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1.1 Strategic Environmental
Assessment

The requirement by Japan International
Cooperation Agency (JICA)

All master plan studies like the Project are
required to implement a strategic
environmental assessment according to
JICA’s “Guidelines for Environmental and
Social Considerations (2010) “.

1.2 Strategic Environmental
Assessment

1. Identification and integration of environmental
concerns and goals at the earliest planning and
designing stages of policies, plans or programmes.

2. Where there are threats of serious or irreversible
damage, the lack of full scientific certainty should
not be used as a reason for postponing measures to
prevent environmental degradation.

IUCN Pakistan formulated Strategic Environmental Assessment Rules (Draft), 2014
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1.3 Strategic Environmental
Assessment

3. Consideration of all feasible alternatives to avoid
and prevent adverse effects and cumulative effects
on the environment during the planning and
designing stage, including the alternative of not
proceeding to develop the policy, programme or
plan.

4. Ensuring transparency and accountability in
Government decision-making, including the
documentation of results and the provision of free
public access to information.

IUCN Pakistan formulated Strategic Environmental Assessment Rules (Draft), 2014

1.4 Strategic Environmental

Assessment
Project Stage Environmental Considerations
[ MASTER PLAN } «— [ SEA ]
y 4 N\
[ FEASIBILITY STUDY } «— EIA
\§ J
4 Y 2\
4 N\
DETAILED DESIGN «— MaEn’;‘g?m"Z‘ni“;lan
. J/ \_ )
\4
4 2\
CONSTRUCTION —__
. J/
MONIRORING/
v / FOLLOW-UP

[ OPERATION }

Source: JICA Expert Team
w3 -129




1.5 Strategic Environmental
Assessment

Types of SEA: Examples

PPP Geographical MP
area
. . National Energy Policy, National
Nation wide Land Development Policy
Policy . .
. Energy policy at a provincial or
Region L
district level
Nation wide Upgradl_ng National Power System
Expansion Plan
Programme . Power plan / road development plan
Region o .
at a provincial or district level
Project City City plan or transportation plan

Source: JICA Expert Team

CONTENTS

1. Strategic Environmental Assessment

2. SEA studies in other countries: Sri Lanka
and lreland

3. Objectives and organizations
4. Methodology of the SEA
5. Progress of the SEA
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2.1 SEA studies in other countries

Sri Lanka: Development Planning on
Optimal Power Generation for Peak Power
Demand

Source: CIA World Factbook: https://www.cia.gov/library/publications/the-world-factbook/geos/ce.html

2.2 SEA studies in other countries
Sri Lanka

Pumped Storage Power Plant
An option for peak power generation

Source: : Development Planning on Optimal Power Generation for Peak Power Demand (JICA, 2015)
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2.3 SEA studies in other countries
Sri Lanka

N
» Selection of Suitable Power Generation Option for

Sercuy  Peak Power Demand(1st SHM)

J
» Study on 10 Candidate Sites of PSPP )
Syl * Review of Long-term Power Development Plan )
\
« Selection of 3 Promising Sites (2" SHM)
« Study on the 3 Candidates
SEEEE] . Selection of the Most Promising Site (31 SHM)
J

Source: : Development Planning on Optimal Power Generation for Peak Power Demand (JICA, 2015)

2.4 SEA studies in other countries
Sri Lanka

Inundated forest area
mpact t
Natural Impacts on fauna and flora Impacts on protected areas

environment Impacts on endangered species (especially fish and other
aquatic species)

Number of those who to be resettled
Area of land to be appropriated

Impacts on local Impacts on water utilization (e.g. drinking water

communites Impacts on utilization of forest and grassland
Social Impacts on public facilities (e.g. school)
environment Agriculture
Impacts on industries Forestry
Tourism
Impacts on cultural Religious and/or cultural facilities
heritages Impacts on landscape

Source: : Development Planning on Optimal Power Generation for Peak Power Demand (JICA, 2015)
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2.5 SEA studies in other countries
Sri Lanka

Three
promising sites
Maha2, Maha
3 ° e Loggal
Halgran
3

Source: : Development Planning on Optimal Power Generation for Peak Power Demand (JICA, 2015)

15

2.6 SEA studies in other countries

Sri Lanka

Score

1. Technical Evaluation 25.00 15.50 22. 00
2. Economic Evaluation 25.00 18.75
3. Natural Environment 25.00 7.25

12.50
6.25
7.20

4. Social Environment 25.00 17.50 10.35 9.40

Total 100.00 59.00

Source: : Development Planning on Optimal Power Generation for Peak Power Demand (JICA, 2015)

16
A3 - 133




2.7 SEA studies in other countries

Ireland: Implementation Programme

2011- 2016, EIRGRID @

IP: 5 year SEA
TDP EAR
TDP EAR
TDP EAR
TDP EAR
IP: 5 year SEA

TDP

TDP: Transmission Development Plan, IP: Implementation Programme
EAR: Environment Appraisal Report

17

Source: SEA Statement of the GRID 25 Implementation Programme 2011 — 2016 (EIRGRID, 2013)

2.8 SEA studies in other countries

Ireland

Constraint factors Opportunity factors

A\

Special Area of
Conservation

Ramsar Sites
National Parks
UNESCO Sites
Elevation > 200 m
Slope > 30 degrees
Settlements

>
>
>
>
>
>
>
>

proposed NHAs

vV VY

Lands and Estuaries

Special Protection Area

YV VY

Natural Heritage Areas /

Natural Land Use types

Existing transmission lines
National priority roads
Slope < 30 degrees

Non natural land use
areas excluding
settlements

Source: SEA Statement of the GRID 25 Implementation Programme 2011 — 2016 (EIRGRID, 2013)

18

W3- 134




2.9 SEA studies in other countries

Ireland

Sensitivity Map
Implementation
Programme for GRID 25

Source: SEA Statement of the GRID 25 Implementation Programme 2011 — 2016 (EIRGRID, 2013)

2.10 SEA studies in other countries

Benefits of the implementation of SEA

» to avoid / minimize negative impacts at early
stage of project;

» to involve stakeholders to make the
formulation process more effective in terms of
better decision-making for evaluation of the
master plan; and,

» to enhance capacity of counterpart agency
and other related agencies for undertaking
environmental and social considerations from
early stage of development project.
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3.1 Objectives and organization

Goal of the SEA

« SEA for the Project will enable the Government of
Pakistan and the people to save their time and efforts
at a project formulation stage in future that usually
goes with an Environmental Impact Assessment.
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3.2 Objectives and organization

Objectives

> to facilitate sustainable power resources utilization for
the country;

» to avoid, mitigate and minimize adverse
environmental impacts and/or cumulative
environmental impacts, and to enhance positive
impacts; and,

> to strengthen and support implementation of
environmental and social considerations at planning
stage.

3.3 Objectives and organization

Organization

The SEA Team is established to efficiently implement
the SEA. The SEA Team consists of Environmental and
Social Impact Cell, NTDC, the JICA Expert Team and
Sustainability Through Environmental Professional
Services (STEPS).
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4.1 Methodology of the SEA
Flow of the implementation

Consistent and clear objectives

I
Formulation of TOR

Collection of Baseline Data

| 1st SHM

Scoping
I
Formation of Sensitivity Map
I
Impact Assessment and mitigation measures
I
Discussion of alternatives
I
Monitoring system and method
I 2nd SHM

Recommendations
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4.2 Methodology of the SEA
Collection of Baseline Data

1. General information on Pakistan
2. Natural environment
3. Social environment

4.3 Methodoloqy of the SEA
Baseline Data: General
information on Pakistan

« Relevant laws, acts, degrees

 Natural conditions (climate, topography, fauna and
flora, natural disasters, protected areas)

« Social conditions (economical condition, population,
ethnic composition, industry and agriculture, gender,
cultural heritage, poverty)
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4.4 Methodology of the SEA
Baseline Data: Natural
environment

» National Parks

« Wildlife Sanctuaries

 Game Reserves

« Ramsar Sites

» World Natural Heritage sites (including the proposed sites)

» Important Bird and Biodiversity Area (proposed by BirdLife
International, international bird conservation NGO)

» Other sensitive sites to be protected, if any
» Geographical information such as slope, flood prone areas

4.5 Methodoloqy of the SEA
Baseline Data: Social
environment

 Cities and/or settlements

* Roads

 Rail roads

« Airports (international and domestic)

« World Cultural Heritage sites (including the proposed
sites)

 Military facilities
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4.6 Methodology of the SEA
Baseline Data

STEPS visited relevant 43 stakeholders in May 2019

* Federal government: NDMA, NHA, National
Commission for UNESCO, Bureau of Statistics

« Provincial governments: 4 provinces
« NGOs

4.7 Methodoloqy of the SEA
Scoping

C Evaluation
ate-
No. Environmental Item Planning and construction Operation & monitoring Explanation of impacts
gory
stages stage
1 | Air quality
2 | Water quality
E 3 | Wastes
E
O 4 | Soil contamination
=
-% 5 | Noise and vibration
E 6 | Subsidence
7 | Odor
8 Sediment
= 9 Protected areas
Q
g g 10 | Ecosystem
=}
Sz 11 | Hydrology
]
= 12 | Topography and geology

« Scoping of the SEA is conducted.

