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Chapter 1. Project Overview (background, history and objectives) 

 

1.1. Project Background and Context 

Pakistan continued to experience a serious shortage of electricity supply capacity. However, efforts 
to ensure a stable power supply based on the National Power Policy 2013 have helped to resolve the 
electricity supply shortage in recent years, and as of 2018, the system had a supply capacity of 27,715 MW, 
compared to a maximum demand of 26,700 MW. Moreover, the project was designed to ensure sufficient 
reserve capacity and to develop distribution facilities to meet this reserve capacity from 2019 onwards. The 
supply capacity with sufficient reserve capacity and the corresponding distribution facilities have been 
developed. 

However, with such an increase in the size and complexity of the electricity system, there is an urgent 
need to strengthen the basic operational skills of operation and maintenance engineers, especially those 
involved in the transmission and substation facilities of the distribution system. 

Under these circumstances, in order to strengthen the training department of the National 
Transmission and Despatch Company (NTDC), which is responsible for the transmission and distribution 
business in Pakistan, the Government of Japan, at the request of the Government of Pakistan, is providing 
paid account technical assistance under the "The Project for Improvement of Training Capacity on Grid 
System Operations and Maintenance" (2011-2014) and the grant assistance "The Project for Strengthening 
Training Center on Grid System Operations and Maintenance" (2016-2018)  From this assistance, basic 
operational capacity has been improved through the effects of simulator training and other training 
programs. 

In the course of this process, on the other hand, a lack of competence in operational work in the event 
of faults and disturbances in transmission and distribution facilities or power system incidents has been 
observed. In order to maintain and improve the capacity for more advanced operation and maintenance 
work, this project provided practical training support for the operation of substation monitoring and control 
systems and emergency operations in the event of power system faults, as well as support for the 
improvement of technical skills such as basic analysis of system faults and calculation skills for setting 
protection relays. In the course of carrying out these tasks, it was conducted a new investigation into the 
causes of the faults, prevention of recurrence and recommendations for measures and early restoration 
against the blackout that occurred throughout Pakistan in January 2021. The study revealed that the power 
system in Pakistan was prone to slight disturbances that immediately spread to widespread power outages, 
and that the situation was likely to become more serious in the future. For this reason, in making 
recommendations, it has been tried to convey the importance of the particularly sensitive nature of the 
power system, as clearly shown by the recent fault, as well as the various measures that need to be taken. 
However, it is strongly desirable to improve the basic capabilities for stabilizing power systems and 
ensuring security, since the maintenance and improvement of technology for individual state-of-the-art 
power facilities and equipment has taken precedence, while analysis and response technology for the 
dynamic behavior of the entire power system is still in its infancy, and there is a lack of on-the-job training 
for engineers due to inadequate automatic recording of disturbances to the system. 

 

1.2. Project Objectives 

1.2.1. Support for On-Site Technical Support for Power Transmission and Distribution Facilities 

Following on from the support for the maintenance and improvement of practical skills in the 
operation and maintenance of power transmission and distribution facilities up to 2018, the project provided 
support in response to increasingly sophisticated on-the-job work, with the aim of strengthening the 
development of grid station operation (GSO) simulator functions, strengthening the training system for 
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their use and implementing training, and strengthening the training function of the system protection relay 
operation simulator, which enables modelling of the behavior of power systems. Through this support, the 
project mainly aimed to improve substation staff's know-how on preventing operational errors and their 
ability to respond and react quickly in the event of system and facility abnormalities, as well as to improve 
the quality of power system data preparation methods and system understanding among control center staff 
and basic command operations in the event of a system fault. 

 

1.2.2. Technical Assistance to Prevent Recurrence of Major Blackout Incident 

In response to a request to investigate the cause of the 9 January 2021 national blackout incident and 
to provide recommendations for the prevention of recurrence, the basis was the collection of information 
on the power system immediately prior to the fault and all fault information, including the operational status 
of the power plant and transmission and substation equipment involved in the fault and the operation of the 
grid control system. Although the necessary information was extremely limited compared to the Japanese 
case, the fault spread over a wide area in seconds was clarified and the cause of the fault spread was 
determined by using an excessive stability analysis calculation that reproduced the system disturbance after 
the fault. In addition, the various forms of disturbances that can spread over a wide area, such as those 
caused by phase faults in the recent operational state of the grid, were clarified and used as the basis for 
measures to prevent the recurrence of widespread major power outages. The study has shown that the 
NTDC power system has an inevitable tendency for short duration ground faults to spread to all system 
disturbances due to the constant northward power flow from the south coast of low-cost coal-fired and 
nuclear power in Pakistan, and that this tendency will become more pronounced with the increase in demand 
in the near and medium future term. On the other hand, the main protection relay for long-distance 
transmission lines, which prevents the spread of system disturbances, has an inadequate fault clearing time 
of 0.1 s (0.05 s in Japan) for the elimination of faults on transmission lines, and the transmission line fast 
reclosing function immediately after tripped is also inadequate in the old system. In addition, the system 
stabilization and protection relay system, which prevents and limits the spread of system disturbances, is 
limited to a few system separation function systems and is almost functionally inadequate. 

In consideration of this situation, it has been proposed to promote an understanding of the grid 
structure as a factor in the spread of faults, and recommendations have been made on the necessary 
measures for the preparation of protection relays as numerical type and grid stabilizing relay systems. 

In addition, it is extremely important to ensure the proper operation of the under-frequency relay 
(UFR), which is used for emergency demand suppression in order to recover within a few seconds from a 
large frequency drop caused by a sudden shortage of supply power in the event of a fault like split the grid. 
For this UFR operational measure, a frequency analysis method that takes into account the system 
characteristics and the precise setting of the operating function were also recommended. However, there 
have been frequent cases where NTDCs and power supply plants of other companies have been 
disconnected from the UFR during its frequency recovery control to protect power supply equipment, 
leading to major blackouts with no effect on the UFR control, and the progress of mutual coordination 
measures between the companies remains difficult. 

In order to accurately assess the need for the various grid protection relay measures and grid 
stabilization measures mentioned above, and to formulate concrete plans and promote their smooth 
implementation, there is an urgent need to analyze various power system disturbance phenomena and to 
raise and disseminate power system technology to identify grid protection control measures that can prevent 
fault spill-over. Therefore, above all, it is considered necessary to promote the acquisition of system analysis 
technology and to support the development of advanced system protection and control technology by 
utilizing this technology. 

In the event of a blackout, all power plants must be shut down and power distribution facilities must 
be restored to a state of no-voltage as soon as possible. When restoring all such blackout facilities, an 
important first step is the smooth initial transmission of power via transmission lines from distant 



1-3 

hydroelectric power sources to quickly start up supply power. However, abnormal phenomena often occur 
at transmission lines energization in this first step. The restoration procedure requires sophisticated power 
supply command operations to avoid abnormal phenomena, and including securing power supply for 
thermal power supply start-up as the second step, and restoring each power plant supply capacity and 
balancing local demand supply as the third step.  The blackout in January 2021 took 22 hours to restore, 
and detailed support was provided for the blackout early restoration operation method and their operation 
rules, which was based on the Japanese established method including the wide-area blackout early 
restoration measures established from the perspective of absolute avoidance of long-term blackouts in 
critical areas including the city centers of Japan’s utilities. The support was also provided in detail, including 
practical improvements such as periodic simulator training. In order to maintain the effectiveness of the 
support, it will be necessary to strengthen and improve the communication channels between dispatch 
control centers and between dispatch control centers and gid stations, as well as to support techniques for 
analyzing abnormal transmission line phenomena during restoration. 
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Chapter 2. Issues and Management in Project Implementation 

 

2.1. Establishment of the JCC 

The project was implemented by holding a kick-off meeting on 11 June 2021 with the participation 
of relevant stakeholders and selecting the members of the Joint Coordination Committee (JCC) to be held 
approximately once every six months for decision-making and coordination with relevant organizations. 
The NTDC agreed to proceed with the participation of the following members. 

