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Figure 31: Load angle versus time for the unit under stable and unstable mode of operation 

resulting from the fault clearance at or beyond the critical clearing time of 220 milliseconds. 

 

 

 

Figure 32: Voltage variation of the unit during the event of fault and clearing in and beyond the 

critical clearing time of 220 milliseconds. 
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3.1.6. Case 6: Load increment of 33.25MW post island formation. 
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Figure 33: Variation in active power and frequency vs time due to load increment of 33.25 MW 

after islanding. 

 

In reference to Case 1: (Generation=660MW and Load=640MW) an additional load of 

33.25MW has been added into the network post island formation. 

 

Simulation results for this case reveal that with the subsequent inclusion of 33.25MW 

in the network post-island formation a decrement in frequency of 49.54Hz has been 

observed for over a duration of 23.8 seconds. With generation increasing to 671.7MW, 

final frequency of the island stabilizes to 49.93Hz. 
 

Figure 34: Variation in voltage vs time due to load increment of 33.25 MW after islanding. 

Figure 34 shows voltage change due to addition of 5.2% of total island load. The voltage 

initially experiences a sudden dip from 22 kV to 21.9 kV (0.45%) which further 

stabilizes to 22kV. 
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3.1.7. Case 7: Load increment of 42.75MW after island formation. 
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Figure 35: Variation in active power and frequency vs time due to load increment of 42.75 MW 

after islanding. 

 

In reference to Case:1 (Generation=660MW and Load=640MW) an additional load of 

42.75MW has been added into the network post island formation. 

 

Simulation results for this case reveal that with the subsequent inclusion of 42.75MW 

in the network post-island formation a decrement in frequency of 48.75Hz has been 

observed over a duration of 41.8 seconds. With generation increasing to 681.2MW, final 

frequency of the island stabilizes to 49.90Hz. 
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Figure 36: Variation in voltage vs time due to load increment of 42.75 MW after islanding. 

Figure 36 shows the voltage change due to the addition of 6.5% of total load. The voltage 

initially experienced a sudden dip of 21.86kV (0.63%) which further stabilizes to 22kV. 
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3.1.8. Case 8: Load increment of 52.25MW after island formation. 
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Figure 37: Variation in active power and frequency vs time due to load increment of 52.25 MW 

after islanding. 

 

In reference to Case:1 (Generation=660MW and Load=640MW) an additional load of 

52.25MW has been integrated into the network post island formation. 

 

Simulation results for this case reveal that with the subsequent inclusion of 52.25MW 

load in the network post-island formation a continuous decline in frequency resulting in 

tripping of the unit was observed, suggesting that unit couldn’t increase the active power 

for the corresponding increase in load. 
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Figure 38: Variation in voltage vs time due to load increment of 52.25 MW after islanding. 

Figure 38 shows voltage change due to the addition of 10% of total load. The voltage 

initially experienced a sudden dip from 22kV to 21.83 (0.77%) which further stabilizes 

to 22kV. 
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3.1.9. Case 9: Island formation at 49Hz with frate = 0.5Hz/s 
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Figure 39: Variation in active power and frequency vs time during island formation at 49 Hz with 

ROCOF 0.5 Hz/s. 
 

 

Figure 40: Variation in active power and frequency vs time during island formation at 49.34 Hz 

with ROCOF 0.5 Hz/s. 

In reference to Case:1 (Generation=660MW and Load= 640MW) island was formed at 

49Hz frequency with rate of change of frequency is 0.5Hz per seconds. 

During an event of grid disturbance, rate of change of frequency (ROCOF) of 0.5Hz 

/sec was simulated, and the unit was islanded at 49Hz (Figure 39) and 49.34 Hz (Figure 

40). 

The simulations revealed that when the unit was islanded at 49 Hz a dip of 80 MW was 

observed and when it was islanded at 49.34 Hz the dip was 40 MW. 

Continuous fluctuation in active power from the moment the frequency began to fall 

was observed. This indicates that the unit would have difficulty sustaining such 

continuous oscillations till the frequency restores near to 50Hz. 
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Figure 41: Variation in voltage vs time during island formation at 49 Hz with ROCOF 0.5 Hz/s. 

For a ROCOF of 0.5Hz/sec, the decrease in voltage at the instant of islanding (49Hz) 

was 21.84kV from 22kV. A voltage variation of 0.77% was observed when the unit 

undergoes islanding. 
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3.1.10. Case 10: Island formation at 48.4Hz with ROCOF (frate) = 0.5Hz/s 

 

Figure 42: Variation in active power and frequency vs time during island formation at 48.4 Hz 

with ROCOF 0.5 Hz/s. 

In reference to Case:1 (Generation=660MW and Load=640MW) island is formed at 

48.4Hz frequency with rate of change of frequency is 0.5Hz per seconds. 