« The above scoping table is used for this exercise.
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4.8 Methodology of the SEA
Scoping

The table is commonly used in JICA projects. The
table covers 30 items in the following fields.

> Pollution control
» Natural Environment
» Social Environment

» Others (accidents and transboundary issues)

4.9 Methodology of the SEA
Scoping: tentative items

Item

SEA

Protected areas

Ecosystem

Topography and geology

Involuntary resettlement

Land use and utilization of local
resources

Existing social infrastructures and
services

Cultural heritages

ST S S INININS
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4.10 Methodology of the SEA

Sensitivity Map: tentative layers

» Protected areas
» Ramsar sites

» Important Bird and Biodiversity Areas (IBAs)

» Sloped areas
» Flood-prone areas

» World Heritage Sites (including the sites in the

tentative list)
» Populated areas
» Airports

4.15 Methodology of the SEA

Populated cities

: Population
No. Name of city 2017
1 KARACHI CITY 14,910,352
2 LAHORE CITY 11,126,285
3 [FAISALABAD M.CORP. 3,203,846
4 RAWALPINDI CITY 2,098,231
5 GUJRANWALA M.CORP. 2,027,001
6 PESHAWAR CITY 1,970,042
7 IMULTAN CITY 1,871,843
8 HYDERABAD CITY 1,732,693
9 |ISLAMABAD METROPOLITAN CORP.| 1,014,825
10 QUETTACITY 1,001,205

Source: Bureau of Statistics, Pakistan

http://iwww.pbs.gov.pk/content/provisional-summary-results-6th-population-and-

housing-census-2017-0
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4.17 Methodology of the SEA
Airports

Obstacle Limitation Surfaces of an airport

Source: Aerodrome Safeguarding Workshop (International Civil Aviation Organization, 2017)

CONTENTS

1. Strategic Environmental Assessment

2. SEA studies in other countries: Sri Lanka
and Ireland
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5.1 Progress of the SEA

Consistent and clear objectives

I
Formulation of TOR

Collection of Baseline Data

| 1st SHM
Scoping
I
Formation of Sensitivity Map
I
Impact Assessment and mitigation measures
I
Discussion of alternatives
I
Monitoring system and method
| 2nd SHM

Recommendations

Your comments, opinions are highly
appreciated.
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Thank you for listening.
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The Project for the Study of
Upgrading National Power System
Expansion Plan

in
The Islamic Republic of Pakistan

22 October, 2019

Japan International Cooperation Agency
NEWJEC Inc.

Today’s Agenda

1. General
2. Network map of 2040 system model
3. Study for Alternatives
4. Precondition of Power System Analysis
- Generator setting
- Analysis standard
- Demand allocation
5. Analysis Result (Summer and Winter (peak/off-peak))
6. About Pre-FS
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Overall schedule of transmission
system M/P

Month| 1 [ 2 [ 3 [ 4 [ s [ & [ 7 [ 8 | o [ 10 | 11 [ 12 13 | 14 | 15 | 16 [ 17 [ 18 | 19 20 21 | 22 23 24
Cv2019 Y2020
Year/
1 2 | 3 | a 5 6 | 7 | 8 [ o 10 11 12 1 2 | 3 4 | s 6 7 8 9 10 11 12
Original schedule] E 5 a ¥ s
Transmission sytem master plan | Dispatch {15y (and) (ard) (aeh (5th) (@) () (8th)
11[ Review of demand forecasst - = N <
2 52 s
12| Review of generation plan H & 5 § = -:
1 T £ T3 g3 = s g
| P of wamsmssion system £ 82 £3 2 : 2
with system analysis ; ERs] g S : § ':”
14| Economic and financial analysis 2 29 5 = ® £
8 £ s
o] Strategic envronmental | T
men;
Preliminaly study of prioritized — T
projects 5 ;5' $ .E,
- lection of priority projects 5= g g g
24 Selection of priority project 5= u & 8
Preliminaly study for gz s 5 3
S s A £ E
Ervironmental social s & 2 e =
2-3 ® © Fl c
considerations a8 2 g 5
24| nalysis of project cost — —
N _ = > o 5 3months
loption 2 D d G 0 G Y
H
H
(Proposal) Revised schedule} H ter plan ( 8 month
Transmission sytem master | """
plan (1s6) (2nd) (36d) (4th) (5¢h) (bth) (7th) (8th (9th
Review of demand 7 - B [a
11 o (=] °
forecasst < de |8 o =
s St 3 2| @
o = SN2 E T 3 £
15| Review of generation & & 2 85 |2 5| 3 S|
plan 3 s £ Is55 8 5| £ g o 5
1 8 2 £ = S| < £ S g
Planning of transmission E = z 22% SN S = N a
; = 2 & 487 e £ S =
13| system with system 5 3 L 5|5 3 T = 5
analysis ] s 5 B 3 £ = &
< o} @ = £
14| Economic and financial a £ E &
N = s
analysis 3 W &
Strategic environmental CnE Tt e
21 assessment Priogress b o
eting o
p— ory B = o — [
Preliminaly study of - o Gdcaf: Efel o
prioritized projects = - 3
= = o
= = E= «
| setection of priority 2 = = = = 5
projects E ‘;Sj 5 & 9
_ s £ 7 s
Preliminaly study for 2 t & T = =
2 |22| transmission line and 2 S 2 8 %= S ic
=1 a a P Z§ = &=
substation k3 2 g 23 3 |
= 2 Z g
S = §| 3¢ £ S
Environmental social S £ 2| g5 P
2.3, s < 5 <
considerations ® 2 &8s
e &| d=
24 j
Analysis of project cost Spction of 3 projectsffor
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2040 NTDC Network Map
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Northern Hydro transmission technique

AC 765kV

AC 500kV

System
Diagram
. To demand area - To demand area . To demand area
Reliability 4+ 4t St
Feasibility ++ + tt
(Note) 2 routes 3 routes 1 route good
Cost +++ ++ + T+
Short distance (260km) A
Total Estimation +t + ++ N
bad
Note : Buniji - Maira routes can be only secured 2 routes from Dasu research report
Southern Thermal transmission technique
HVDC AC 500 or 765 or 1000kV
Existed Existed
_system  MUL  FBD | HE LHE MUL FBD  LHE
AN s e O e Y i O 1 ]
System i : g R
Diagram i i .- oo akmas smvarasrs
| ! 3 Above equipment will be required
aaal :
i 1 | | |
H L T I
RN SECRE
Reliability et +
Power transmission clearly difficulty
in terms of static stability
Feasibility s + oo
3 routes Too many routes N
Cost ++t + v
. . +
Total Estimation e + bad
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Demand Area supply method

Loop Radial
s/s SIS SIS O
S/S
500k_V System Demand DemandO
Diagram (Urban) (Urban)
Area Area
S/S S/S O
@ O ssNL
() sis
Reliability et +
Transmission is possible
even if on 1 route is cut off
Feasibility +++ +
difficult to create a G/S in the city center f_‘fi
Cost +++ +
High cost to use underground line
Total Estimation +++ + o
Example of Urban Network in 2040 model
- loop
Faisalabad area Islamabad area

Urban
Area
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Criteria for power system analysis of this submission 1

Study year :

2040

Used data : NPCC demand and generation record in 2018, PSSE 2025 model

Demand and power source condition

Study cross section Demand Power source

Total : approx. 80GW (incl. T/L loss)