At the kick-off meeting, the Japanese project team proposed the clarification of the major power 
outage that occurred across Pakistan in January 2021 and support for countermeasures. After reviewing the 
proposal, the NTDC agreed to proceed with the technical assistance as part of the project. 

 

2.1.1. Establishment of Working Groups (WGs) and Roles of WGs 

Together with the JCC, the members of the Working Group ('WG'), which is to be established as the 
implementation structure of the Project, were discussed with the NTDC and selected as shown in Fig. 2.1 
below. In order to smoothly implement the Project, three WGs were formed with NTDC and Japanese 
experts, such as improving the training capacity and training functions of TSGs for operation and 
maintenance of transmission and substation facilities, proposing a framework (strategy, system, budget, 
etc.) for human resource development at NTDC, and preparing various manuals on practical operation of 
GSOs and protective relays. Organized WGs were as follows; 

 

WG1: System Design  

WG2: GSO Simulator Training/ Human Resource Development 

WG3: Protection Relay Training/ Human Resource Development 

 

Pakistan side  Joint Secretary NTDC, Ministry of Energy (Power Division) 

 Joint Secretary EAD, Ministry of Finance Revenue and Economics 
Affairs 

 Managing Director, NTDC 

 General Manager, TSG NTDC (Project Director) 

 Chief Engineer, TSG North (Project Manager) 

 General Manager, Asset Management/GSO North NTDC 

 General Manager, Power System Planning NTDC 

 General Manager, HVDC NTDC 

Japan side  JICA Headquarters (Energy and Mining Group, Infrastructure 
Management Department)  

 JICA Pakistan Office  

 Project Team (Consultant) 



2-2 

 

Fig 2.1 Organization of Working Groups 
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Chapter 3. Activities 

3.1. Holding of the JCC 

In order to facilitate the project, a JCC (Joint Coordination Committee) was held once every six 
months to report on the activities of each WG and to review the progress of the project. The JCC was held 
three times during the project period. The contents of each JCC session were as follows. 

 

3.1.1. 1st JCC 8 December 2021 

(1) Agenda. 

 1) About the New System Diagram 

It was decided to reflect the ±660 kV HVDC, CASA1000, AC500 kV, AC765 kV, WP, SP system in 
the new system diagram, and the first draft was presented for discussion. It was decided to continue the 
study in WG1. 

 2) Provision of PC Version Simulator 

As the GSO simulator installed at the TSG alone limits the number of personnel who can participate 
in the training, it was decided to provide 22 PC version simulators with the same functions as the GSO 
simulator installed at the TSG at the main substations. Two of these simulators were to be used by the 
consultants to prepare simulation cases and procedures, and were to be handed over to the NTDC at the end 
of the project. 

 3) Counter Measure for Blackout 

It was decided to investigate the causes of the Blackout that occurred in January 2021 and blacked 
out the entire country of Pakistan, and to study measures to prevent a recurrence. In the course of the study, 
it was requested the submission of recorded data on relay operation, circuit breaker operation and UFR 
settings at each power station. 

In addition, technical training using the X-TAP software developed by the Central Research Institute 
of Electric Power Industry in Japan was proposed as a technology for analyzing the excessive stability of 
power systems, which was accepted. 

The need to prepare a procedure document on how to re-energize power from blackout was explained 
and discussed by the NPCC. 

 

3.1.2. 2nd JCC 16 November 2022 

(1) Agenda 

 1) New system diagram 

The results of the WG1 study of the system diagram, which included all ±660 kV HVDC, CASA1000, 
AC500 kV, AC765 kV, WP, SP requested by the NTDC, were explained and agreed upon. 

It was decided to reflect this system diagram in the GSO simulator installed by the TSG and the PC 
version of the simulator. 
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 2) Human resource development using the GSO simulator 

The following items to be introduced in Japan were explained and its introduction at the NTDC was 
strongly recommended. 

- Utilization of the GSO simulator to improve the skills of substation and control centers staffs in 
normal operation, isolation of fault points and restoration operation at the time of a fault, and to 
increase their motivation in Japan.  

- The outline of the skills certification system implemented by the Japanese Electric Power Company, 
which has proven effective. 

 3) Blackout analysis and recommendations on measures to prevent recurrence 

The results of the power system analysis of the blackout that occurred in January 2021 were explained 
and the following nine items were recommended for improvement. 

 

(i) Application of digital current-differential relay as main protection relay for transmission line 

(ii) Shortened operating time by digitizing backup protection relays 

(iii) Application of voltage phase comparison method as out of step separation relay 

(iv) Maintenance of fault-extension-prevention relays 

(v) Arrangements with UFR and OFR generators 

(vi) Preliminary system analysis at test power transmission and review and maintenance of operation 
manual at test power transmission 

(vii) Maintenance of recording equipment 

(viii) Accelerate recovery by developing OPGW and introducing SCADA at local power supply 
stations 

(ix) Maintenance of interlock 

 

The results of this analysis and recommendations for measures to prevent recurrence are to be 
discussed within the NTDC and with the relevant departments. 

 

3.1.3. 3rd JCC 19 July 2023 

(1) Agenda 

 1) New System Diagram Trainings 200 case scenario prepared 

It was reported that 200 case scenarios for operational training with the new system diagram had 
been organized and prepared for beginners, intermediate and advanced users, which was approved. 

 

 2) PC Version Simulator 

It was reported that 10 additional PC simulators requested by the NTDC had been handed over. 
With this provision, the PCs could be distributed to all 220 kV and 500 kV substations of the NTDC. 
MD was instructed to report regularly on the status of training at each substation. 
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 3) Counter measures for Blackout 

The following countermeasures to prevent recurrence of blackouts, which should be implemented 
without incurring too much cost, were proposed. 

(i) Installation of recording equipment and preservation of records 

(ii) Centralized management of protection relay settings 

Setting coordination between hydropower plants, thermal power plants and power system 
protection relays 

(iii) improved protection relay system 

Main protection relay; Current Differential Relay system 
Back up relay; Review of timer settings to be shortened 
Introduction of power system stabilization relay system 

(iv) Voltage/reactive power control VQC (Voltage and reactive power Control) System 

(v) Clarification of procedures for recovering from blackout 

(vi) Black -start over voltage (Prior power system analysis) 

 

 4) TOT Japan 

It was agreed to organize training in Japan in May and September 2023, including visits to control 
centers, substations, technical training centers and Japanese electrical equipment manufacturers in order to 
raise awareness of the human resource development and equipment upgrades that the NTDC should aim 
for in the future in order to enhance the effectiveness of the project. 

 

 5) Next project 

The NTDC informed the participants that Pakistan was a large country and that the current TSG 
alone was not sufficient to provide training for human resource development. Therefore, a request was 
made to set up another TSG in the premises of the Jamshoro Substation in the southern region, which would 
be discussed within JICA. 

