of the capabilities of the power sources were exclusively done based on the
existing and forecasted load. The source capability assessment had to be carried out to ascertain
the adequacy of the installed capacity against the existing load and the forecasted load. The

assessment had been carried out bifurcating HV and MV substations as detailed below.
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7.1.1 HYV Substation (220/132/66/33/11 kV)

Dewathang substation is the primary power source to Samdrupjongkhar Dzongkhag. To assess the
capacity of the substation, the peak power consumed has been compiled based on the historical
data. The details on the installed capacity of substations, existing peak load, and anticipated load

in the future are tabulated in Table 3.

Table 3: Peak load of HV Substation

i) Gyt Peak Load Forecasted Load
SI. No. . Name of Source (MW) (MW)
MVA MW 2019 2025 2030
Dewathang (Existing)
{ 132/33 kV 2x5 8.5 6.39 8.73 10.57
33/11kV 2x5 8.5 2.63 3.55 441
Upcoming Substations
2 Motanga (132/33 kV) 1x15 12.75 2.95 11.66 14.75
3 Phuntshothang (132/33 kV) 2x10 17.00 - - -

Note: Considering the power factor of 0.85

As shown in Table 3, the substation recorded a peak load of 6.39 MW (equivalent to 7.52 MVA
@0.85 pf) at 33 kV voltage level, which is 75.2 % loaded against the installed capacity. The
commissioning of the Phuntshothang substation can off-load the load of the Bangtar feeder which
caters to the power requirement of seven (7) Gewogs (Martshala, Pemathang, Phuntshothang,

Samrang, Langchenphu, Serthi, and Lauri) thereby reducing the burden to Dewathang substation.

Similarly, the 33/11kV substation experienced a peak load of 2.63 MW in 2019 is forecasted to
reach 4.41MW by 2030 against the installed capacity of 8.5 MW. Therefore, the substation has

adequate capacity to cater to the present and forecasted load.

However, it is pertinent to mention that the Motanga (Phuentsho Rabtenling) under
Samdrupjongkhar is identified as an Industrial Park (IP) by the Department of Industry, Ministry
of Economic Affairs. The IP has a total of 4 zones namely, Mineral/Chemical-based, Forest-based,

Food and agro-based, and other industries. Table 4 exhibits the projected load at Motanga IP.
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Table 4: Load forecast of Motanga IP Motanga substation. The total MV and LV
Category Forecasted Load (MW) loac.i of '14..75 MW is ant.icipated by 2030
2019 2025 | 2030 against its installed capacity of 12.75 MW

HV Industries 12.20 61.0 61.0 (@0.85 pf). Hence, it is imperative that the
MV Industries |  2.66 10.53 | 13.32 Motanga substation needs to be upgraded.
LV industries 0.29 1.13 1.43 The Up-gradation will not only cater to the
2.95 11.66 | 14.75 future load growth of the Motanga IP but can

serve as source redundancy to 33/11 kV
The power requirement to Motanga IP should Samdrupjongkhar substation.

be catered by I1x15 MVA, 132/33kV

7.1.2 MYV Substation (33/11 kV)

The power imported from the Dewathang substation is further distributed to various parts of the
Dzongkhag through the following 33/11kV substations. The detail of the installed capacity,
existing peak load, and the anticipated load in the future are exhibited in Table 5.

Table 5: Peak load of MV Substation

SL. Name of Available Installed Peak Load Forecasted Load
No. Source Capacity (MW) (MW)
MVA MW 2019 2025 2030
1 S/Jongkhar 2x2.5 4.25 1.49 2.22 2.53
2 Langchenphu 1x1.5 1.275 0.5 - -

Note: Considering the power factor of 0.85

As seen from Table 5, the Langchenphu substation has adequate capacity to cater to the existing
as well as future load growth. However, an additional transformer is recommended at

Langchenphu substation for redundancy purposes.

Similarly, the Samdrupjongkhar substation has an adequate capacity to cater to the forested load.
However, it is crucial to mention that seven LAPs are identified in and around Samdrupjongkhar
Throm which should be catered from the substation. An additional load of around 3.912 MW is
forecasted by 2030. Therefore, it is recommended to upgrade 2x2.5 MVA to a 2x5 MVA

substation. The detailed power requirement for the LAPs is outlined in Section 7 4.

10



Distribution System Master Plan (2020-2030) | 2019

7.2 Assessment of MV Feeders

Feeder wise planning is necessary to ensure that the power delivery capacity, power quality, and
reliability requirements of the customers are met. In a distribution system, capacity assessment of
existing MV feeders is important to ensure that feeders are adequate to transmit the peak demand
of the load connected to the feeders. Particularly, the capacity assessment of the feeders enables

the identification of feeders that require reinforcement and reconfiguration works.