(Hydro****) ROR:68.2%  Reservoir : 90%***

Peak (IGCEP 2040 normal case demand) e & (YRR
Area : Demand allocation to each 220kV G/S (AEE RN B 05
. i~ ) ) (Renewable) Solar : 34.5%  Wind :48.9% Bio: 49.6%
Summer 15:00 according to DISCO’s scale and growth rate in el e e fe i Ve land ey
Power Market Survey 2017-27
(Jun-) - 5 o, A= o 0/ % % *
Ol Ratio of average demand during off-peak st RO.R : ?5'7/° Iiis*ervmr 68%
HEEL hours in Jun. based on operational records in Irrigation : 70%
2018 to sun{mer eakdgmand (Renewable) Solar : 8.3%  Wind : 41.5%  Bio: 50.3%
07:00 p And adjust the rest with Thermal and Nuclear
. 0, H . 0,
Peak Ratio of average demand during peak hours in el RO.R : ?26 Reservoir : 39.2%
Feb. based on operational records in 2018 to Irrigation : 23.8%
19:00 sunﬂ;mer eak dgmand (Renewable) Solar: 0%  Wind:12.2% Bio:39.4%
Winter ’ p And adjust the rest with Thermal and Nuclear
- . 0, ir . 0,
Fsles) Ol Ratio of average demand during off-peak st RO.R : ?636 Reservoir : 10%
LS hours in Feb. based on operational records in I 35131 B Al
2018 to sum.mer eakdepmand (Renewable) Solar : 0%~ Wind : 10.7%  Bio:39.1%
04:00 p And adjust the rest with Thermal and Nuclear

:Monthly average peak (or off-peak) occurrence hour in 2018
: Monthly average utilization rate in 2018

*%* . The utilization rate can’t cover supply in 2018

*#%% . Designed power source line capacity is 100%

Criteria for power system analysis of this submission 2

Renewable energy

T e

Hydro Informed planned
development points

Photovoltaic  Equal allocation according

to demand amount

Generated power is set each 220kV G/S according
to 220kV G/S demand

Wind Sindh area

Power system standard Reference : NTDC Grid Code 2005

T

Continuous rated capacity

Heat capacity (Transmission line) 100%
(Transformer) 2 units : 75% 3 or 4 units : 100%
Voltage Rated voltage : +-5%

* Operation status : Driving all generators

* Generator reactance : Xd” (subtransient reactance)
Fault aspect : 3LS

* Upper limit : 63kA (765,500,220kV)

Short circuit current

* T/L Fault point : At the near end of a power plant / substation
Transient stability ¢ 3LG-O fault clearing time : By 5 cycle (0.1sec.)
*» Stability condition: The generators can continue to operate without out-of-phase
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Criteria for power system analysis of this submission 3

Transmission lines

Thermal capacity
Voltage class Type of conductor [MVA/cct]

220kV TACSR/AS 810 Double 1,560
500kV ACSR/AS Drake 795MCM Quad 2,940
765kV ACSR/AS Drake 795MCM Quad 4,500
Conditions
A N
Emissivity 0.9 0.9
Solar Radiation 0.1 W/cm? 0.1 W/cm?
Wind Velocity 3 feet/s 3 feet/s
Ambient Temperature 40 degree 40 degree
Conductor Temperature 90 degree 150 degree
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Example study model as of 2047

Power System Map

ng

Total 2040-47 growth :40GW

Demand allocation
by DISCO unit

Evenly or not?

&>
Southern 20GW?

DISCO
??GW

Where? Where?

The amount of transmission
equipment changes greatly depending
on the generator’s locations
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PSSE 2040 Model

Demand Peak Off-Peak Peak Off-Peak
Completed Completed Completed Completed
Item Installed Capacity Output Output Qutput Qutput
MW % MW % MW % MW % MW
Hydro 1|ROR 3,844.5 68.2% 2,621.0 55.7% 2,142.8 52.0% 1,999.5 26.3% 1,010.7
2|Reservoir 27,425.5 90.0% 24,683.0 68.0% 18,649.4 39.2% 10,745.7 10.0% 2,755.8
3|Irrigation 8,782.8 90.0% 7,904.5 70.0% 6,148.0 23.8% 2,093.9 14.3% 1,257.1
Thermal 4{0il 4,858.3 82.5% 4,008.1 82.5% 4,008.1 0.0% 0.0 0.0% 0.0
5|Natural Gas 2,506.0 90.0% 2,255.4 90.0% 2,255.4 50.0% 1,253.0 50.0% 1,253.0
6|RLNG 5,608.0 90.0% 5,047.2 90.0% 5,047.2 60.0% 3,364.8 50.0% 2,804.0
7|Domestic Coal 26,730.0 90.0% 24,057.0 90.0% 24,057.0 90.0% 24,057.0 65.0% 17,3745
8|Imported Coal 5,595.0 90.0% 5,035.5 90.0% 5,035.5 90.0% 5,035.5 60.0% 3,357.0
Renewable 9|Solar 6,500.0 34.5% 2,241.6 8.3% 539.1 0.0% 0.0 0.0% 0.0
10{Wind 8,141.5 48.9% 3,980.6 41.5% 3,379.2 12.2% 989.5 10.7% 871.4
11|Bio 473.4] 49.6% 234.9 50.3% 237.9 39.4% 186.4 39.1% 184.9
Nuclear 12|Nuclear 4,635.0 90.0% 4,171.5 90.0% 4,171.5 68.3% 3,165.7 68.3% 3,165.6
Others 20|Others 913.6 50.0% 456.8 50.0% 456.8 50.0% 456.8 50.0% 456.8]
Total 106,013.6 86,697.1 76,127.8 53,347.8 34,490.9
Loss 2,601 2,284 1,600 1,035
Demand 83,575.3 74,310.6 52,716.6 35,070.4
Balance 521 -467 -969 -1,614
Demand Peak
43,000.0f 100.0% 43,000.0
Iltem Supply Capacity Output
MW % MW
Hydro 1|ROR 2,1835 97.0% 2,117.2
2|Reservoir 11,423.6 94.1% 10,752.1
3|Irrigation 8,782.8 96.3% 8,459.0
Thermal 4(0il 4,858.3 94.2% 4,578.5
5|Natural Gas 2,506.0 93.8% 2,350.8
6|RLNG 5,208.0 68.2% 3,5650.3
7[Domestic Coal 2,970.0 100.0% 2,970.0
8[Imported Coal 5,595.0 99.7% 5,580.0
Renewable 9[Solar 1,687.4 44.9% 757.2
10{Wind 1,1415 43.0% 491.3
11{Bio 4734 95.9% 453.9
Nuclear 12|Nuclear 4,635.0 98.2% 4,5652,5
Others 20[Others 913.6 96.0% 877.5
Total 52,378.0 47,490.3
NPCC 2018 Record (Monthly Average) Summer (June) Winter (February)
Demand Peak (15:00) Off-Peak (07:00) Peak (19:00) Off-Peak (04:00)
26,741.0 \ \ \ |
Iltem Installed Capacity Output Output Output Output
MW % MW % MW % MW % MW
Hydro 1|ROR 581.0 68.2% 396.1 55.7% 323.8 52.0% 302.2 26.3% 152.8]
2|Reservoir 2,907.0 59.9% 1,741.9 40.6% 1,180.5 39.2% 1,139.0 10.0% 292.1
3|lrrigation 6,131.0 52.6% 3,227.9 47.4% 2,904.8 23.8% 1,461.7 14.3% 877.5
Thermal 4{0il 6,436.6 34.9% 2,243.2 27.1% 1,745.6 16.5% 1,063.5 5.6% 361.6
5|Natural Gas 4,209.0 57.5% 2,421.9 58.0% 2,442.9 53.3% 2,241.5 51.3% 2,159.3
6|RLNG 7,415.0 65.6% 4,864.1 60.7% 4,502.3 38.4% 2,850.3 20.4% 1,510.0
7|Domestic Coal 150.0 0.0% 0.0 0.0% 0.0 0.0% 0.0 0.0% 0.0
8|Imported Coal 2,640.0 82.7% 2,183.2 79.5% 2,097.9 64.0% 1,689.7 53.9% 1,424.1
Renewable 9|Solar 500.0 34.5% 172.4 8.3% 41.5 0.0% 0.0 0.0% 0.0
10{Wind 1,184.5 48.9% 579.1 41.5% 491.6 12.2% 144.0 10.7% 126.8;
11{Bio 306.0 49.6% 151.8 50.3% 153.8 39.4% 120.5 39.1% 119.5
Nuclear 12|Nuclear 1,330.0 68.8% 915.2 69.1% 919.6 68.5% 911.0 68.3% 908.4
Others 20|Others 0.0 #DIv/0! 6.0 #DIV/0! 3.0] #DIv/0! 0.0] #DIV/0! 0.0
Total 33,790.1 18,902.9 16,807.4 11,923.3 7,932.1
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1. Standard Specification of Conductors