The consultant recommended that there was an urgent need to train personnel who could analyze the 
power system stability and transient phenomena so that the NTDC could accurately perform power system 
operations in order to prevent the recurrence of blackouts. 

 

3.2. Activities of each Working Group 

3.2.1. [WG1] Grid Diagram Preparation 

With regard to the new system diagrams (765 kV/500 kV systems, ±660 kV HVDC systems and 
renewable energy systems) to be introduced into the GSO operational training simulator and PC version of 
the simulator, the system configuration was finalized in February 2022 and the transmission line color 
scheme and substation and transmission line names were finalized in May 2022. Development work on the 
updated software, including improvements to the analytical calculation convergence of the simulations, was 
completed. 
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Fig 3.1 Final version of the new grid system diagram (as of May 2022) 

 

In December 2022, the installation of the updated software on the TSG's GSO operational training 
simulator was carried out, accompanied by an engineer from the development manufacturer, and the 
software was inspected and confirmed to work with the NTDC/TSG. 

After the said installation work, a software transfer ceremony was held, attended by NTDC 
executives and other relevant personnel from various departments, where the new system diagram was 
mutually confirmed. 

During the seventh visit to NTDC in June 2023, the new system diagram and 200 training scenario 
cases based on the new system diagram were installed in the GSO simulator and their operation was checked. 

In addition, in July 2023, the installation of the new system diagram on the PC version of the 
simulator was conducted with trainers (including one female trainer) from 20 locations that had already 
been distributed and 10 newly distributed locations, as well as simulation training on the new system 
diagram. 

Furthermore, the 200-case training scenarios on the new system diagram and the procedure manual 
on how to implement them were explained and the actual procedure manual was circulated. 
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Fig 3.2 The new system diagram on the simulator display 

 

3.2.2.  [WG2] GSO Operation Training 

(1) GSO simulator training scenario case development 

For the GSO simulator, 200 scenario cases were created for each of the new and old system diagrams, 
so that substation personnel can safely and without error operate the equipment during normal and fault 
conditions. 

The scenarios were compiled into three levels - normal operation, single fault operation and complex 
fault operation - to enable step-by-step training of beginners, intermediate and advanced operators, in order 
to encourage NTDCs to introduce the skill certification system implemented by the Japanese utility 
company. 

 

(2) PC simulator distribution 

Pakistan is a large country, and a single TSG training center is not sufficient to provide adequate 
training. In response to particular requests, PC simulators were distributed to major 220kV and 500kV 
substations. Thirty-two units were distributed as shown in Table 3.1and Table 3.2 below. 
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Table 3.1 PC simulators delivered place 

No. Facility Location name Delivery date 
1 500kV Grid Station Sheikh Muhammadi Peshawar 17th Jan., 2022 
2 500kV Grid Station Rawat 
3 500kV Grid Station Gatti Faisalabad 
4 500kV Grid Station Sheikhupura 
5 500kV Grid Station Multan 
6 500kV Grid Station Rahimyar Khan 
7 500kV Grid Station Guddu 
8 500kV Grid Station Shikapur 
9 500kV Grid Station Jamshoro 
10 500kV Grid Station Dera Ismail Khan 
11 220kV Grid Station WAPDA Town Lahore 
12 220kV Grid Station Ludewala Sarghoda 
13 220kV Grid Station Burhan 
14 220kV Grid Station Quetta Industrial 
15 220kV Grid Station TM Khan Rd Hyderabad 
16 220kV Grid Station Jamali 
17 TSG(North) Training Centre Lahore 
18 TSG(South) Training Centre Hyderabad 
19 TSG Training Centre Tarbela 
20 NPCC Power control Centre Islamabad 
21 TSG(North) Training Centre Lahore 27th Oct., 2023 
22 NTDC Planning Division WAPDA House Lahore 

 

Table 3.2 Additional delivery 

No. Facility Location name Delivery date 
23 TSG Training Centre Gatti Faisalabad 20th July, 2023 
24 500kV Grid Station New Lahore 
25 500kV Grid Station Faisalabad West 
26 500kV Grid Station Sheikhupura 
27 500kV Grid Station D.G. Khan 
28 500kV Grid Station Yousuf Wala 
29 500kV Grid Station Muzaffargarh 
30 500kV Grid Station Rahim Yar Khan 
31 500kV Grid Station Dadu 
32 500kV Grid Station NKI Karachi 

 

(3) Training in GSO and PC simulators 

 1) Group training instruction at TSGs 

(i) 1st session 24 January 2022. 

Explained and instructed the 20 participants to whom the PC simulators were distributed 
on the overview of the system, how to operate it and the purpose of the simulator training. Total 
attendees were 30. 

(ii) 2nd session 25 and 26 January 2022. 

Training was conducted on two cases of transformer outage for maintenance work and 
busbar outage by fault using the PC simulator. Approximately 40 participants over the two days 
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(iii) third session 19 and 20 May 2022. 

Explanation of the importance of the Operating Procedures Manual and complementary 
training on two cases of busbar outage for maintenance work and transmission line outage by 
fault were conducted. 26 participants 

(iv) fourth session 19 December 2022. 

New system software was installed on the GSO simulator and its operation was verified 
in a DC transmission line route faults and a 500 kV busbar fault. 20 participants 

(v) 5th session 20 and 21 July 2023. 

Two cases of DC transmission line route faults and simulated system instability were 
conducted. 30 participants 

(vi) 6th session 26 and 27 October 2023. 

Guidance on training methods was provided to new WG2 members. 

 

 2) Training guidance at substations 

Visited PC simulator distribution places to conduct training and check the utilization of the PC 
simulators. 

 

- First 220 kV Grid Station WADA Town, 18 May 2022 

- Second 500 kV Grid Station RAWAT, 20 May 2022 

- 3rd 220 kV Grid Station Gujrat, 21 Nov 2022 

- 4th 220 kV Grid Station OKARA, 25 July 2023 

- 5th 500 kV Grid Station New Lahore, 28 Oct 2023 

 

(4) Human resource development using simulators 

As the operation of substation equipment is fundamental to the stable supply of electricity, it is very 
important to improve the skills of on-site technicians and ensure their motivation. For this reason, the 
Japanese Electric Power Companies have achieved significant results in improving the technical skills and 
maintaining the motivation of on-site technicians through the use of operational training simulators and a 
system of step-by-step skills certification. 

NTDC conducts examinations and interviews for the appointment of managers and promotes them, 
but there are no initiatives for on-site engineers. However, there are no initiatives for field technicians. 

Using the simulator provided this time, the NTDC will promote the introduction of a skills 
certification system, which is being implemented in the Japanese electric utilities. 

 

(5) Maintenance of simulators 

Through training using the GSO simulator at the TSG, equipment operation and maintenance 
methods were taught, so it is believed that the simulator can be adequately maintained and managed. 
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3.2.3.  [WG3] Training for Protection Relay Operation, and Analysis of Black-Out and 

Recommendation for Countermeasures  

(1) The manual revision for Protection Relay Operation Simulator 

 1) Purpose for revision of the manual 

(i) The procedure for the user (NTDC) to change value of constant / impedance, which are set by 
representative value, for transmission line, transformer and busbar, to be explained using figures. 
Due to this explanation, improvement for effect of training is expected, because following can 
be implemented. 

