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€ Renewables in India: Present and Future ¥GR,D sfsar

Present Total Installed Capacity — 417 GW FY 26-27 FY 31-32
Present RE Installed Capacity — 174 GW*

574, Ba%
All India installed capacity (MW) as on 31-05-2023
Total-417 GW 43%
0.14%
| r1.6-29"6 32%

15 s Fossil fuel (GW) ® Fossil fuel (GW)

/‘ a5 = Non-Fossil fuel (GW) » Non-Fossil fuel (GW)

16%

43.14%
10%

u Small hydro (4944.30 MW) = Bio-Power (10,804.54 MW)

= Wind (43198.98 MW) m Solar (67821.22 MW)

n Coal (2052355 MW) = Gas (24824.2 MW) = Diesel (589.2 MW) = Nuclear (6780 MW) = Hydro (46850.17 MW) = RES (126769.04 MW) * Source: Natlonal EIeCtrlClty Plan — Voll
Generation ( Notified vide Extra ordinary
Gazette No. 3189, SI. No. 329, under part
lll, Section IV dated 18.05.2023

e Source: https://cea.nic.in/installed-capacity-report/?lang=en
* RE installed Capacity includes Hydro also
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2@ Performance Assessment of IBRs
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RE plant
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validation

* Active ,Reactive power variation with respect to variation in voltage is used to check compliance of RE plants during any

event.
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28 FRT performance 'y e
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LVRT: 13 " HVRT RE plant can cut off the

1.2f---- connection with the Grid
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high voltage for specified time ,provide active and
reactive power, active power may reduce during
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FRT- Fault ride through, HVRT-High Voltage Ride Through, LVRT-Low Voltage Ride Through Time (seconds)
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FRT performance
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Z2¢  FRT performance : Non-compliance
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Wind x

Voltage, Active and Reactive Power 22-01-2023 at 06:12hrs
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Voltage, Active and Reactive Power 14-01-2023 at 17:35hrs
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Plant Capacity : 300 MW,
Connected at 220kV level,
WTG : Rating - 2.1 MW & 2.3 MW, 136 Nos

Interference due to communication cable in turbines
-Electromagnetic cable sleeves provided

Plant Capacity : 230 MW,
Connected at 220kV level,
WTG : Rating—2 MW, 2.1 MW & 2.3 MW, 111 Nos

Issue of hold time in one specific make WTG observed
- being resolved by OEM
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8 FRT performance : Non-compliance Tt
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22€  Voltage oscillations in RE complex U

Dominant Modes

Intermittent Forced Low Frequency . 0.069 Hz
Oscillations during solar hours

e 0.03-0.08 Hz

« 25-5Hz
KV ——R-Phase Y-Phase ——B-Phase
408 Voltage oscillation magnitude (peak to peak 8-10 kV) 1o Frequency spectrum (FFT done in MATLAB)
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22€ Injection of reactive power in different phase i 2=

Reactive power injection by different RE plants in different phases
MVar - mean(MVar) Data from Multiple Sheets and VPM from One Sheet .
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G2@ Active and Reactive power oscillation in RE complexijf 2z

Oscillation in voltage/reactive power
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Active power oscillation in inter-regional line

Oscillation in power .
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G2@Anqular variation of RE pooling station during grid eventiE D)

Angle with respect to Khetri station
| I I
400kV Fatehgarh(Adani)-Fatehgarh2 Ckt-2 (Fatehgarh(Adani) end)

400kV Fatehgarh(Adani)-Fatehgarh2 Ckt-1(Fatehgarh-2 end)
400kV Bhadla-Bikaner Ckt-1 (Bikaner end)

35 400KV Bhadla-2 Bhadla Ckt-2 (Bhadla-2 end) B
400kV Bhadla Bhadla(RS) Ckt-2(Bhadla end)

30 — —
25_ il . . .
WWMWWW  Oscillation in  angle
20 . .
| Variation in angle due to active power oscillation observed during the grid
< event
:
10 o . .
* Oscillation observed in
5 power flow in outgoing
i transmission lines
Generation loss
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Time(hh:mm:ss:ms)

Angular variation across pooling stations in Rajasthan RE complex during grid event on 9t Feb 2023
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Model validation of RE plants

v/

. POI Voltage
=
% —— Actual f— —— simulated
» 0.95
=
o
>
=]
£ 0.90 1
-
=3
E . . . , |
e 0 4 6 8 10
Time (s)
s Plant Active Power Response
= 280 1 —— Actual —— Simuiated
T
8§ 270
S 270
2
E 260
-
=
5 T - . r T
o o] 4 6 8 10
Time (s)
Plant Reactive Power Response
s
s — Actual || —— simulated
o 0+
o
v
=
E —50
L7
o
L
s
o —100 - T T T T T
0 4 6 8 10
Time (s)

- 0.95

- 0.90

- 280

270

- 260

X

GRID-INDIA

POI Voltage
a —— Actual —— Simulated
< 1.00 1 - 1.00
v}
S
= L
s 0.95 0.95
e
]
® 090 - 0.90
]
E
@ T T r T
0 4 ] 10
Time (s)
— Plant Active Power Response
=
s —— Actual h —— Simulated
= 160 | - 160
o
H
8 150 | - 150
2
=
< 140 - 140
-
5
e 0 4 6 10
Time (s)
Plant Reactive Power Response
l—
[ —Sirrtkat
3 0 ed o
o
[-%
g
‘= —10 - —10
o
o
&
£ 20 L —20
S
[-% ' T ’
0 4 6 10
Time (s)

250 MW wind farm,

2.1*120 WTGs
Response seems matching with real time event

300 MW wind farm,

2.5%125 WTGs

Response not matching with real time event
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= Monitoring of FACTs devices '
Reactive Power of STATCOM 1 and 2 at pooling station
MVAR—Statcom 1 Reactive Power -—-Statcom 2 Reactive Power -—Bus Voltage
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150 400
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22 Summary o R

1. Synchrophasors have been effectively utilized for visualization, situational awareness and decision making in real-

time

2. Synchrophasors provide good insights during post despatch analysis of IBR performance in the absence of Inverter

level data

3. Limitations of analysis based on PMU data

* Difficult to capture the performance of inverters (like response time, withdrawal time, etc.) with a data resolution of 40ms
* Active and Reactive power observed in the PMU plots is the aggregate injection of the plant

* Individual performance of inverters/clusters of inverters during the oscillation cannot be visualized

4. Way ahead for utilization of synchrophasors

* Installation of PMU at POl is being considered (presently they are at the RE plant end of the evacuating line)

*  Placement of PMUs with higher frames per seconds (Presently it is 40ms)
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