During an event of grid disturbance, rate of change of frequency (ROCOF) of 0.5Hz 

/sec is simulated, and the unit islanded at 48.4Hz. The simulations revealed a continuous 

fluctuation in active power from the moment the frequency began to fall. This indicates 

that the unit would have difficulty sustaining such continuous oscillations till the 

frequency restores near to 50Hz. 
 

Figure 43: Variation in voltage vs time during island formation at 49 Hz with ROCOF 0.5 Hz/s. 

For a ROCOF of 0.5Hz/sec, the decrease in voltage at the instant of islanding (48.4Hz) 

was 21.85kV from 22kV. A voltage variation of 0.78% was observed when the unit 

undergoes islanding. 
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3.1.11. Case 11: Island formation at 48.4Hz with frate = 0.25Hz/s 
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Figure 44: Variation in active power and frequency vs time during island formation at 48.4 Hz 

with ROCOF 0.25 Hz/s. 

In reference to Case:1 (Generation=660 MW and Load=640 MW) island is formed at 

48.4Hz frequency with rate of change of frequency is 0.25Hz per seconds. 

During an event of grid disturbance, rate of change of frequency (ROCOF) of 0.25Hz 

/sec is simulated, and the unit islanded at 48.4Hz. The simulations revealed a negligible 

fluctuation in active power from the moment the frequency began to fall. This indicates 

that the unit can sustain in island when the rate of change of frequency is 0.25Hz per 

second. 
 

Figure 45: Variation in voltage vs time during island formation at 48.4 Hz with ROCOF 0.25 

Hz/s. 

For a ROCOF of 0.25Hz/sec, the decrease in voltage at the instant of islanding (48.4Hz) 

was 21.84kV from 22kV. A voltage variation of 0.77% was observed when the unit 

undergoes islanding. 
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3.1.12. Case 12: Optimal load reduction during island formation 
 

Figure 46: Variation in active power and frequency vs time due to optimal load reduction of 68 

MW after islanding. 

In reference to Case:3 (Generation=380 MW and Load = 500 MW), a reduction of load 

shed of 68MW instead of 74MW has been introduced into the network at the instant of 

48.2 Hz. 

 

Simulation outcomes for this case reveal that subsequent decrement of 68 MW at 

48.2Hz in the network. Frequency stabilizes to its final value of 49.99 Hz corresponding 

to generation of 383 MW within 9.5 seconds. 

 

Figure 47: Variation in voltage vs time due to optimal load reduction of 68 MW after islanding. 

Generation is at 22kV, when the island formed, the voltage initially experienced a 

sudden dip from 22kV to 21.58kV (i.e., 1.9%) which further stabilized around 22kV. 
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Figure 48: Frequency comparison between Case 3 and Case 13 

As seen from the above Figure 48, 14 seconds of time difference is observed while the 

frequency was stabilizing to its final value. This is observed when simulating a load 

shed of 68MW compared to 74 MW at the moment of island formation. 

3.1.13. Case 13: Load increment of 12.5MW after island formation 
 

Figure 49: Variation in active power and frequency vs time due to load increment of 12.5 MW 

after islanding. 

In reference to Case:3 (Generation=380 MW and Load = 500 MW), an increment of 

load of 12.5 MW i.e., 2.5% of the initial load has been added into the network post 

island formation. 
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Simulation outcomes for this case reveal that subsequent inclusion of 12.5 MW in the 

network post-islanding formation a decrement in frequency 49.81 Hz has been observed 

over a duration of 20.8 seconds. Frequency stabilizes to its final value of 49.94 Hz 

corresponding to generation of 388 MW. 

 

Figure 50: Variation in voltage vs time due to load increment of 12.5 MW after islanding. 

 

Generation is at 22kV, when load added after the island was formed, the voltage 

experienced a sudden dip from 22kV to 21.98kV (i.e., 0.09%) which further stabilized 

around 22kV. 
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3.1.14. Case 14: Load increment of 20 MW after island formation 
 

Figure 51: Variation in active power and frequency vs time due to load increment of 20 MW after 

islanding. 

In reference to Case:3 (Generation=380 MW and Load = 500 MW), an increment of 

load of 20 MW i.e., 4% of the initial load has been integrated into the network post 

island formation. 

 

Simulation outcomes for this case reveal that subsequent inclusion of 20 MW in the 

network post-islanding formation a decrement in frequency 49.12 Hz has been observed 

over a duration of 34.1 seconds. Frequency stabilizes to its final value of 49.92 Hz 

corresponding to the generation of 396.4 MW. 

 

Figure 52: Variation in voltage vs time due to load increment of 20 MW after islanding. 
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Generation is at 22kV, when load added after the island was formed, the voltage initially 

experienced a sudden dip from 22kV to 21.96kV (i.e., 0.18%) which further stabilized 

around 22kV. 