 Simulation with values according to the actual system 
 Specific training tailored to the trainee’s unique system 

(ii) Details explanation about connection of protection relay is added, by using typical relay of ABB, 
SIEMENS and GE. Therefore, when verification is required, the relay of each manufacturer can 
be connected to the simulator to facilitate operation check and setting check. 

(iii) Description of special test mode 

(iv) If a fault caused by close of circuit breaker during close of earthing switch (Switch onto Fault) 
is occurred, distance protection may not operate, because voltage input to a relay continues “0”. 
And also, there is a possibility not to operate main protection differential relays by distorted 
current with CT saturation because of large fault current. This special test makes it possible to 
verify the effectiveness of relay application with suitable settings and countermeasures against 
Switch-onto-fault, and promotes understandings of the importance of the application method 
and settings of protection relays. 
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 2) Revision items 

(i) Addition of detail explanation about setting change for impedance etc. 

An example of the procedure for changing the transmission line impedance is shown below. 
 

 

 

Fig 3.3 Procedure for modification of line impedance 

For details, please refer to the following page of Manual (5B2L1127). 
P-126 to P-138: RSCAD configuration description - Module connection, setting procedure of power 

supply, frequency and fault point 
P-139 to P-141: Setting change of transmission line impedance. 
P-142 to P-143: Setting of fault point for transformer 
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P-144 to P-150: Detail control procedure of RTDS (RUNTIME) 
 

(ii) Detail explanation of connection with protection relay (ABB, SIEMENS and GE). Detail 
explanation of connection with example by ABB, SIEMENS and GE relays are added. 

 

P-82 to P-101: Addition of detailed explanatory drawing of connection part between relay and 
interface box 

P-103 : Addition of connection explanation for SIEMENS 7SD5 
 

 

Fig 3.4 Connection between Protection Relay Simulator and relay terminal (7SD5) 

P-104: Addition of connection explanation for ABB RET670 
P-105: Addition of connection explanation for GE Multilin B30 Please refer to the manual 

(5B2L1127) for details.  
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(iii) Description of special test mode 

 i) Verification that 2f block for inrush countermeasures (inrush judgment with second harmonic 
generation and differential relay operation blocked) is performed when the current waveform 
is distorted. 
Please refer to P-59 of manual (5B2L1127). 

 

 ii) In the case of a three-phase ground fault (SOTF: Switch onto fault) in which a circuit 
breaker is turned on when the three-phase ground is closed, the voltage remained zero from 
before the fault to during the fault, therefore distance relay does not operate. A method for 
confirming and verifying, that SOTF countermeasures (OC-SOTF) using overcurrent relays 
are effective as countermeasures, is added. 
Please refer to P-152 of manual (5B2L1127). 
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Fig 3.5 Operation display of Protection Relay Simulator (SOTF case) 
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(2) Implementation of protection relay technology training 

During the third visit (May 2022), training was conducted on the relay methods standardly applied 
by Japanese electric power companies (power transmission line main protection relay: current differential 
relay, back-up protection relay: distance relay, Busbar protection relays, transformer protection relays, 
preventive spreads of fault relay systems). 

 1) Current differential relay 

NTDC has not adopted this method due to issues such as the equipment of high-speed communication 
channels. Because current differential relay has reliable fault phase selection and high speed fault 
elimination, the multiphase auto-reclosing method can be applied in many cases, as it enables high-speed 
reclosing even in transmission line faults that span two parallel circuits. This greatly contributes to 
improving transient stability. NTDC participants deepened their understanding by explaining the merits of 
current differential relays and the status of their adoption in Japanese transmission line protection. 

I. Current differential relay enables to shorten the fault clearing time of the transmission line, 
which is based on conventional distance relays, to be shortened from 0.1 seconds to the 
guaranteed value of 0.07 seconds (actual time: around 0.05 seconds), and this makes it possible 
to shorten the fault clearing time of the backup protection relay. 

II. It becomes possible to adopt a multi-phase auto-reclosing method, which can avoid two-line 
transmission line disconnection in fault and improve system stability. 

Multi-phase auto-reclosing is adopted to a parallel two-circuit transmission line. When a fault occurs 
across two circuits, the faulted phases are tripped (CB opened) at first. If two or more different phases 
remain (not faulted poles and CB keeps closing) in total for the two circuits, it can be determined that both 
ends of the transmission lines are interconnected, and high-speed auto-reclosing can be performed. Table 
3.3 shows the effect of increasing the number of cases in which auto-reclosing can be performed using the 
multi-phase auto-reclosing method. The yellow part represents the case where reclosing (ARC) is not 
possible with conventional single-phase or three-phase auto-reclosing, resulting in final trip (FT), but 
reclosing is possible with multi-phase auto-reclosing. 

 

Table 3.3 Effect of increasing cases using the multi-phase auto-reclosing 
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Additionally, Table 3.4 shows the track record of avoiding two-line disconnection faults using the 
multi-phase auto-reclosing method in Japan. 

Table 3.4 the track record of multi-phase auto-reclosing compared to single-phase auto-reclosing 

Fault phase and fault 
number of line 

Number of faults Multi-phase auto-reclosing Single-phase auto-reclosing 

2 phases at 2 lines 
 (fault: 2 to 4 conductors) 9 9: Success auto-reclosing 9: 2 lines disconnected 

2 phases at 1 line 48 48: Success auto-reclosing 48:1 line disconnected 

1 phase at both lines 12 12: Success auto-reclosing 12: Success auto-reclosing 

1 phase at 1 line 199 199: Success auto reclosing 199: Success auto reclosing 
Note: The record during 24 years 

The introduction of digital current differential relays as the main protection relays for NTDC's 
transmission lines is strongly desired, but the challenge is that it is necessary to prepare the dedicated high-
speed communication infrastructure for current differential relays. 

 2) Distance relay 

Distance relays and directional comparison protection methods using distance relays are equivalent 
to the main protection applied to NTDC's power transmission line protection. It was explained the principle 
of distance relays, problems and countermeasures arising from the principle, and performance limits. In 
addition, it was explained in particular the case where the circuit breaker was tripped due to CB closed 
without disconnecting the earthing switch, which triggered the large-scale power outage (blackout) in 
January 2021. NTDC understands the effectiveness and necessity of implementing countermeasures for 
switch-onto-fault (SOTF) which distance relays cannot operate due to non-voltage before fault and during 
fault. Digital relays have the countermeasure as the method OC-SOTF (overcurrent relay countermeasure 
scheme).  

(i) Switch onto fault countermeasures 

Figure 3.6 shows countermeasures against switch-onto-fault which means CB close of 
the transmission line with fault. For example, forgetting to remove the earth switch, the CB is 
turn to close. The transmission line is outage and there is no voltage before the CB closed on, 
and even after the CB is closed on, there will be no voltage because there is a 3-phase ground 
fault (earthing). For this reason, distance relays cannot operate in principle with no voltage. As 
a countermeasure, the conditions under which a power transmission line outage is detected are 
extended by approximately 0.5 seconds after the circuit breaker is closed, and the circuit breaker 
is tripped by AND conditions under which the overcurrent relay (OC SOTOF) is activated due 
to the inherent fault. 

 

Fig 3.6 Countermeasures against switch-onto-fault 



3-15 

There may be many places where old electromagnetic protection relays are still in use in 
NTDC, and it is necessary to investigate distance relay to be added this measure. 