[765kV]

Type Nos of Bundle Nos of Circuit| Thermal Capacity
ACSR/AS Drake 795MCM | Quad (4 Bundled) Double 5,080 [MVA/cct]
[500kV]

Type Nos of Bundle Nos of Circuit| Thermal Capacity
ACSR/AS Drake 795MCM | Quad (4 Bundled) Double 3,320 [MVA/cct]
[220kV]

Type Nos of Bundle Nos of Circuit| Thermal Capacity
TACSR/AS 810 mm? Twin (2 Bundled) Double 1,700 [MVA/cct]

Type Nos of Bundle Nos of Circuit| Thermal Capacity
ACSR/AS Rail 954MCM Quad (4 Bundled) Double 1,560 [MVA/cct]

v’ It is desirable to apply AAAC conductor in the south area of Pakistan.
v’ It is desirable to apply LL-ACSR conductor in case of the large capacity
and the long line length of T/L’s.

2. Conditions of Thermal Capacity Calculation

Conductor Temperature 90 degree 150 degree
Ambient Temperature 40 degree

Wind Velocity 3 feet/s

Solar Radiation 0.1 W/cm?

Emissivity 0.9
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Basic Spec for future substation (500kV)

- Transformer

Voltage Capacity Qty | Total
(kV) (MVA) (unit) |(MVA)

500/220 1,000 4,000
(1 phx3) 750 4 3,000

- Circuit Breaker

Rated
Voltage | Breaking
(kv) Current Operation
(kA)

40

50 Hydraullc
63 SF6 Gas or Spring

- Configulations of 500kV Substations

Main Bus
Configuration

Voltage

(k) Type Typical Configuration

- Outdoor, Conventional (AlS)

Transformer:3-4unit

500/220 AIS Includes Hybrid type GIS . ) . 1-1/2
- Outdoor / Indoor, Gas Insulated (GIS) e
Basic Spec for future substation (220kV)

- Transformer
Voltage Capacity Qty | Total
(kV) (MVA) (Unlt) MVA
220/132 1,400
(3 phase) 250 4 1,000

- Circuit Breaker

Rated
Voltage | Breaking
(kv) Current Operation
(kA)

40
50 Hydraullc
63 SFG Gas or Spring

- Configulations of 220kV Substations

Main Bus
Configuration

Voltage

(k) Type Typical Configuration

- Outdoor, Conventional (AlS)
220/132 AIS Includes Hybrid type GIS
- Outdoor / Indoor, Gas Insulated (GIS)

Transformer:3-4unit 1-1/2 or
Circuit Breaker:12-15unit Double Bus
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1. Demand allocation procedure

By DISCO

Calculate
[> Allocate to each

demand : :
grid station**

growth

Note (*): consider scale and growth rate of each DISCO
Note (**): Apply DISCO growth rate regardless of grid station growth records

- Used document : The IGCEP and Power Market Survey(PMS) information
- Each grid station demand records : Data collected from 2025 system calculated by PSSE
- The growth rate of peak demand per DISCO : From PMS 2017-26
- The growth rate between 2027 to 2040 : The growth rate in 2026
(Even if the latest PMS is issued, it will not be revised.)

2. Allocate peak demand to each DISCO

Based on total growth amount allocation, allocate it to DISCOs according to the scale and
growth forecast of each DISCO (Peak demand called MW)

Calculate the MW growth by DISCO, by fiscal year

Expected MW growth MW record or forecast
. . . Growth rate
in the next FY by each = in a certain year by X by DISCOS [%] /100
DISCO[MW] DISCOs [MW] 4 >
Based on PMS From PMS From PMS

According to the ratio of MW growth of each DISCO to the total MW growth,
Calculate distribution amount of each DISCO based IGCEP MW growth
(PMS MW growths are converted IGCEP MW growths)

[ Expected MW growth in the J

next FY by each DISCO [MW]

MW Distribution MW growth
amount of a DISCO = of IGCEP X
at a certain FY [MW] [MW] expected MW growth in J
the next FY of all DISCOs[MW]

The MW growth ratio of
each DISCO at a certain FY in PMS
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Attachment-3

3. Result of allocation (by sum total of DISCO)

16000
14000
12000

10000

8000

6000

4000

B ' I
0

PESCO GEPCO FESCO IESCO LESCO MEPCO SEPCO HESCO QESCO

'Mw]

MW G/S Pass(PSSE2025)  m Growth 2026-40

Demand growth: demand forecast of IGCEP (2026-40:43,963MW)
Demand growth rate: PMS 2017-26
DISCOs scale: PMS 2017-26

Attachment-3

4. Formulate by each grid station (Transformer)

Procedure

Calculate

By S/S

Allocate to each

demand

rid station*
growth 8

Note (*): Assume that the growth rate of demand in DISCO is constant

[ MW in 2018 by each grid J

MW Distribution MW Distribution station [MW]
amount of each = amount of a X
grid station [MW] DISCO [MW] [ Total MW in 2018 at a ]
DISCO[MW]

K

The MW ratio of gfid station
based on 220kV Tr passing power
in PSSE2025

Confirm that the sum of the forecasted values for the grid station matches the IGCEP forecast

4
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At 2018

After allocation

A G/S
500
MVA

CG/S
400

MVA

5. To allocate grid stations (220kV)

Attachment-3

Because it’s difficult to forecast the MW ratio of
each grid station, The power demand is allocated
by the ratio of a certain DISCO and transformer
demand ratio in the region. (Power factor =0.95)

1000
MVA

=)

B G/S
600
MVA

CG/S
400
MVA

-

Increasing demand

Acertain year ¢, 1400 x 500/(500+200+300)
A G/S

When the load factor of the transformer exceeds
100%, new grid station is distributed to the urban

area near the relevant substation.

But NTDC's opinions about existing grid station
expansion margin and regional information are

needed.

Overloaded

(S00KV G/S's Trs)
Place a 500kV G/S in the vicinity

to shift the load

After eliminating all
500kV Trs overload

6. To allocate grid stations (500kV)

The Allocation flow of a 500kV G/S at a certain DISCO is shown below.

Allocate demand to existing 220kV G/Ss until 2040

N

Connect a new 220kV G/S in consideration of the

Attachment-3

Not overloaded
(500kV G/S’s Trs)

of the 500kV transformers

Overloaded
(500kV Trs)

Add or change connections
between 220kV G/Ss to adjust load

After eliminating all
500kV Trs overload

v
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7. Criteria for grid expansion

Application for transformer capacity in final grid station form

765kV : 1,200MVA x 4 units

500kV : 750MVA x 4 units

220kV : 250MVA x 4 units

(In existing substations, 250MVA (220kV) and 750MVA (500kV) transformers are
added until there are 4 units.)

Criteria for allocation and expansion

- Add new transformer if the grid station capacity exceeds 100%.

- Add new grid station if the transformer numbers exceeds 4 units.

- Consider supplying the 220kV grid station from another 500kV grid station in
the case of the overloaded 500kV grid station.

- The locations of the new grid stations are near where the urban area is close to
the overloaded grid station and many of them are referenced the 2030
network model of Lavalin’s report.