3.1.15. Case 15: Load increment of 22 MW after island formation 
 

Figure 53: Variation in active power and frequency vs time due to load increment of 22 MW after 

islanding. 

In reference to Case:3 (Generation=380 MW and Load = 500 MW), an increment of 

load of 22 MW i.e., 4.4% of the initial load has been integrated into the network post 

island formation. 

Simulation outcomes for this case reveal that subsequent inclusion of 22 MW in the 

network post-islanding formation a decrement in frequency has been observed. With 

generation increasing to 396.4 MW and final frequency could not get stabilized since 

the unit was not able to hold the additional load of 22 MW, resulting in in the unstable 

operation of the unit. 
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Figure 54: Variation in voltage vs time due to load increment of 22 MW after islanding. 

Generation is at 22kV, when load added after the island was formed, the voltage initially 

experienced a sudden dip from 22kV to 21.97kV (i.e., 0.14%) which further stabilized 

around 22kV. 

3.1.16. Case 16: Load shed time delay. 
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Figure 55: Variation in active power and frequency vs time due to effect of load shed time delay in 

reference to Case 3. 
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Figure 56 : Frequency comparison between Case 3 and Case 17 

 

In reference to case 3, a delay of 600 milliseconds was introduced in load shedding at 

the moment of island formation. As compared to case 3, 50 MW load is tripped at 48 

Hz. Furthermore, additional load of 74 MW is tripped at 47.62 Hz as shown in Figure 

55 and finally the frequency stabilizes to 50 Hz. 

 

The time taken by the frequency to stabilize from the moment of island formation of the 

unit is 9.8 seconds in case 3 whereas 11.1 seconds is observed for this case. 

 

 
Figure 57: Variation in voltage vs time due to effect of load shed time delay in reference to case 3. 
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Generation is at 22kV, when the island formed, the voltage initially experienced a 

sudden dip from 22kV to 21.58kV (i.e., 1.9%) which further stabilized around 22kV. 

 

3.1.17. Case 17: Island Formation (49Hz) with Rate of Change 0.5Hz/s 
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Figure 58: Variation in active power and frequency vs time during island formation at 49 Hz 

with ROCOF 0.5 Hz/s. 

In reference to Case:3 (Generation=380MW and Load=500MW) island is formed at 

49.05 Hz frequency with rate of change of frequency is 0.5Hz per seconds. 

During an event of grid disturbance, rate of change of frequency (ROCOF) of 0.5Hz 

/sec is simulated, and the unit islanded at 49.05 Hz. The simulations revealed a 

continuous fluctuation for 1.8 seconds in active power from the moment the frequency 

began to fall, to balance the mismatch between the generation and island network load 

demand, a load shed of 124MW was performed at 49.05 Hz. 
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Figure 59 :Variation in voltage vs time during island formation at 49 Hz with ROCOF 0.5 Hz/s. 

For a ROCOF of 0.5Hz/sec, a voltage variation of 1.18% was observed when the unit 

undergoes islanding. 

3.1.18. Case 18: Island Formation (48.4Hz) with Rate of Change of frequency 0.5Hz/s 
 

Figure 60 : Variation in active power and frequency vs time during island formation at 48.4 Hz 

with ROCOF 0.5 Hz/s. 

In reference to Case:3 (Generation=380MW and Load=500MW) island is formed at 

49.05 Hz frequency with rate of change of frequency is 0.5Hz per seconds. 

During an event of grid disturbance, rate of change of frequency (ROCOF) of 0.5Hz 

/sec is simulated, and the unit islanded at 48.4 Hz, along with the load shed of 50MW 

at 48.4Hz, further a load shed of 74MW was simulated at 48.2Hz. The simulations 

revealed a continuous fluctuation in active power for 4.2 seconds from the moment the 

frequency began to fall to balance the mismatch between the generation and island 

network load demand. This indicates that the unit would have difficulty sustaining such 

continuous oscillations till the frequency restores finally to 50Hz. 
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Figure 61 :Variation in active power and frequency vs time during island formation at 48.4 Hz 

with ROCOF 0.25 Hz/s. 

For a ROCOF of 0.5Hz/sec, an increase in voltage at the instant of islanding (49Hz) 

was 22.26 kV from 22kV. A voltage variation of 1.18% was observed when the unit 

undergoes islanding. 

 

 

3.1.19. Case 19: Effect of Linear and Non-Linear Valve behavior on Active Power 

In all the above simulation cases performed, a linear relation between the governor 

output and active power was assumed as shown in Figure 62. 
 

Figure 62:Linear behavior in governor output and Active Power. 
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Typically, there may be a case where the relationship between governor output and 

active power is nonlinear among different operating levels. Hence to explore the effect 

of non-linearity on the stability of island operation a non-linearity between the governor 

output and active power was introduced in the simulation model in the range of 630 MW 

to 680 MW as shown in Figure 63. The load variations of 26 MW and 30 MW post island 

formation is simulated with linear and nonlinear behavior. 
 