 

(ii) Faster backup protection relay in its operating time 

The large power outage fault, black-out in January 2021 was triggered by a main 
protection malfunction, but there were also delays in clearing the fault using backup protection 
relays (distance relays) in the vicinity, leading to the system collapse. It was recognized the 
importance of shortening the operation time of backup protection relays with the adoption of 
digital relays. 

Table 3.5 is an example of a trial calculation for shortening operation time of backup 
protection, but it is necessary to coordinate the operation time of the circuit breaker failure 
protection relay (CBF) and the operation time of the backup protection zone 2 of distance 
protection (Z2), and the operation setting of the CBF is required. It is important to review the 
time. 

 

Table 3.5Calculation example for shortening operation time of backup protection 

 Current 500kV line protection Shortening with digital relays 
CBF trip time 250 mS 130 mS 

Z2 (zone 2) trip time 300 mS 200 mS 
・CBF Trip time ≧ Tmr-fc (70 mS) + Tmr-off (30 mS) + Margin (30 mS) = 130 mS 
  Tmr-fc: Fault clearing time by main protection (CB arc extinguish time: 40 mS included) 
  Tmr-off: Main protection relay drop-off time 
・Zone 2 Trip time ≧ Tcbf-fc(170 mS) + Margin (30 mS) = 200 mS 
  Tcbf-fc: Fault clearing time by CBF (CB arc extinguish time: 40 mS included) 

 
Although it is understanded the need for shortening operation time of backup protection, 

it has adopted a digital current differential relay as the main protection relay to shorten the 
operation time of the main protection relay, and has also reduced the operating time of the relay 
for CBF and zone 2 of backup protection. It is necessary to rebuild the entire system, including 
reviewing settings. This is an important issue that must be considered by the entire NTDC 
protection system. 

 

 3) Busbar protection relay 

In NTDC, High-Impedance Differential method is applied, but in Japan, the current differential 
method (Low-impedance Differential method) is often applied because it has become possible to prevent 
CT saturation by adopting digital relays. The explanation focused on the principles of CT saturation 
countermeasures. 

CT saturation countermeasures focus on the differential current (Id) waveform, and when CT 
saturation occurs, there is an interval in one cycle where Id=0 and an interval where Id occurs alternatively. 
Then, if these are detected, it is determined CT saturation and blocks the operation of the differential relay. 
This technology was developed by using digital relays, and this makes it possible to apply current 
differential method for busbar protection relays. High-impedance differential relays have the advantage of 
being resistant to CT saturation, but they also require a CT with a high saturation voltage dedicated to 
busbar protection, and in principle, high voltage can be applied to the differential point in the event of an 
internal fault. It needs to take safety precautions as this could occur. The advantages of the current 
differential method using digital relays are that they can be used in common with other relays in the CT 
circuit, and that high voltages are not generated, making it possible to apply entire digital substations. This 
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is an item to be considered for future application, along with the digitization of the entire protection and 
control system. 

 

 4) Transformer protection relay 

With the introduction of digital relays, it is focused on how protection specific to transformers, such 
as voltage ratio, current input matching method corresponding to the Y-Δ of the winding, and 
countermeasures against excitation inrush, are handled by software. In particular, the major cause of the 
fault in January 2021 was that the electromagnetic transformer protection relay did not operate, and there 
was no recorded data such as current and voltage at the time of the fault. There was no clue as to the cause. 
The busbar three-phase ground fault occurred due to the circuit breaker being closed with the earthing 
switch closing, and the fault point was within the protection range of the transformer protection relay. It 
was said that the relay was normal in the relay test after the fault, and although it is only a guess, the 
following factors can be considered. 

I. Due to CT saturation caused by large current, sufficient current was not supplied to the high-set 
differential OC element (HOC) of the transformer protection relay to operate it. 

II. The high-sensitivity biased differential element is based on the principle of harmonic 
suppression, and could not operate due to waveform distortion caused by CT saturation. 

Fig 3.7 shows a simulation of the CT saturation waveform that estimated the state at the time of the 
fault. It is recommended that the relay will be upgraded to a high reliable digital relay with a recording 
function. 
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Primary fault 
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C phase CT 
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Fig 3.7 Fault current of simulation at 220kVbusbar three phase fault 
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(3) Training on power system analysis techniques (XTAP CPAT)  

In May 2022, a three-day remote XTAP training course was conducted with Mr. Noda and his team, 
who have been developing the XTAP software at the Central Research Institute of Electric Power Industry 
(CRIEPI), as lecturers (45 participants). 

This time, the training included actual analysis cases and exercises in simulating and analysing DC 
chopper circuits by running the XTAP software on their own. The circuit configuration took time for all 
participants and the younger ones were able to finish it, but half of them did not complete it. 

As a complementary measure, a DVD of the training content was distributed at a later date. 

In Pakistan, the grid planning department uses PSSE, which is used for power system analysis for a 
dozen or so seconds, but analysis in a very short time domain (instantaneous analysis), such as XTAP, is 
not conducted, so the participants were very enthusiastic about the course. 

CRIEPI has developed software CPAT, which is equivalent to PSSE, is charged for, so we informed 
them that a simplified version of CPAT is available free of charge. 

In order to enhance the learning of XTAP, an exercise on the analysis of overvoltage phenomena 
occurring in AC systems, a phenomenon familiar to power systems, was conducted remotely with Mr. Noda 
and his team from CRIEPT as lecturers during the visit to NTDC in July 2022. 
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3.2.4.  [WG2/3] Human resource development plan and Training evaluation system in NTDC/TSG 

As a training function of TSGs, it is desirable to develop human resources for operation and 
maintenance of transmission and substation facilities and GSOs more systematically, using the installed 
GSO operation training simulators and PC version simulators, from the perspective of future human 
resource development strategies, while reviewing the current human resource training and development 
system of the NTDC. The aim was to link training and practice, and training and evaluation, to generate 
practical benefits. 

Furthermore, the need for a hierarchical human resources development system, incentives such as 
visualisation of performance evaluations, and a system of skills certification through training should also 
be considered in order to ensure a certain number of trainees in the TSG on an ongoing basis and to increase 
the motivation of each instructor personnel. Systematic reflection in the subsequent personnel system based 
on the skill level acquired by trainees in the TSG is also a material for future consideration, and was 
explained at a later date based on actual examples in Japan. 

As a specific discussion, an exchange of views on the above introduction proposal was held with the 
GM of the NTDC HR department during the fifth visit to NTDC (November 2022) (seeFig 3.8 andTable 
3.6). 

With reference to the Japanese case studies (seeTable 3.7) and other examples, and while also hearing 
the current situation and requests of NTDC/TSGs, a model introduction of a skills certification system using 
GSO operation simulators and PC version simulators were proposed. In particular, when introducing the 
model, it is envisaged that the 200 cases for the new system diagram would be divided into three training 
courses according to the skill level of the 200 cases. At the end of each training course, the adequacy of the 
operational response and recovery procedures for that training case will be evaluated based on indicators. 
More detailed evaluation criteria will clarify the effectiveness and key points of the training and make it 
more effective for practical application. 