A3 - 162




220kV Substation demand Allocation

S/S Installation date Attachment-2
[ T Installation

New Substation

Name of Name of

NodeNo. Substation Substation(PSSE)

DISCO Total
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Summer Peak

Summer Peak
Power Flow Power System Map




|:| : Voltage range (+-5%)

Bus Voltage (500kV)

Bus Voltage (765kV)
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Short Circuit Current (220kV Center Area)

Short Circuit Current (220kV Northern Area)

Reduction required
(over 63kA)

o
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Max : 67.2kA
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Chilas — Inter SW/S line fault (Chilas side)

Reference phase : N. Jelum and Bunji

Bunji — Chilas line fault (Bunji side)

Reference phase : N. Jelum and Buniji
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Basha — Chilas line fault (Basha side)
Reference phase : N. Jelum and Buniji
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Bunji — Basha line fault (Bunji side)
Reference phase : N. Jelum and Buniji
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Basha — Mardan line fault (Basha side)
Reference phase : N. Jelum and Buniji
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FBD CS Bus fault
Block time : 0.1 [sec] Block V : 0.65 [p.u.]
Reference phase : N. Jelum
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MUL CS Bus fault
Block time : 0.1 [sec] Block V : 0.65 [p.u.]
Reference phase : N. Jelum
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LHE CS Bus fault
Block time : 0.1 [sec] Block V : 0.65 [p.u.]
Reference phase : N. Jelum
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Sahiwal S/S Bus fault
Block time : 0.1 [sec] Block V : 0.65 [p.u.]
Reference phase : N. Jelum
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Summer off-Peak

Summer off-Peak
Power Flow Power System Map




|:| : Voltage range (+-5%)

Bus Voltage (500kV)

Bus Voltage (765kV)
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Short Circuit Current (220kV Center Area)

Short Circuit Current (220kV Northern Area)

SNLIN
——— ¥NdA3WHY
———— ViNVHNS™ " 0
—— NVILSIHO
T —— NO)d-S3V
k-] —— L-HYVO'N A.W
= TT——— 4NdWISYD o
2 ———— Q8dvHNVr B =
o _ ——— 4VH3IA T - «
cs $0-a84 0 5
S® TVAYN © o
S P M3AN =
=R ——— NN < 5
r o ———"dd ONTY mu\ c
M3N NVITV1 © o w
adIaNNNS = —= g
g a1V S £ g i
< S-3HOHY1 8 S Y E
S5 ———— NVINaVHS 00 5 -
15 ——— NMOL-180I c -
%< ———-33718nr = N ~ o
———— 0dadve
=< —— unsw wn =
AYINMYHS =
D ———— NVINAVHS W %
I”INANNS [Vp) ©
ay-1ZvHO o C - -
Z-a¥anNng O a
N-SYOHY1 €
—— 022-dvD Lo
8 R 383 ¢ 8 & e ° | m
[w{] Juang ynoaiD Woys (7)) rnlu < ! °
T © S ® 8§ % 8 8 8 v ~ @ @ 3 8 o©
- 7 : : : ; ; 5 5 S S S S
w mnm ['8ap] @ouaJayip aseyd ['n-d] e8e1jopn
3
33
— % m. — OYVHO n s
© © — O HYINL
HLYON-1%1S P} =3 — S YN
— HNHSVd e —— (Y VVH
—— ¥NdYIN < m Z-dIdINIHP
—A N1} c — S =
YYD o —VIAN Y m N N
< —— NYHM-4YINO c = VIONY> ~m
o s HIVHE-IHOH1 5 o aw @
3= VNV Fe) s (10YQ B o
0 ——— NVAvVa [ i "YdMHS » <
x 8 ——— _ ®
T 0ZZ-VIONVYIN —— (0N m. e i
=< :vIdHvE > i OUONT 5 € 5 3
———— n-aawisl bOn i (INNO 4 a3 2 o
D M-agsl ~N —1IHOY =) g £
——— vHLONE'D N VRIS = =
v138uvL = =GN, S5 _- ~ ~
Y YMVYHSId c —— 7Y/ 1TND Y <
T VYddvSdvHO [0} = YYAZNHY ) .
——— ¥vavo-avHs = i 1S c o
VHIHSMON S —— /11300 = %
I"Y4HSON | VIVHOT
VHHISNYIV ..PW T eas % .m. a -
—_— = — -
— uw_muwo nUu — 02Z-ING c o
— bt — 7-HO) C O
=l 6 — ) 5
="gOHZ o I
y - °
—— \oaHs £ c g 39 g g e o = @ T
HVYMVYHS3d o -~ © w ¥ o o < C oy D b ¥ 5 D @0 g S S S S B
R 8 8 ¢ 8 R ¢ ° < vl uaung yno1 yoys nw % ['83p] s2uiayyp 3seyd ['n-d] a8e3jon
[w3i] Jusng INo1I) Hoys 2

w3 - 171




Basha — Chilas line fault (Basha side) Bunji — Basha line fault (Bunji side)

Reference phase : N. Jelum and Bunji Reference phase : N. Jelum and Bunji
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FBD CS Bus fault
Block time : 0.1 [sec] Block V : 0.65 [p.u.]
Reference phase : N. Jelum

MUL CS Bus fault
Block time : 0.1 [sec] Block V : 0.65 [p.u.]
Reference phase : N. Jelum
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LHE CS Bus fault
Block time : 3.0 [sec] Block V : 0.65[p.u.]
Reference phase : N. Jelum
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Winter Peak

Winter Peak
Power Flow
Power System Map
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|:| : Voltage range (+-5%)

Bus Voltage (500kV)
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Short Circuit Current (220kV Center Area)

Short Circuit Current (220kV Northern Area)
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Basha — Chilas line fault (Basha side)
Reference phase : N. Jelum and Buniji

Phase difference [deg.]

-20

-25 N
Time [sec.]

0 1 2 3 4
Time [sec.]

Bunji — Basha line fault (Bunji side)
Reference phase : N. Jelum and Buniji

Phase difference [deg.]
B 5] &

)
o

]
o

Time [sec.]

[N}

o o o
A O 0 =

Voltage [p.u.]

o
[N}

o

s
N

Time [sec.]

Basha — Mardan line fault (Basha side)
Reference phase : N. Jelum and Buniji

Phase difference [deg.]

-20

-25
Time [sec.]

0 1 2 3 4
Time [sec.]

A3 -178




FBD CS Bus fault
Block time : 0.1 [sec] Block V : 0.65 [p.u.]
Reference phase : N. Jelum
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LHE CS Bus fault

Block time : 0.1 [sec] Block V : 0.65 [p.u.]
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Winter off-Peak
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|:| : Voltage range (+-5%)

Bus Voltage (500kV)

Bus Voltage (765kV)
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Short Circuit Current (500kV Northern Area)
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Short Circuit Current (220kV Center Area)

Short Circuit Current (220kV Northern Area)
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Basha — Chilas line fault (Basha side)
Reference phase : N. Jelum and Buniji

Phase difference [deg.]
© R, N W B U O N ® ©
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Bunji — Basha line fault (Bunji side)
Reference phase : N. Jelum and Buniji

Phase difference [deg.]
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o
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Basha — Mardan line fault (Basha side)
Reference phase : N. Jelum and Buniji
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FBD CS Bus fault
Block time : 0.1 [sec] Block V : 0.65 [p.u.]
Reference phase : N. Jelum
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MUL CS Bus fault
Block time : 0.1 [sec] Block V : 0.65 [p.u.]
Reference phase : N. Jelum
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LHE CS Bus fault
Block time : 0.1 [sec] Block V : 0.65 [p.u.]
Reference phase : N. Jelum
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Sahiwal S/S Bus fault
Block time : 0.1 [sec] Block V : 0.65 [p.u.]
Reference phase : N. Jelum
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Classification & Outcome for Pre Feasibility
Study & Feasibility Study

1. Definition

Pre Feasibility Study  BRIEF STUDY to confirm feasible project or not before starting F/S.
In case, “Not feasible” are become clear, F/S must stop.

Feasibility Study CAREFUL STUDY of how a planned activity, how much cost and income
based on Pre F/S

2. Outcome Documents

Pre Feasibility Study  Following documents are enough to determine the project feasibility.

. Simplified SLD : No details required, confirm BoQ purpose

. BoQ for Main Equipment : No BOP materials, estimation purpose

. Simplified Project Schedule : No details, imaging overall schedule

. Ambient Condition : To confirm “no special” condition are required.
. Substation Plan : To confirm necessary area of substation.