Figure 63:Non- Linear behavior in governor output and Active Power. 

To compare the effects of linearity and non-linearity between the governor output and 

active power, the following simulation cases are conducted and discussed below. 
 

Figure 64:Effect of Linear Valve behavior in increment of 26MW in post island network. 

A load increment of 26MW post islanding is simulated taking linear behaviour in that 

region, while adding 26MW post islanding, it was observed that for linear valve 
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behaviour a frequency dip of 49.72Hz for a time span of 16.35seconds. Later the 

frequency was stabilized to the final value of 50.08 Hz as shown in Figure 64. 
 

 

Figure 65: Effect of Non- Linear Valve behavior in increment of 26MW in post island network. 

 

Figure 65, shows the non-linear valve behaviour, with the active power, after a load 

increment of 26 MW in the post island network, shows a frequency dip of 49.15Hz for 

a span of 26.94 seconds and final frequency stabilizing to 49.97 Hz. 

Thus, it can be concluded that for a load increment of 26 MW post islanding there is 

large frequency dip for a longer duration in non-linear valve behaviour compared to 

linear valve behaviour. 
 

Figure 66: Effect of Linear Valve behavior in increment of 30MW in post island network. 
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As shown in Figure 66, a load increment of 30 MW in post island network is shown, 

considering a linear behaviour, between the valve and active power. It was observed that 

for linear valve behaviour for the increment of 30MW in post island network a frequency 

dip of 49.22 Hz was observed for a time span of 25.25 seconds in the post island 

network, and unit finally stabilizing to 49.98 Hz. 
 

 

Figure 67:Effect of Non-Linear Valve behavior in increment of 30MW in post island network. 

As shown in Figure 67, it was observed that for non-linear valve behaviour, a load 

increment of 30MW post islanding results in tripping of unit indicating an unsuccessful 

operation of the unit which earlier showed a successful island operation of the unit due 

to linear valve behaviour for similar load increment of 30MW. 

From the preceding cases, it is evident that the non-linearity between the governor 

output and active power yields adverse outcomes compared to the linear relationship 

between them. Hence, to verify the simulation results from cases 1 to 19 (refer to 

sections 3.1.1 and 3.1.19), it is advisable to conduct online island operation tests for a 

more comprehensive understanding of unit undergoing islanding. 
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4. Islanding Scheme: 

Based on the simulation performed for the Dynamic Study of Patna Islanding, it was 

observed that, during the event of grid disturbance unit undergoing islanding should be 

disconnected from the grid as soon as the grid frequency reaches 48.4Hz taking unit 

tripping limits of 47.4Hz into consideration OR at 49Hz, if rate of change of frequency 

(ROCOF) is 0.5Hz/sec (i.e., df/dt ≥ 0.05Hz/sec) (refer section 3.1.9 & 3.1.17). 

Additionally, the fault at the grid bus should be cleared within 220 milliseconds 

considering the critical clearing time (refer section 3.1.5). 

When there is an excess of generation compared to the island's load demand (refer 

section 3.1.2), it is crucial to initiate islanding to match the generation with the island 

network's load demand. 

However, at the same time, it’s important to ensure the stable operation of the unit, 

considering the steam dynamics, bypass control, boiler response etc. Additionally, to 

validate the simulation results, conducting island testing for scenarios where generation 

is in surplus and the island network's load demand is low is recommended. 

In the event of a generation shortfall relative to its loading conditions, a load shedding 

of 50MW could be triggered (see section 3.1.3), followed by an additional load shedding 

of 10% of the island's load demand to balance the mismatch between generation with 

loading conditions. A load shedding of 150MW (see section 3.1.4) could also be 

activated along with a load shed of 10% of island load demand, aiming to balance the 

generation and load demand. 

The simulation results (refer to section 3.1.7& 3.1.14) indicate the feasibility of 

incorporating an additional 4% of island load demand into the post-islanding network. 

However, based on the simulation results for unit generation at Maximum Continuous 

Rating (MCR), equivalent to 660MW, an additional load of 6.5% of the island network 

load demand is achievable. 

Simulation studies on both linear and non-linear valves behavior demonstrate the 

necessity of conducting island operation tests to enhance our understanding of valve 

operation and control loop interaction of the boiler and turbine within islanded networks. 

To ensure the successful operation of the unit during islanding, it is recommended that 

the governor operates in a free governing mode and gives priority to speed control post 

islanding. 
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5. Simulation Observations 

Based on the simulations performed for several cases as mentioned in the report, the 

following observations with subsequent recommendations are listed below: 

Case 1 and Case 2: To ensure that island frequency remains within the under- 

frequency setting of 47.4 Hz, it is recommended to initiate islanding at 48.4Hz. It's 

essential to balance the island load demand of the network in line with the generating 

unit undergoing islanding to maintain stable operation. 