 
Fig 3.8 The introduction of the skills certification system 
(left: Japanese case; right: example of application to Pakistan) 

 
It was explained that the development in the project would be to consider the possibility of a human 

resource development system focused on the GSO operational sector, but the GM told the NTDC of the 
need to take into account the personnel systems of a wide variety of sectors. Also, while there is an apparent 
interest in post-training feedback and performance evaluation at TSGs, there is the lack of a 'failure to 
certify' custom in training and certification exams as a culture and practice in Pakistan, and the inability of 
promising instructor personnel to stay with the company for a certain period of time due to frequent 
personnel changes, are challenges related to the introduction and continuity of the system. (see Table 3.6) 
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In the future, it is hoped that, with reference to the introduction of actual examples in Japan, the skills 
certification system and promotion system for human resource development in TSG's GSO simulator 
training will be enhanced within the NTDC. 

Table 3.6 Current status and issues related to the proposed introduction of a skills certification 
system and human resources development strategy 

Current 
situation and 

Considerations 

・ NTDC/TSG has already conducted a step-by-step training program for new 
engineers in the NTDC/TSG, which consists of courses at levels A-B-C. Each course 
consists of a few weeks. 

 ⇒ It was explained that it took about 10 years to reach the final A level, with 
training and practical experience.  

・ In NTDC/TSG, the C level (initial training) includes simulator training at the TSG, 
training on transmission and substation equipment at a model substation, technical 
training on transmission lines at the Tarbela Training Centre and online sessions. 

⇒The simulator training has been included as a course theme from Class C. This 
suggests the possibility of introducing a promotion system with more clearly defined 
skill levels in the future implementation of training in the ranks.  

・ NTDC/TSG has been unable to retain promising trainers for a certain period of time 
due to frequent personnel transfers. It is necessary to consider a system (e.g. 
allowances and treatment for trainer personnel) to enable them to stay with the 
organization for at least one year or more. 

・ The NTDC/TSG has implemented several initiatives for the recognition and 
development of trainer personnel (e.g., encouraging the acquisition of international 
standard qualifications, multi-day lecturer training workshops). The use of other 
Learning Management Systems is also under consideration. NTDC/TSG engineers 
have also participated in international online lectures in Canada, Australia and other 
countries. 

⇒ In terms of managing personnel changes, it is somewhat difficult to encourage 
movement and change, as the decision-making authority is left to the NTDC. On the 
other hand, there is room to introduce the trainer certification system and examples 
of treatment and allowances implemented in Japan and discuss what can be referred 
to in terms of securing lecturer personnel on an ongoing basis.  

・ Regarding the score table, it is customary in Pakistan that there is no concept of 
"pass/fail" in training (everyone is considered to have passed). 

⇒The NTDC will continue to discuss a system that is consistent with the cultural 
background and customs of Pakistan.  

・ In NTDC, there is a need to consider HR systems not only for TSG and GSO 
departments, but also for a wide variety of other departments.  

⇒ It was explained that a possible development in the project would be to consider 
the possibility of a human resources development system focused on the GSO 
operational divisions. 

Introduction 
and 

deployment 
possibilities 

・ The NTDC Human Resources Department will also be consulted in the future to 
deepen discussions on the direction of incorporating the TSG's GSO simulator 
training skills certification system into the NTDC's promotion system.  

NTDC/TSG would like to see more skill-level-based evaluations. Currently, the 
Senior Leadership Course (2 weeks) is linked to promotion. 
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Table 3.7 Examples of evaluation and skills certification systems for simulator training in Japan 

Purpose 

・ To improve and standardize technical skills 

・ To motivate technicians to improve their practical and technical skills. 

・ To promote systematic human resource development plans.  

Overview of 
the skills 

certification 
system. 

Clarification of skill levels and introduction of rank-based courses according to level 

Class A: Able to responsibly carry out advanced work processing and handling 
of unusual situations. 

Class B:  Able to responsibly carry out normal field work. 
Class C:  Able to responsibly carry out elementary field duties. 

Training 
evaluation 

Methods and 
criteria 

 To settle the standard judgement items and acceptance criteria for all training cases 
(example below). 

- Confirmation prior to operation: understanding of the purpose of the operation, 
confirmation of Permission To Work, safety confirmation, status of communication 
with relevant authorities, etc. 

- Confirmation during operation: confirmation of voltage, current, etc. at each 
operation stage, confirmation of operation procedures, etc. 

- Confirmation after operation: implementation of safety assurance such as 
grounding, communication to all concerned parties, etc. 

 To prepare an evaluation table for all training cases (utilize the evaluation table 
already delivered with the simulator). 
Based on the above-mentioned judgment items and criteria, describe specifically 
the evaluation items and their contents in accordance with the contents of each 
case. As an example, describe the voltage, current, phase angle, tap position, etc. 
and the specific name of the contact person, etc. 

Devices for 
spread and 
establish 

 Conducting regular rank-specific simulator training courses (check technical level) 

 Conducting training examinations for promotion (maintenance and improvement of 
technical level) 

Challenges to 
introduction 

 Selection of pass/fail judges, ensuring technical level 
 Methods of measuring achievement of standards (e.g. quantitative scoring, 

qualitative assessment from the leadership side, setting pass borderlines) 
 Ensuring consistency with NTDC/TSG human resource development plans, 

consideration of impact on treatment 

 
Based on these and other issues within the NTDC, it was explained a detailed description of the 

specific human resource development plan and training system for power system engineers in Japan and 
the evaluation of simulator training at the 2nd TOT in September 2023. Figure 3.12 shows the training 
system since new recruits to about 10 years in the system operation and facilities planning divisions. 

 
Fig 3.9Training schemes for engineers in Japan (system operation and facility planning divisions). 
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In particular, the training content for each level was specifically presented and it was understood that 
the same technology was aimed at acquiring more advanced skills at the advanced level. 

In addition, it was introduced that, in order to develop comprehensive competence as well as sector-
specific technical training, the company systematically implements competence acquisition training in 
which the competences to be acquired were clearly defined (Table 3.8). 

Table 3.8 Common training structures with clear objectives 

 
 

Although training scenarios for the simulators were created and introduced this time, the trainer 
stressed the importance of assessing the level of mastery and back-up through training. To this end, the 
trainer explained that recovery response and time management in training should be assessed for the entire 
training team, and that it was important to describe the detail status of individual actions in order to 
understand the current level and trends of individuals (Table 3.9). 
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Table 3.9 Example evaluation table for recovery response, time management and personal 
behavior status 

 
 
 

3.2.5. Planning and Implementation of Training in Japan 

NTDC engineers were invited to Japan for a tour of actual facilities and classroom training, with the 
aim of acquiring relevant technology and knowledge through visits to Japanese power companies and 
protection relay manufacturers. The training was originally planned for November 2022 and August 2023, 
but was postponed due to entry restrictions following the spread of COVID-19 infection, etc. The first 
training was held from 18 May to 1 June 2023 and the second from 9 to 23 September 2023. 