. Tentative T/L route (by Google Earth) :

. Rough Cost Estimation

. Detailed SLD for main circuit and BOP
. BoQ for all equipment

10. Project Schedule (draft)

11. Substation Layout (Plane / Section)
12. T/L route (Investigated)

13. ESIA

Feasibility Study

O 00 NOUDWN R

13

Classification & Outcome for Pre Feasibility
Study & Feasibility Study

1. Substation Plan at Pre F/S

Allocation of substation equipment
to confirm proper land space or Not.

2. Substation Layout at F/S

Accurate drawing are applied
by detailed engineering.

14
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The Project for the Study of
Upgrading National Power System
Expansion Plan

Considerations on the Generation
Operation of NPCC in 2018

October, 2019

Japan International Cooperation Agency
NEWJEC Inc.

1. Outline of the Received Data

POWER STATIONS \"rfllé‘"”iv PAGE - 8 (A) WE;:‘:‘S: 2op= jﬂ,‘ ,ﬁ\ﬁ Hj jJ (MW)
— o oo Tow om oo o 3 T T T N T R A ol 1IROR 6 581.0
o1 o1 2|Reservoir 8 2,907.0
5 o0 | w0 | a0 | om0 [ o0 [ om0 [ w0 | w0 | w0 | o0 | o0 | o | o | s [ aom R
- I o | = = - 3|Irrigation 4 6,131.0
z - o = 1= {|Thermal 4|0il 21 6,436.6)
> o1 = 5Natural Gas 9 4,209.0
o = 6|RLNG 14 7,415.0
oz | o2 | ooz | se2 ] | =N ) | B 7Domestic Coal 1 150.0
= Sllmle e rallaes = | | B
o N I T T N T T T T I I I I I T
ot - 8llmported Coal 2 2,640.0
o = e e e e e e e e e e e e e e e e | |Renewable 9Solar 5 500.0
oo 513 o | o | s | we [ me [ o [ e | e | mme | woe | wee | s | s | o | o | | s | | e 10\Wind 23 1,184.5
:::::47 A:u A:u A:s A:s A:s A:s A:s A:s Azo Azo Azo A:s A:D A:D A:z A:z A:z A:z z:z 1 1 B io 7 306.0
Genco-nt 144 | 1240 | 1240 | 190 | 1148 | 1148 | 1140 | 1390 | 1420 | 1225 | 1220 | 1ass | 1ass | 1ams | naso | naer | 1ass | 1aer | o2 | NUClear 12|Nuclear ) 1,330.0
= XN R N N N N N N N Y N B B | oo >00thers 5 -

I Original Data I | Type of Sources, Number and Capacity I

Data Source NPCC (National Power Control Center)

Period January 15t to December 31th

Contents Hourly Record of Generation (kWh) per plants

Remarks - Although records of KE system are not included, transmitted amount to

KE is recorded.

- It is not load demand but sum of power generation amount and
regulation load management is assumed to be the total actual demand.
- Actual performance of generation is utilized for the PSSE input.
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2. Generation Record (Monthly Average x 24 hours)

Monthly Average of Daily Power Generation (MW)

25000

\j\§

15,000

——

M

10,000

fonth

January

4

1)

4

April 13536 13753 12,897 705 12946 13058 12997 13277 13843 14,184 14.451 2 14215 14429 14691 14438 14479 13574 14363 14969 14972 14,479 14107 334490 14977 21 12,708 4
May 15676 15761 15666 15473 15309 15229 15476 15919 16436 16379 16555 16402 16612 16949 17059 16766 16699 16131 16205 17258 17358 17.067 16363 16083 390829 17358 21 15228 6
June 17342 17601 17561 17495 17175 16865 16807 17243 17830 17978 18255 18453 18583 18837 18903 18622 18212 17548 17188 18218 18391 18254 17,657 17700 428720 18,903 15| 16,807 7
July 18008 18109 17,908 17655 17766 17501 17,248 17668 18269 18485 18807 18950 19005 19,345 19463 19352 18891 18122 17533 18911 19130 19,013 18856 18983 442087 19463 15 17,248 7
18,709 18026 18037 18057 18,421 18857 18943 18994 X 7

Septembe 17,145 16926 16499 16,152 15978 16043 15743 16127 16988 17,401 17634 17571 17,722 18140 18,097 17,907 17,258 16558 17,799 18327 18066 17,934 17979 17.520 413517 18,327 20 15743 7
October 12,145 11941 11575 11.36¢ 11,334 11727 11,742 12020 12,763 12,933 13235 13191 13216 13420 13844 13780 13335 13689 14,050 14060 13689 1318C 13030 12424 307,692 14,060 20 1133 5
November G105 8775 8588 8481 8712 973 10269 10367 11,097 11,221 11403 11302 11,09 10986 11206 11,230 11307 12197 11,934 11658 11,004 10268 10037 949 751506 12,197 18 8481 4
December 8455 8141 793 7,861 8115 9184 10045 10439 11,146 11,382 11628 11,545 11299 11,064 11,237 11,326 11251 12141 12,005 11,632 10,952 10551 9,715 9,001 248251 12,141 18 7.861 4
Ave Annu 13203 13014 12786  12,61C 12673 13116 13448 13713 14294 14477 14702 14683 14636 14749 14,883 14757 14504 14,398 14722 15048 14835 14458 14023 13705 337430 15048 20 12610 4
Ave_Winte 9646 9302 9076 8968 9145 10107 10,890 11,060 11£22 11,784 11978 11,930 11750 11,663 11,828 11785 11610 12104 12523 12232 11754 11208 10642 10136 264745 12523 19 8968 4
Ave_Sumr 16760 16726 16495 16251 16202 16125 16,006 16365 16964 17070 17.426 17436 17522 17.835 17,938 17730 17397 16692 16922 17865 17.916 17.708 17405 17.275 410133 17.938 15 16,006 7
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|
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Narch

——ay

—— e
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-

——Septemcer

—

0100

8.710
8,542

0200

8,374

10,400

0300

5185

0400

7,932

0500

8340
8,158
10,208

0600

5,410
9,402
11182

0700

1
10,741
11,49¢

0800

11171

11,514

0900

11418
11,290
12,027

1000

11,606

1100

11788
11,618
12,198

1200

11,680
11,555
12,309

1300

11499
11,300
12,091

1400

11,354

1500

11373

1600

11414

1700

11175

1800

12,168

1900

12,490

2000

002

2100

2200

2300

9,929

2400

5,296

Total

(MWh) (M

8
247,413

Peak
(Time)
1

off-
(Mw)
8,106

(Timy

»  Maximum daily peak of monthly average is shown in August, Peak ;19,576 MW at 21:00 and Off-peak;17,767MW at 07:00.
> Minimum daily peak of monthly average is shown in February, Peak ;11,923MW at 19:00 and Off-peak;7,932 MW at 04:00.
> Daily difference between peak and off-peak is relatively smaller. The ratio of peak/off-peak is 89.2%. Meanwhile, difference is more

clearly shown in winter season with the ration 66.5%. In general, difference is tended to be shown in summer season when the
demand of air conditioners in daytime is high but it is not shown in the records. It is assumed that peak demand in summer season is
not satisfied due to the regulation load management.

3. Generation Record (Generation Maximum X 24 hour)

Series of Power Generation (Daily)

2010712018

Series of Power Generation (Daily)

W Nuclear W Imported Coal WROR W Wind —Nuclear —Domestic Coal —ROR
s Bio RLNG moil —Wind Bio Natural Gas
Irrigation 3 REG. LOAD MNGMT RING Others Irrigation

Generation Maximum (July 24th)

Generation Peak 20,811MW (22:00)
Off-peak 17,664MW (07:00)
Demand Peak 24,490MW (15:00)
Off-peak 21,008MW(07:00)

Annual maximum generation was recorded in July 24t at 22:00, 20,811MW. However, maximum demand of the day is 24,490MW at
15:00 and there is the gap of 3,679MW. Operation of power generation is mainly regulated by the hydropower and oil thermal power
on July 24, others Natural Gas, RLNG, Import Coal and Nuclear is operated to be responsible for the base load.

All power plants generated electricity within the available capacity but expensive oil power plants are limited to operate.

N3 - 187




4. Generation Record (Maximum Demand X 24hour)

Series of Power Generation  (Daily)

040812018
o

040672018 Series of Power Generation (Daily)

—ROR
Natural Gas
Irrigation

—Nuclear —Imported Coal
Solar

—Wwind I
—oil

' ROR ' Wind

RLNG moil
€1 REG. LOAD MNGMT.