Case 3 and Case 4: To ensure that island frequency remains within the under-frequency 

setting of 47.4 Hz, it is recommended to initiate islanding at 48.4Hz. Whenever there is 

mismatch between the generation and island load demand, load shed should be 

conducted as necessary, with the extent determined by the criticality of the island load 

demand. 

Case 5: By simulating the three phase to ground fault at the grid bus, it was observed 

that a clearing time of 220 milliseconds or below would prevent the unit from 

desynchronizing. Hence any delay larger than 220 milliseconds would will results in 

loss of synchronism for the unit. 

Case 6 to Case 8: With reference to Case 1, when unit goes into island, three cases (case 

6 to case 8) of incremental load were carried out post islanding. Based on this it was 

concluded that an increment of load to 6.5% of the total island load demand constitutes 

a safe operating limit. Thus, it is recommended that in the scenarios involving post island 

load addition, an additional load of higher than 6.5% should not be added for stable 

island operation. 

Case 09 to Case 11: In reference to Case 1, during grid events with a high rate of change 

of frequency (ROCOF) of 0.5Hz/sec, islanding the network at 48.4Hz resulted in 

continuous oscillations in actual power, indicating difficulty in stabilizing the unit. 

While, for such high ROCOF events, islanding the unit at 49 Hz shown more suitable, 

suggesting that for rapid frequency changes, unit islanding should occur with minimum 

delay. However, for events with relatively slower rate of change of frequency 

(0.25Hz/sec) (refer case 12), it is suggested that islanding at 48.4 Hz, would give stable 

island operation. be safe option for the unit. 

Case 12: Referring to case 3, if a load shed of 68MW was performed at the moment of 

islanding instead of 74MW, frequency stabilizes to its final of 50Hz at a slower rate. 

This implies that if the power plant process could accommodate this slower rate, a load 

shed of 68MW could be implemented, resulting in 6MW less reduction in the load 

compared to the typical load shedding scheme of 74MW. 

Case 13 to Case 15: In reference to Case 3 effect of load increment post islanding was 

observed, from simulations it can be concluded that an increment of load to 4% of the 

total island load demand constitutes a safe operating limit. Thus, it can be suggested that 

in the scenarios involving post island load addition, an additional load of approximately 

4% of the island load demand can be safely accommodated, subjected to boiler response. 
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Case 16: In reference to Case 3, a time delay of 600 milliseconds in load shedding was 

introduced while islanding, it was observed that this time delay caused the unit to initiate 

frequency recovery from 47.6Hz, which is in close proximity to the tripping frequency 

of 47.4Hz. Thus, suggesting that a delay less than 600 milliseconds is more favourable 

from the perspective of ensuring unit stability. 

Case 17 to Case 18: In reference to case 3, During events with a rate of change of 

frequency (ROCOF) of 0.5Hz/sec, islanding the unit at 48.4Hz resulted in continuous 

oscillations in actual power, indicating difficulty in stabilizing the unit. While, for such 

high ROCOF events, islanding the unit at 49 Hz was observed to be more suitable, 

suggesting that for rapid frequency changes, unit islanding should occur at a frequency 

higher than 48.4Hz. 

Case 19: While performing the simulation studies, to understand the effect of linear and 

non-linear valve behavior, it was noted that unit exhibits unstable operation when 

subjected to non-linear valve behavior, leading to tripping of unit during 30MW load 

increment in the post-island network. Thus, it is recommended to perform the online 

island operation test to analyze any non -linear valve behavior within the unit and also 

it will help to gain insights into control loop interaction including the effect of the boiler 

and turbine. 
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6. Recommendations 

In all the simulation cases performed, the following assumptions were made: 

 Main steam pressure was constant. 

 Linear control valve behavior was considered. 

 Response of the boiler along with turbine was assumed to be linear. 

However, in practical situations, the results might vary from the findings of simulations. 

To address the objectives outlined in scope item (3), Solvina had proposed conducting 

islanding testing at one of the units of NTPC Nabinagar in the kickoff meeting held on 

01-12-2023. This test would have not only fulfilled the requirements of scope (3) but 

also would have provided an opportunity for NTPC Nabinagar to gain insights into 

governor behavior under varying load conditions. 

Hence to assess the response during any contingency situations considering the above- 

mentioned assumptions, it is recommended to perform simulated online island operation 

test. By performing simulated island operation test, the actual behavior of the unit would 

be known, making the islanding scheme more reliable. It will further validate the 

findings from the simulation studies. The results of simulated island operation test shall 

give the following: 

 Load handling capability of the turbine undergoing islanding. 

 Effect of valve linearity in the entire operating range. 

 Boiler response and other related control loop along with turbine. 

 Identify the system bottlenecks. 

 To validate the simulation results performed in this report. 