The training focused on the power supply command system, human resources development systems, 
formation of transmission and substation facilities in overcrowded areas, maintenance and management of 
power facilities, restoration policies in the event of major faults, clarification of fault causes through system 
analysis and detailed investigation of fault facilities in Japanese electric power company, and quality 
management and cyber security measures at Japanese electrical equipment manufacturers. Five trainees 
each participated in the first and second sessions as trainers from various departments, including 
practitioners (System Planning, P&C, NPCC), managers (TSG) and TSG instructors. The content of the 
first and second itineraries was almost the same, but was slightly revised when planning the second itinerary 
based on the results of the first itinerary and feedback from the participants. The itineraries for each of the 
Japanese training courses are shown in the table below. 
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Table 3.10 Training schedule in Japan 

First training（May 2023） Second training（September 2023） 

1st day 
Explanation of outline of Tokyo Electric Power 
Company 
Visit to Tokyo Dispatch Centre 

1st day 
Explanation of outline of Tokyo Electric Power 
Company 
Visit to Tokyo Dispatch Centre 

2nd day 
Visit to Central Load Dispatch Centre 
Lecture of outage plan for equipment 
maintenance 

2nd day 
Visit to Central Load Dispatch Centre 
Lecture of Training system for power system 
engineers in Japan and evaluation system 

3rd day 
Visit to Shin-Shinano Frequency Convertor 
Station 

3rd day 
Visit to Training Centre of Dispatch technology 
Visit to Shin-Toyosu Substation 

4th day Visi to Tokyo Densetsu Services Co. 4th day 
Visit to Shin-Shinano Frequency Convertor 
Station 

5th day 
Lecture of power system analysis 
Introduction of supervisory equipment and 
recording equipment for power system 

5th day Visi to Tokyo Densetsu Services Co. 

6th day Visit to Training Centre of Dispatch technology 6th day 
Lecture of power system analysis /Fault 
analysis 

7th day Visit to Toshiba Fuchu works. 7th day Visit to Toshiba Fuchu works. 

8th day 
Visit to Toshiba Fuchu works 
Training of Cyber Security 

8th day 
Visit to Toshiba Fuchu works 
Training of Cyber Security 

9th day Wrap-up 9th day Wrap-up 

* Underline shows different itinerary between first training and second training (except holiday)

In the participants' questionnaire after the training in Japan, many responded that they were very 
satisfied and that the training content and materials were beneficial. In particular, many commented that the 
visit to the Shin-Shinano Frequency Convertor Station was very useful, as although similar facilities exist 
in Pakistan, they were constructed and operated by China behind closed doors and the NTDC was not even 
allowed to observe the facilities. During the wrap-up on the final day, there were also presentations on 
reflections on the training and future action plans, with comments on knowledge sharing and promotion at 
NTDC, particularly in relation to knowledge on system analysis and fault analysis, and training and 
evaluation systems. Overall, the training was highly satisfactory for the participants, and there were high 
expectations for the effectiveness of the training at the NTDC for each of the participants after their return. 

3.2.6. Cooperation with Domestic Subcontractors 

(1) Preparation of operating procedures based on training scenario cases

The preparation of detailed operating procedures based on training scenarios for a total of 400 cases,
200 cases for each of the old and new system diagrams, was subcontracted to Yachiyo Engineering Co., 
Ltd. and completed as planned. 

(2) PC simulator

A PC version of the simulator was commissioned to Toshiba and a total of 32 sets were provided to
NTDC so that the same functions of the simulator installed at TSG as GSO simulator could be used at 
substations. 

(3) Setting up new system diagrams on GSO simulators

A new system diagram including ±660 kV HVDC, 765 kV AC system, solar power generation and
wind power generation requested by the NTDC was installed in the simulator installed at the GSO, 
commissioned by Toshiba, to enable operational training on the NTDC's main transmission system. 
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(4) Revised relay simulator manuals.

The relay simulator manual was revised to allow easy connection to other manufacturers' relays such
as GE, SIEMENS and ABB, under contract to Toshiba. 





 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chapter 4 Achievement of project objectives 
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Chapter 4. Achievement of Project Objectives 

Project objective To strengthen the capacity to operate and maintain transmission and distribution facilities 
(substation and protection relays) to improve the quality of power supply. 

 

The following is a summary of the progress made by the WGs as they work towards achieving the 
above project objectives. 

 

[WG1] 

Include all ±660kV HVDC, CASA1000, 500kV AC, 765kV AC and renewable energy (Wind Power, 
Solar Power), which were strongly requested by NTDC, in the new grid diagram preparation. As it is not 
possible to include all 765kV, 500kV substations, HVDC stations and power stations using the simulator 
installed in the TSG, priority was given to simulating double busbar and one-half busbar as the busbar 
configuration with power plants and transmission lines were condensed to achieve a system diagram that 
does not interfere with operational training. 

 

[WG2] 

Training scenarios with the new system diagram were discussed in WG2 and 200 cases were created. 

Detailed operation procedures based on these scenarios were prepared, and group training at TSGs 
and training at grid stations using PC simulators were conducted, which helped to establish the operation 
procedures and prevented operational errors. 

The simulation of faults also improved technical skills in determining the relay operation during 
faults and the fault point from the voltage and current waveforms. 

Group training at TSGs and training using PC simulators at each grid station has been conducted for 
approximately 1,500 persons as of December 2023. 

 

[WG3] 

For relay simulators, GE, SIEMENS and ABB protection relay specifications have been investigated 
and the manual was revised that they could be connected to and tested on the relay operation simulator. 

This has made it easier to test the protective relays currently held by the NTDC, and thus easier to 
test the protective relays and check the setting values using the relay operation simulator. 

Training using the relay operation simulator has been provided to a total of 200 people. 
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Chapter 5. Achievement of High-level Objectives 

High-level 
objectives 

By the end of the project, the SOPs for grid station operation prepared by the TSG 
will be properly operated in the grid stations, thereby improving reliability in the entire 
power system. 

 

The following indicators and target values for the above high-level objectives were identified and 
generally achieved. 

Table 5.1 Project indicators 

High-level objectives 
Indicators (draft values) 
*Each item is based on the 
provisional PDM 

Indicator achieved 

The reliability of the grid as a 
whole is improved through 
the proper operation of grid 
stations in accordance with 
the SOPs for grid station 
operation prepared by the 
TSG. 

・ Annual outages in the NTDC 
network due to miss-operation 
are reduced by 672,000 MWh* 
(*outages at maximum power 
(31.5 GW) are assumed to last 
21 hours as in January 2021). 

・ 100% reduction in frequency 
and duration of power system 
faults due to miss-operation. 

・ Fault recovery time is 
improved to within 24 hours. 

・ The use of GSO simulators and 
PC simulators has resulted in zero 
miss-operation. In addition, the 
creation of a procedure chart was 
established. 

・ Black Out was avoided during a 
transmission line fault in the 
southern region due to a review of 
UFR setting values. 

・ The power outage in the southern 
region caused by the transmission 
line fault in October 2022 was 
restored in about two hours. 
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Appendix 1. GSO Simulator Training Scenarios 

GSO simulator training scenarios are submitted on CD-ROM.
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Appendix 2. Protection Relay Training Handouts  

2.1. WG3_Current_Diff_Protection (Transmission Line)  

 



A 2-2 

 



A 2-3 

  



A 2-4 

  



A 2-5 

  



A 2-6 

  



A 2-7 

  



A 2-8 

  



A 2-9 

  



A 2-10 

  



A 2-11 

  



A 2-12 

  



A 2-13 

  



A 2-14 

  



A 2-15 

  



A 2-16 

  



A 2-17 

  



A 2-18 

  



A 2-19 

  



A 2-20 

  



A 2-21 

  



A 2-22 

  



A 2-23 

 



A 2-24 

  



A 2-25 

  



A 2-26 

  



A 2-27 

 



A 2-28 

  



A 2-29 

  



A 2-30 

2.2. WG3_Distance_Protection (Transmission Line) 
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Appendix 3. Introduction of Power System Analysis (XTAP) 
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Appendix 5. 1st to 10th Travel Reports 

1. 1st Travel Report
Travel Period Thursday, November 25 - Tuesday, December 14, 2021 

Consultants Yoshida, Nakazawa, Nakamura, Kawasaki 

Activities - Meetings with TSG CE, P&C CE, TSG GM, DMD, and MD.
- Consultation meetings with each WG member, joint meetings of WG1,

WG2, and WG3, and discussions with WG1 members regarding new 
system diagrams and additional modifications. 