Generation Maximum (June 4th)
20,596MW (20:00)

Generation Peak
Off-peak 18,432MW (07:00)
26,741MW (17:00)

Peak
Off-peak 21,894MW (05:00)

» Maximum peak demand in 2018 was recorded on June 4t at 17:00 with 26,741MW. Peak of generation was 20,596MW at 20:00. The
gap between supply and demand was 6,145MW. Output of hydropower pants was low on this day and oil power plants supplemented

Demand

this gap. Natural Gas, RLNG, Coal and Nuclear plants are operated as base load.

5. Generation Record (Generation and
Demand Minimum x 24 hour)

Series of Power Generation (Daily)

Series of Power Generation (Dally)

2mn0s

21012018

0000

—Nudear
—Wind

RLNG

€1 REG. LOAD MNGMT.

Generation Minimum (January 27th)
12,777MW(19:00)

Generation Peak
Off-peak 7,147TMW (05:00)

Demand Peak 15,397MW (19:00)
Off-peak 9,913MW (05:00)

» Minimum peak generation in 2018 was recorded on January 27t at 19:00 with 12,777MW. However, there was still the gap between

demand and generation. Minimum peak demand is recorded on January 26, almost same value..
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The Project for the Study of
Upgrading National Power System
Expansion Plan

in
The Islamic Republic of Pakistan

Video conference

November, 2020
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1. Outline of action plan

* Project period: until March 2021
* Meeting: Online meeting (1st, 2nd, 3rd | 4th)
* Completion of Technical Documents: End of March 2021

Item November December January February March
1IW|2W 3W 4W|[1W|2W 3W 4W[1W 2W 3W 4W|[1W 2W 3W|4W|1W 2W|3W [4W |1V
1st on-line Meeting \ 4
2nd on-line Meeting vV
3rd on-line Meeting v
4th on-line Meeting v
Compilation of Discussion —
Preparation of Technical Documents —
Submission of Technical Documents A
Discussion period Documentation period

< > < %

|

2. Progress of the Project

N

February 2019 Holding kick-off meeting
June 2019 Submission of Interim Report based on IGCEP2040(Draft)
July 2019 Provision of PSS/E software to NTDC
Discussed and agreed to change the reference to be based on
Lli72ARk (IGCEP2047)
May 2020 Sharing of IGCEP2047(Draft) with consultant
Implementation of the study of long term power system expansion
plan and pre-feasibility study based on IGCEP2047(Draft)
October 2020 Preparing technical documents based on the study result

November 2020 Sharing of technical documents as Training Material (Draft) with NTDC
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3. Overview of the Technical Document

o

Present Status of Power System Facilities

Review of Power Demand Forecast

Review of IGCEP

Review of Existing Power System Expansion Plans
Formulation of National Power System Expansion Plan
Preparing a Power System Development Plan
Strategic Environmental Assessment

Outlook for Power Cost in the Power System Expansion Plan

o 0 N o U kA W DN PRE

Pre-F/S of Priority Projects

4. Key subjects for discussion
Revised 24/11/2020

Concept of bulk power  UHV backbone system which connects northern and
system southern power generation to the central demand area

Renewable Energy How to deal with RE in the power system expansion plan

Pre Feasibility study 3 projects are proposed based on NTDC's priority list
Economic and Financial Estimates of wheeling cost based on long term power
Analysis system expansion plan

Strategic Environmental . .
6 Result of SEA in the power system expansion plan

Assessment

T/L corridor (North) Result of transmission line corridor study based on GIS
data in north (large hydropower plant to grid) and in south

T/L corridor (South) (large coal-fired power plant to central grid)

Modeling of HVDC system which is a key technology of

HVDC UHV backbone system

Wrap-up Additional discussion of the subjects if necessary
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5. Schedule of on-line discussion

Revised 24/11/2020

7

I R S

25 November

9 December

11 December

16 December

23 December

Wed.

Fri.

Wed.

Wed.

10-12

10-12

10-11

10-12

10-12

The 1st on-line meeting
The 2nd on-line meeting
The 2.5th on-line meeting
The 3rd on-line meeting

The 4th on-line meeting

v’ Reference materials to explain subjects in each meeting is shared before the meeting

v’ Tools for on-line meeting

6. Request for the comments on the

Technical Document

Request: Comments on the Technical Documents

Deadline: 237 December 2020 (4™ discussion)

w3 -192
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The Project for the Study of

Upgrading National Power System
Expansion Plan

Overviews for the NPSEP

November 18, 2020

Japan International Cooperation Agency
NEWJEC Inc.

CONTENTS
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THE NPSEP2047

3. UNDERSTANDINGS OF IGCEP2047 DRAFT
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1. Existing Power System

Existing Power System

» The distance between northern capital city Islamabad and southern city Karachi is about 1,150 km, and the northern and
southern area are connected by 500kV transmission lines which are the backbone of 500kV power system.

» Northern hydro power plants (Tarbela hydro power plant 4,888MW, etc.) and southern thermal power plant (Port Qasim coal
thermal power plant 1,320MW, etc.) are connected to S00kV power system, the generation power is transmitted to the main
consumption area, Lahore located in northern-middle area.

» Un even distribution of generation sources and concentration of the power demand is the one of unique characteristic.

2. Approaches for the NPSEP2047

Power Demand IGCEP2047 Draft
Forecast (May, 2020)

Formulation of Power System Plan
FY:2030,2040,2047

Power System Analysis
Study Case : peak point, off-peak point
Iltems: power flow, voltage,
short circuit current etc.

» Study years are 2030, 2040 and 2047. Rain season, dry season, peak point, off-peak
point are studied for each year.

» In the interim report 2, the results of peak point in rainy season and off-peak point
in winter season are detailed.
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3. Understandings of IGCEP2047

(1) Concentration of the Power Demand in the Central Area

25000

20000

peak Demand [MW]

M Current as of 2020

W Growth until 2047

15000

10000 12972
5000 I
& =
EREEEEREY.

0
LESCO GEPCO FESCO IESCO MEPCO PESCO HESCO QESCO TESCO SEPCO

85.0 GW.

» In terms of electricity demand in the NTDC's jurisdiction, the Punjab province, which is located in the
middle of the country, accounts for 62.6 GW out of the total demand of 103.0 GW, with LESCO, FESCO,
MEPCO and GEPCO. If the jurisdiction of PESCO and IESCO is included in this, the total demand reaches

» These jurisdictions include Lahore, Faisalabad, Multan,
cities, which pose a challenge to the efficient transmission of power from the power plants to the
demand areas and the supply of power in the metropolitan areas.

Gujarat, Peshawar, Islamabad and other large

3. Understandings of IGCEP2047

(2) Un even Distribution of Power Sources

Demand &Power >

Sources

The most important features of the power
generation development plan in Pakistan are the
development of abundant hydropower reserves in
the north and coal-fired development in the Thar
coalfield, the fourth largest reserve in the world, in
the south.

By 2047, hydro development will amount to 46 GW,
with most of it located in the northern mountainous
region The construction of these northern
hydropower-to-demand transmission lines s
envisaged to be a major development in an alpine
region unlike any other in the world.

Domestic coal-fired power development in the
southern Thar coalfield is planned at 32 GW. In
addition, the wind corridor in Sindh is envisaged to
be developed at around 9 GW.
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3. Understandings of IGCEP2047

(3) Un even Distribution of Power Sources

Two characteristics of the overall concept of the grid development plan are;

» Uneven distribution of power sources, namely, northern hydropower and southern coal-fired
power and wind power

» Concentration of the power demand in the central area.

>

>

>

These characteristics are the already-existing problems, but these will become more apparent until
2047.

In the case of a more compact grid configuration, ga I-fired plants powered by natural ga, or RLNG are
envisioned to supply electricity to the vicinity of the demand areas, but this will lead to an increased
reliance on a relatively more expensive imported fossil fuel. Hydroelectric power and domestic coal-
fired power are superior in terms of energy self-sufficiency and economic efficiency, and are planned to
be developed as main power sources in IGCEP 2047, although environmental impacts need to be fully
considered.