The simulated online test method and benefits are described in Annexure 7. 
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List of Annexures 

Annexure 1: Generator datasheet 

Generator datasheet as shared by NTPC Nabinagar Island network can be 

accessed using the link mentioned below: 

https://drive.google.com/open?id=1L4eVKdCi9ZQgAI0GKt0A54whfNeNUcL_& 

usp=drive_fs 

Annexure 2: Governor and turbine datasheet 

Governor datasheets shared by NTPC Nabinagar Island network can be accessed 

using the link mentioned below: 

https://drive.google.com/open?id=1LJPml_osa6gvROBP- 

lw6TvmLV0Og0XkZ&usp=drive_fs 

Annexure 3: Turbine datasheet 

Turbine datasheet shared by NTPC Nabinagar Island network can be accessed 

using the link mentioned below: 

https://drive.google.com/open?id=1LU8Tvnb4_GCuNWgLcCyX5EqR7kGJNhuq 

&usp=drive_fs 

Annexure 4: Transmission line data 

Transmission line data shared by NTPC Nabinagar Island network can be 

accessed using the link mentioned below: 

https://drive.google.com/open?id=1LYZihUe2xTG9po_5odS- 

VTdEMzWcPAhg&usp=drive_fs 

Annexure 5: MOM_Kick-off meeting_Patna Islanding Scheme_NTPC Nabinagar 

https://drive.google.com/open?id=1Lg6WC6NUOtIbMHAmnVCamzCtt9RJEdnf 

&usp=drive_fs 
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Annexure 6: Generator voltage variations in all simulation cases performed. 

Table of voltage variation of NTPC Nabinagar generator for different simulations 

scenarios 
 

Cases Simulation 

Scenario 

Initial 

voltage 

(kV) 

Final 

voltage 

(kV) 

Change in 

voltage(kV) 

Percentage 

change in 

voltage 

1 Maximum Generation 

and Maximum Load 

22 21.83 -0.17 -0.77% 

2 Maximum Generation 

and Minimum Load 

22 21.7 -0.3 -1.36% 

3 Minimum Generation 
and Minimum Load 

22 21.6 -0.4 -1.81% 

4 Minimum Generation 

and Maximum Load 

22 21.44 -0.56 -2.54% 

6 Load  increment  of 
33.25MW post island 
formation (in reference 

to case 1) 

22 21.9 -0.1 -0.45% 

7 Load  increment  of 
42.75MW after island 
formation (in reference 

to case 1) 

22 21.86 -0.14 -0.63% 

8 Load  increment  of 
52.25MW after island 

formation (in reference 

to case 1) 

22 21.83 -0.17 -0.77% 

9 Island formation at 

49Hz with frate = 

0.5Hz/s (in reference to 

case 1) 

22 21.84 -0.16 -0.72% 

10 Island  formation  at 

48.4Hz with ROCOF 

(frate) = 0.5Hz/s (in 

reference to case 1) 

22 21.85 -0.15 -0.68% 

11 Island  formation  at 

48.4Hz with frate = 

0.25Hz/s (in reference 

to case 1) 

22 21.84 -0.16 -0.72% 
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12 Optimal load reduction 

during island 
formation (in reference 

to case 3) 

22 21.58 -0.42 -1.91% 

13 Load  increment  of 

12.5MW  (2.5%  of 
island load) after island 

formation (in reference 

to case 3) 

22 21.98 -0.02 -0.09% 

14 Load increment of 

20MW (4% of island 
load) after island 

formation (in reference 

to case 3) 

22 21.96 -0.04 -0.18% 

15 Load increment of 

22MW (4.4% of island 

load) after island 
formation (in reference 

to case 3) 

22 21.97 -0.03 -0.14% 

16 Load shed time delay 

(in reference to case 3) 

22 21.58 0.42 -1.9% 

17 Island Formation 
(49Hz) with Rate of 

Change 0.5Hz/s (in 

reference to case 3) 

22 22.26 0.26 +1.18% 

18 Island Formation 
(48.4Hz) with Rate of 

Change of frequency 

0.5Hz/s (in reference 
to case 3) 

22 22.18 0.18 +0.81% 
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Annexure 7: Simulated online island operation test. 

The purpose of the tests is to investigate the generator’s capability to control the 

frequency in island operation, in a simulated grid similar to the real island grid. 

Furthermore, the linearity test (load sweep) & governor’s open loop step response test 

will be performed to assess steam valve response linearity and to ensure governor’s 

correct function in island operation respectively. 

The following goals shall be reached when the tests are carried out: 

 Verify correct function of droop and response to frequency changes. 

 Clarify how large electric load changes can be managed during island operation 

without exceeding the frequency limits and within the capability of the steam 

system. 

 Assessment of the steam valve response linearity. 

 Suggestion for tuning the governor speed control if required. 

 Impact of various control loop interactions (including influence from the boiler 

and turbine side). 