The behavior of the MV feeders is assessed based on the existing and forecasted load, feeder wise
energy loss, reliability, and single to three-phase line conversions which are outlined vividly in
Section 7.2.1 through Section 7.2.4. Further, recognizing that the asset life of the distribution
system is thirty years (30), our system should be able to handle the load growth (peak demand) for
the next 30 years. Therefore, it is equally important to consider the asset life of the system in

addition to the assessment of the system at different time horizons.
7.2.1 Assessment of MV Feeder Capacity

The load profile of MV feeders emanating from the Dewathang substation had been compiled
based on the historical data. The array of daily and monthly peak demand was sorted to obtain the
annual peak demand. The feeder-wise peak demand recorded at the source is presented in Table

6 and the corresponding feeder-wise annual load curve is presented in Figure 3.

Table 6: Historical Feeder wise peak power demand of ESD Samdrupjongkhar

Sl. Peak Consumption Pattern(MW)
Name of Feeder

No. 2013 2014 2015 2016 2017 2018 @ 2019

j 33KV Samdrupjongkhar 1.67 1.28 1.36 1.96 183 166 149
feeder

2 33kV Bangtar feeder 1.17 0.98 1.32 1.50 1.50 1.66 1.55
3 33kV Gomdar feeder 1.17 0.43 0.41 0.43 0.49 0.45 0.72
4 11kV Dewathang 1.10 1.65 1.77 1.66 1.58 2.02 1.96
5 11kV Orong feeder 0.20 0.32 0.30 0.36 0.57 0.36 0.52
6 11kV Station feeder 0.02 0.02 0.03 0.03 0.03 0.02 0.10
7 11kV Colony feeder 0.02 0.25 0.03 0.03 0.02 0.03 0.05

Source: Monthly substation Data of TD, BPC
Note: The load of 33/11kV substations is included in their respective source feeders.

11
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Figure 3: Feeder wise peak power demand of ESD Samdrupjongkhar

As can be seen in Figure 3, besides anomaly in the year 2013-2014 the graph shows a gradual

increase in the growth of peak load over the last seven years.

The load carrying capacity of a feeder is determined by the line length and degree of load

connected in addition to other parameters like ampacity capability. The majority of power

distribution in the Dzongkhag is through the 33kV and 11kV system and the type of conductors

used are mostly ACSR-Rabbit and Dog. Table 7 exhibits the ampacity capability of the conductors

at different voltage levels. Ampacity capability (thermal loading) of the lines have been calculated

based on IS 398 (Part-I1): 1996 for maximum conductor temperature 85°C for ACSR conductors

considering an ambient temperature of 40°C.

Table 7: Thermal loading of ACSR conductor at different voltage levels

S1. No. ACSR Conductor Ampacity of Conductor MYVA rating corresponding
Type to the Ampacity
33 kV Voltage Level
1 RABBIT 193 11.031
2 | DOG 300 17.146
3 | WOLF 398 22.748
11 kV Voltage Level
1 RABBIT 193 3677

12
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ACSR Conductor MYVA rating corresponding
SI. No. Ampacity of Conductor
Type to the Ampacity
2 DOG 300 5.715
3 WOLF 398 7.582

The distribution network is developed using the ETAP software based on the existing and the
forecasted load for the assessment. The assessment is then carried out for the following case
scenarios. The upcoming LAPs, bulk load/industrial load sanctioned by DCSD, BPC is also being
considered. These power demands are added to the peak load forecast of that year when the load

is anticipated to come online and to the subsequent years.

a) System Study with Existing System
b) System Study with future load: 2025 scenario
C) System Study with future load: 2030 scenario

a) System Study with Existing Load

A load flow analysis of the existing system was carried out considering the 2019 peak load. From
the simulation result, it shows that all the feeders would experience an optimal voltage drop (within
+10%) at the substation bus as well as at the end of feeders. Hence, it is evident that the distribution
network has adequate capacity to deliver the power to the customers without any additional

investment.

b) Assessment of MV Feeder Capacities with Forecasted Load

The peak power demand presented in Table 6 has been considered to forecast the power demand
for the next 10 years (2020-2030). Linear Regression Method (LRM) in conjunction with Time
Series Analysis (TSA) is adopted to forecast the load as detailed in Annexure- 3. The summary

of the forecasted load for the feeders is tabulated in Table 8.
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Table 8: Feeder wise load forecast of ESD Samdrupjongkhar

SL Total Forecasted Load Growth (MW)
No. Name of Feed