- Installation and operational verification of 200 cases on the PC
simulator. 

- Inspection of the 220kV substation.
- Holding 1st t JCC meeting.

2. 2nd Travel Report
Travel Period Friday, January 14 - Tuesday, February 1, 2022 

Consultants Yoshida, Nakazawa, Nakamura, Kawasaki 

Activities - Meetings with TSG CE and TSG GM.
- Acceptance testing of the PC simulator.
- Implementation of activities for each WG.
- XTAP training.
- Reviewing of Blackout countermeasures, including panel discussions.
- Training on the PC simulator.
- Deliberation on the policy for creating simulation cases in the new

system diagram. 

3. 3rd Travel Report
Travel Period Friday, May 14 - Friday, June 3, 2022 

Consultants Yoshida, Nakazawa, Nakamura, Takeuchi, Kawasaki 

Activities - Implementation of activities for each WG.
- Final confirmation and collection of necessary data for the new system

diagram. 
- Inspection of the utilization of PC simulator (visiting two substations).
- Training on the PC simulator, explanation of training case drafts based

on the new system diagram. 
- Interim report on Black Out system analysis.
- Discussion on malfunctioning protection relays during accidents.
- Implementation of XTAP training for system analysis.
- Meeting with DMD.
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4. 4th Travel Report 
Travel Period Friday, July 15 - Thursday, July 28, 2022 

Consultants Yoshida, Nakazawa, Nakamura, Takeuchi, Kawasaki  

Activities - Implementation of activities for each WG. 
- System analysis comparison with the new system diagram. 
- Investigate and corresponding to display issues on the GSO simulator 

large screen. 
- Confirmation of Black Out system recovery measures and proposal of 

improvements. 
- Discussion on malfunctioning protection relays during accidents. 
- Implementation of XTAP training for system analysis. 
- Meetings with MD and DMD. 

 

 

5. 5th Travel Report  
Travel Period Friday, November 11 - Thursday, November 24, 2022 

Consultants Yoshida, Nakazawa, Nakamura, Kawasaki  

Activities - Holding 2nd JCC meeting. 
- Consultation with NTDC Human Resources Department GM 

(Proposing skills certification system in the training programs 
utilizing simulators). 

- Visits to substations where PC simulators are distributed, and 
confirmation of their utilization status. 

- Gathering information on a large-scale blackout in the southern region. 
 

 

6. 6th Travel Report 
Travel Period Friday, December 9, 2022 - Friday, December 23, 2022 

Consultants Yoshida, Nakazawa, Nakamura, Kawasaki  

Activities - Meetings with MD, DMD, and Protection & Control CE. 
- Implementation of activities for each WG. 
- Installation and handover of new system diagrams to the GSO simulator. 
- Consideration of training case drafts based on the introduction of a skills 

certification system using the GSO simulator. 
- Follow-up on the Black Out analysis and recommendation report. 
- Adjustment of the content and schedule of domestic training 

implementation. 
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7. 7th Travel Report
Travel Period Friday, June 16 - Friday, June 24, 2023 

Consultants Yoshida, Nakazawa, Takeuchi, Nagai 

Activities - Presentation of a draft SOP based on the new system diagram for the
GSO simulator. 

- Installation of the updated version of the GSO simulator software.
- Investigation of NTDC requests for the upcoming project.
- Discussion of agenda items for the next JCC meeting.
- Confirmation of the progress in implementing measures based on the

Black Out report. 
- Confirmation of the schedule and nominated participants for the second

TOP Japan. 

8. 8th Travel Report
Travel Period Friday, July 14 - Saturday, July 29, 2023 

Consultants Yoshida, Nakazawa, Nakamura, Nagai 

Activities - Holding 3rd JCC meeting.
- Acceptance testing and handover of the PC simulator.
- Training on operations using the new system diagram.
- Inspection of the PC simulator usage status and operational training at

the Okara substation. 
- Training on pre-considerations for power facility shutdown.
- Explanation of the schedule for the second TOT Japan.

9. 9th Travel Report
Travel Period Friday, October 20 - Sunday, November 5, 2023 

Consultants Yoshida, Nakazawa, Nakamura, Takeuchi, Nagai 

Activities - Meetings with the new TSG CE, GM, DMD, and MD.
- Implementation of activities for WG2 and WG3.
- Lecture on the skills certification system using the PC simulator.
- Training on operational procedures using the new system diagram on

the PC simulator. 
- Training on the system stabilization relay.
- Inspection of the PC simulator usage status and operational training at

the New Lahore substation. 
- Visit to NPCC.
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10. 10th Travel Report
Travel Period Friday, November 24, - Friday, December 1, 2023 

Consultants Yoshida, Takeuchi, Nagai 

Activities - Meetings with TSG CE, GM, DMD, and MD.
- Final confirmation and explanation of the contents of the completion

report. 
- Courtesy visit to the embassy of Japan.
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Appendix 7. Photo Gallery 

1st Travel (Nov.29th,2021) 
CE & GM of TSG meeting 

1st Travel (Nov.29th,2021) 
1st JCC 

2nd Travel (Jan.26th,2022) 
WG3 Black Out Countermeasures 
Participants of Panel Discussion 

3rd Travel (May.23rd,2022) 
Training for XTAP, Analysis Software 

5th Travel (Nov.14th,2022) 
First-Day Orientation for TSG Trainings 

(to explain the content of the project) 

5th Travel (Nov.16th,2022) 
2nd JCC 
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6th Travel (Dec.20th,2022) 
Meeting with NTDC CE(P&C) 

6th Travel (Dec.21st,2022) 
Handover Ceremony for New 

Diagram Software 

7th Travel (Jun.20th,2023) 
TSG Visit for Training  

(explanation of PC simulator) 

8th Travel (Jul.17th,2023) 
Additional Procurement for 10 PC 

Simulators, Placing ODA Stickers for 
Handover Ceremony 

8th Travel (Jul.20th,2023) 
Handover Ceremony for PC Simulator 

8th Travel (Jul.25th,2023) 
PC Simulator Training at 220kV 

Okara Grid Station 
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9th Travel (Oct.24th,2023) 
Meeting with MD (Mr. Jabbar Khan) 

10th Travel (Nov.28th, 2023) 
Completion Ceremony  

(MD Jabbar Khan, DMD Qaiser Khan, 
JICA Sawa, CE Shahid Nazir) 

1st TOT in Japan (May.23rd,2023) 
Visit FC Station  
(Shin-Shinano) 

1st TOT in Japan (May.25th,2023) 
Lecture  

(Power System Analysis) 

2nd TOT in Japan (Sep.20th,2023) 
Visit Manufacturer (Relay test) 

2nd TOT in Japan (Sep.22th,2023) 
Wrap-up & Certification  

(Ms. Hajra Arshad) 
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