The benefits of conducting island operation test: 

 Optimization during testing (Parameter tuning) 

 Determine operation limits. 

 Find malfunctioning equipment. 

 Correct improper settings. 

 Validation of dynamic model with the test results 

 Control loop interaction form boiler & turbine side during islanding. 

Method of Island operation test 

Solvina has developed a method and test equipment for testing the capability of a turbine 

to keep the frequency stable in island operation while still keeping the generator 

synchronized to the main grid. The equipment is called SolvSim Power Station, SSPS. 

The test method uses the principle of “HardWare In the Loop”, meaning that a simulator, 

which is simulating an island grid, is connected to the speed governor of a turbine and 

sends a simulated frequency signal to the frequency input of the governor. The simulated 

frequency is calculated in real time from the balance between turbine power (which is 

measured as the corresponding generator power since the actual frequency is mainly 

constant) and the simulated electric load of the island. The speed controller will then act 

as if it is actually running in island operation. 
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Method for island operation testing. 

This method allows testing the island’s operation capability in a safe manner and 

without risking a blackout. If the simulated frequency becomes unstable due to the 

power plant response, then the simulation is simply stopped, and the governor returns 

to normal operation. 

At the same time, it is a complete test since it requires the same action of the steam valve 

and other equipment as in real islanded operation. The capability of the boiler to keep 

the steam pressure stable in islanded operation is tested at the same time. The governor 

can be tuned during the test for best frequency stability. 

During the test, the governor must be set up so that it operates in the same control mode 

(speed control with droop) as it would in real islanding, despite that the islanding breaker 

remains closed. This can be done by simulating the breaker position open. 

Models of loads as well as other power producers can be included in the model of the 

electric island. 
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DETAILED PROJECT REPORT 

FOR 

APPOINTMENT OF AGENCY FOR TURNKEY CONTRACTS 

FOR DESIGN, SUPPLY, ERECTION, TESTING AND 
COMMISSIONING FOR ESTABLISHMENT OF EWATCH 

SERVER FOR ABT METER AT BACKUP SLDCAT 
CHANDAUTI GSS AND FOR SHIFTING OF EXISTING 

EWATCH SERVER FROM EXISTING SLDC AT VIDYUT 
BHAWAN TO BREDA BHAWAN. 

ATE 
POWER RANSMIsSION 

COMP 

COMPANY LTO. 

Bihar State Power Transmission Company Limited, Patna. 
October-2025 
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This proposal covers the Detailed Project Report for Shifting of eWatch Server from existing SLDC at 
Vidyut Bhawan to BREDA BHAWAN under SCADA Upgradation Phase-I|I and Establishment of 
Backup eWatch server at Backup SLDC at Chandauti GSS including all related works. 

The estimated cost of the project is based on prevailing market rate. 

Details are furnished below: 

A. 

Establishment of Backup eWatch server at Backup SLDC at Chandauti GSS and Shifting of 
eWatch Server from existing SLDC at Vidyut Bhawan to BREDA BHAWAN 

Supply & Service Portion for Establishment of Backup eWatch server at 
Backup SLDC at Chandauti GSS 

SI. No. 

PREAMBLE 

2 

B 

1 

(Rs. In Crs.) 
Total Cost 

Deseription 

Total price for Supply of all items involved in 
Establishment of Backup eWatch server at Backup 
SLDC at Chandauti GSS. 

Installation and Service Cost involved in 
Establishment of Backup eWatch server at Backup 
SLDC at Chandauti GSS including 3 years of AMC 

and Security Audit. 

Installation and service cost for shifting ofeWatch 
Server from existing SLDC at Vidyut Bhawan to 
BREDA Bhawan. 

Shifting of eWatch Server from existing SLDC at Vidyut Bhawan to BREDA 
Bhawan 

Total 

Total Value (Rs.) (Incl. 18% 
GST) 
2,94,85,205.86 

Grand Total 

2,92,68,648.39 

11,50,500.00 

5,99,04,354.25 

5,99,04,354.00 

Note:- As the project is envisaged to be financed from "Internal Resource Fund (IRE) ". 
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SI. No. 

1 

2 

3 

Description 

CONTENTS 

Context and Background; Justification 
Scope of Work 
Project Cost Estimate and Funding Arrangement 
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BACKGROUND: 

Bihar State Power transmission Co. Ltd (BSPTCL) a wholly Owned corporate entity under Bihar 
Government was incorporated under the Companies Act 1956 on Ist Nov 2012 after re-organisation of 
erstwhile Bihar State Electricity Board (BSEB). 

Bihar State Transmission Company Limited (BSPTCL) is a State Transmission Utility under 
BSP(H)CL formed under the Company Act 1956 to carry out the activities related with Intra State 
Transmission and wheeling of electricity in the State. BSPTCL is a Deemed transmission licensee in the 
State of Bihar. 