Therefore, how to realize the connection between huge power sources and power demand area is the
most important topic for the National Power System Expansion Plan

4. Basic Concept for the NPSEP2047

A simple grid structure with a longitudinal traverse
from north to central demand area and south to
central demand area, making grid operation easy
Critical urban demand is firmly supported by UHV
transmission from northern and southern sources
to achieve a high level of reliability. Back-up is
ensured even in the event of a failure, such as a
disruption of the northern or southern route due
to weather conditions

Simple and reliable
power system

The general advantage of DC transmission is the
flexible ability to add converters when transmission
capacity shall be increased.

Power development projects, including those for
northern hydropower and southern thermal power
plants, are subject to unexpected delays and
changes in plans, whereas DC transmission is
flexible and can be ramped up incrementally. It is
economically advantageous.

Incremental upgrade by
DC transmission system

» Considering the focal characteristics in power demand and power generation from IGCEP2047 Draft, “the

Large Scale Power Sources and UHV Transmission Lines” is proposed for the basic concept of the National

Power System Expansion Plan.
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5. Outline of the Power System in 2047

UHV Transmission Lines
(Northern Hydro)

» Two routes of 765kV AC transmission lines (Manshera SS-Islamabad West SS and Mardan
North-Faisalabad West)

« Two routes of =800 kV DC transmission lines (Chilas CS-New Sialkot CS)
(Southern Thermal Power, Renewable Energy)

« One =660 kV DC transmission line route

(Matiari CS-Lahore South CS)

» 3 routes of =1000kV DC transmission lines (Thar CSs-Luliani CS, Faisalabad CS and Multan
CS)

» In addition to the UHV transmission system, the construction of a grid that allows for the decentralized deployment of
solar and RLNG-fired power near the demand areas, as the bulk power system by 2047 is also planned.

> In large cities, we will construct highly reliable 500kV power systems based on a circular structure to achieve high
power supply reliability.

» The power supply in rural areas such as TESCO and QESCO will be strengthened through the construction and
enhancement of new 500 kV/220 kV systems, where demand is expected to grow.
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1. ARE Policy 2019

>
>
>
>
>

The Renewable Energy Policy 2019 is being prepared as a component of the overall plan, the long-term integrated energy
plan of Pakistan that is currently under development. It envisions the development of an efficient, sustainable, secure,
affordable, competitive and environment friendly power system, while promoting indigenization of energy resources and
development of local manufacturing capabilities in such technologies.

The main objectives of the Power Policy are:

To provide the least cost power generation while keeping other constraints in mind
To ensure fast track and transparent development of power projects

To encourage and ensure utilization of indigenous resources

To be attuned to safeguarding the environment by increasing "green" energy

To encourage private sector investment through attractive rates of return

Specific targets are being set under this policy and may be amended from time to time. Presently, the GOP has set the target
of at least 20% renewable energy generation by capacity by year 2025 and at least 30% by 2030.

In order to achieve these targets, the GOP will procure a larger percentage of new capacity from ARE policy 2019, keeping in
mind the constraints of base load versus variable generation requirements and the hybrid solutions of ARET that are nearing
base load capacity factors

2. Capacity Addition of RE until 2047

Installed Capacity (MW)

RE 5% (W :3%, S :1% and B :1%) RE 21% (W :10%, S :9% and B :2%) RE 32% (W :14%, S :17% and B :1%) RE 24% (W :8%, S :15% and B :1%) RE 22% (W :6%, S :16% and B :0%)

Annual Power Generation (GWh)

RE 4% (W :2%, S :1% and B :1%) RE 17% (W :10%, S :5% and B :2%) RE 26% (W :14%, S :9% and B :2%) RE 16% (W :8%, S :7% and B :1%) RE 15% (W :6%, S :8% and B :1%)
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2.

Capacity Addition of RE until 2047

Capacity Addition (MW)

Sources 2020 - 2030 2031 - 2040 2041 - 2047 Subtotal
Hydro 10,752.0 25.7% 43140 87% 31,077.0 74.4% 46,143.0 34.6%
Qil -4,728.4 -20.8% -1,6183 -3.3% 0.0 0.0% -6,346.7 -4.8%
Natural Gas -954.0 -4.2% -1,614.0 -3.2% -747.0 -1.8% -3,315.0 -2.5%
R-LNG 2,955.0 13.0% 18,978.0 38.2% 620 0.1% 21,9950 16.5%
Local Coal 49940 22.0% 23,785.0 47.9% 3,108.0 7.4% 31,887.0 23.9%
Import Coal 2,280.0 10.0% 00 0.0% 0.0 0.0% 2,280.0 1.7%
Nuclear 3,300.0 14.5% 0.0 0.0% 0.0 0.0% 3,300.0 2.5%
Baggasse 6535 2.9% 0.0 0.0% 0.0 0.0% 653.5 0.5%
Wind 9,241.3  40.7% 0.0 0.0% 0.0 0.0% 92413  6.9%
Solar 12,2939 54.2% 5831.0 11.7% 8,297.0 19.9% 26,4219 19.8%
Interconnection 1,000.0 44% 0.0 0.0% 0.0 0.0% 1,000.0 0.8%
Total 41,787.3 49,675.7 41,797.0 133,260.0

Y

Vast amount of RE will be introduced during 2020 to 2030 in order to achieve the target of ARE Policy 2019.
9.2GW of wind, 12.3GW of solar and 0.6GW of Baggasse will be newly installed in this period.

After that, solar will be the main resource for the capacity addition of RE. 5.8GW during 2031 — 2040 and 8.3GW during
2041 — 2047 will be introduced respectively.

Although huge amount of RE is planned to be installed, identified projects listed in IGCEP2047 are limited. Wind is 0.9
GW and solar is 0.4 GW.

Most of new RE projects are proposed as “Generic Candidate” which were defined as unidentified projects with only
installed capacity. Their exact location has not been mentioned in the IGCEP2047 draft.

3.

Wind Power

» There is a very high potential for wind power in Sindh and Barochistan. Development of Sindh Wind Corridor has
been in progress around Jhimpir and Gharo and some new projects are also being planned. According to AEDB, the
wind corridor in Sindh is spread over an area of 9,700 km? and is expected to have a total potential of 43 GW.

» The wind potential of Barochistan province is scattered in Haran in the west and Washap around the Iranian border.
The potential is very high and is expected to be developed as a wind corridor similar to Sindh. On the other hand, the
bulk power system is not connected to this area. It seems that it is possible to connect these areas to the 500kV
substations such as Shikarpur, Dadu and Quetta, but the development plan has not been prepared as of this moment.

» Considering the above the situation, the NPSEP shall be formulated based on the assumption that 8.3 GW Generic
Candidates of wind power plants will be developed at Sindh Wind Corridor.
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4. Solar Power

From the aspect of solar radiation, Barochistan and Sindh have rich potential. On the other hand, GHI in the northern
area such as Islambad and Peshawar is 1,727 — 1,844 kWh/m2/year which is also equivalent to the capacity factor of
20.4%. Such a solar radiation level is envisaged to yield a competitive generation cost when compared to gas or other
thermal fuels. And, it is possible to develop solar power plants throughout Pakistan.

Introduction of solar power plants by 2047 is expected to reach 26.5GW. Identified projects are only 0.4GW and Generic
Candidates are 26.1GW. How to allocate this huge capacity is an important topic.

While location of wind power is based on the potential, the solar plants can be distributed owing to their flexibility when
it comes to site selection. On the other hand, selection of solar power plants for IPPs tends to focus on land use and
radiation, in other words, the economic efficiency. And it may lead to the concentrated development of solar power
projects in the hotspots, which will have negative impact on the power system operation.

Basic approaches for the introduction of solar power in NPSEP are “Decentralization” and “Harmonization”.

4. Solar Power

\7

Following steps are practically proposed for the consideration of location and capacity of solar power plants in NPSEP.

*  Committed projects in IGCEP2047 are listed.

* Development Plan in promising potential area located near the demand area. And potential area, which have vast land such as

Bahawalpur in southern Multan and Hyderabad Thall in western Faisalabad, are considered.

* Remaining capacity shall be distributed based on the demand of 220kV substation.
As for ii), there are some promising areas with large solar potential and vast land near the demand area. Interconnection to the bulk power system is
expected to be easier and large scale development of a “Solar Park” is expected in these areas. It is consistent with “Decentralization” and
“Harmonization of the power system”.
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