EXECUTIVE SUMMARY 

As per Ministry of electronics and Information Technology guidelines for Indian government websites 
and applications, ver. 3.0, clause 5.3.2 

"Department to ensure the HSP is providing DC, BCP and DR environments with state-of-the-art secure 
infrastructure configured in high availability (HA) mode for hosting the Websites, Web Applications, 
Web Portals or Mobile Apps and their respective Content Management System (CMS). The HSP must 
ensure that the Primary Data Centre (DC), Disaster Recovery Centre (DRC) are geographically located 
far from each other in different seismic zones." 

The SCADA system and the scheduling module of SAMAST have been declared as Critical Information 
Infrastructure (CIl) by the National Critical Information Infrastructure Protection Centre (NCIIPC) and 
notified as Protected Information Infrastructure (Pll) in the Bihar Gazette. 

A Regional Disaster Management Group (RDMG) has been constituted in accordance with the Disaster 
Management Plan for Power Sector (2022) formulated by the Centra! Electricity Authority (CEA) and 
approved by the Ministry of Power, Government of ndia, in compliance with the Disaster 
Management Act, 2005. The status of Emergency Operation Centers (EOCs) / Control Rooms and their 
corresponding Backup EOCs / Control Rooms in the power sector is being regularly reviewed in the 
meetings of the Eastern Regional Disaster Management Group (RDMG). 

Presently, more than 4200 ABT meters have been installed across various Grid Sub-Stations (GSS) of 
BSPTCL, BGCL and other utilities of Bihar. All these meters communicate with SLDC through Automatic 
Meter Reading (AMR) via the eWatch server located at the SLDC Control Room. The data fetched from 
these ABT meters are used for Energy Accounting, State Transmission Loss computation, real time load 
monitoring and generation of various analytical reports. 

In view of the critical nature of these data, there is a need to establish a Disaster Recovery Centre (DRC) 

to ensure the security and continuity of ABT meter data of BSPTCL. As per MeitY guidelines (Version 
3.0, Clause 5.3.2), the Primary Data Centre (DC) and Disaster Recovery Centre (DRC) must be 
geographically distant and situated in different seismic zones. Accordingly, Gaya has been identified as 
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the suitable location for developing the Backup SLDC, where the DRC will be established, being 
geographically distant from the Primary Data Centre at Patna. 

The proposal for Shifting of eWatch Server from existing SLDC at Vidyut Bhawan to BREDA 
BHAWAN under SCADA Upgradation Phase-|I| and Establishment of Backup eWatch server at 
Backup SLDC at Chandauti GSS including all related works. 
SI. No. 

A 

2 

SCOPE OF WORK 

2.| Shifting of eWatch Server from existing SLDC at Vidyut Bhawan to BREDA BHAWAN 

SI. No. 

1. Establishment of Backup eWatch server at Backup SLDC at Chandauti GSS including all 
related works and AMC & Audit for 3 Years. 

Estimate for the Establishment of a Backup eWatch Server at the Backup SLDC, Chandauti 
GSS, including Annual Maintenance Contract (AMC), Security audit, and all associated 

works, as well as the shifting of the existing eWatch Server from SLDC, Vidyut Bhawan to 
BREDA Bhawan under SCADA Upgradation Phase-III. 

B 

Proposed Schemes 

SUMMARY OF THE ESTIMATED COST 

Supply & Service Portion for Establishment of Backup eWatch server at 
Backup SLDC at Chandauti GSS 

Description 
Total price for Supply of all items involved in 
Establishment of Backup eWatch server at Backup 
SLDC at Chandauti GSS. 

Installation and Service Cost involved in 
Establishment of Backup eWatch server at Backup 
SLDC at Chandauti GSS including 3 years of AMC 
and Security Audit. 

Detail sheet of Estimated Cost has annexed. 

Installation and service cost during shifting of 
eWatch Server from existing SLDC at Vidyut 
Bhawan to BREDA Bhawan. 

Shifting of eWatch Server from existing SLDC at Vidyut Bhawan to BREDA 
Bhawan 

Total 

Grand Total 

**** %* 

Total Value (Rs.) (Lncl. 18% 
GST) 
2,94,85,205.86 

2,92,68,648.39 

11,50,500.00 

5,99,04,354.25 

5,99,04,354.00 
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Cost of AMC & Audit for Backup eWatch at Gaya Ji 

AMC Cost for 3 Years (in Rs.) 

AMC  Charges per lot for Year -1  3760000 

AMC  Charges per lot for Year -2 4211200 

AMC  Charges per meter lot Year -3 4716544 

Cyber security audit (annualy) 

Audit -year-1st 3500399 

Audit -year-2nd 3780430.92 

Audit -year - 3rd 4082865.394 

Total  24051439.31 

GST @18 % 4329259.076 

Grand Total 28380698.39 
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