


ALL INDIA INSTALLED GENERATION CAPACITY
(MW)

m Coal

m Gas

m Diesel

Nuclear
m Hydro
m RES
Category Gen (MW)
Coal 186593
Gas 25057
Diesel 919
Nuclear 578C
Hydro 4296¢
RES 44237
Total 305554




Renewable Energy Installed capacity in India (MW)
Renewable Energy In India — Solar &
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Envisaned Renewahle Canacitv in RF Rich Statesf
All India Wind Penetration (in Energy terms)

- High Wind generation during
June to August.

- All India level penetration — 9%
(max achieved)

> State-wise penetration level [——
achieved (appx): ; 1
1. Tamil Nadu —37% E»» ----------------- HE e
2. Rajasthan ~26%  [iwo ‘-' T R
3. Karnataka —25% S 1l ].""' I J; | I |§1‘|i' |
2 oarat -22% | RV 0L BRI aa
5. Maharashtra - 12% Ty L .u.,’ hl._haf',ﬁ"'-\r"{. |
BTN T TR D Y T T A T B I
2782014 MLDC - POSOCO 15

Moreover, SHP addition: 2061MW (H.P: 1281 MW; Karnataka: 418MW; J&K-362)




State wisec Installed wind power
capacity and penetration level

Total installed | Wind Capacity | Wind capacity
capacity(MW) - penetration(%)

1. TamilNadu 20036 7179 35.83%
2. CaraiElE 14357 2142 14.92%
3. Gujarat 22537 3164 14.04%
4. e e 31806 3008 9.46%
5,

Rajasthan 12954 2683 20.71%



Penetration Level of Wind Energy
(in terms of MU)

Sl Max Wind Energy | Energy Met on | % Penetration Level
No. Gen.(MU) Same day (MU) of Wind energy
1{All India 210 2649 7.9%
2|Southern region 100 637 15.7%
3 Tamil Nadu 75.3 201 37.5%
4 Karnatka 28 121 23.1%
5|Western Region 79.3 746 10.6%
6 Gujrat 439 2378 18.5%
T Maharastra 36.3 334 10.9%
7 Northern Region 32.4 833.3 3.9%
8 Rajasthan 324 146.4 22.1%




Annual Wind Energy Generation Pattern During 2011

All India & Region Wise Annual Wind Generation Pattern
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Wind Power Generation Pattern in Tamil Nadu During 2C

Tamil Nadu Typical Daily Wind Generation Pattern Month wise
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Typical Solar Power Generation Pattern in Gujarat

Typical Daily Solar Power Generation Pattern in Gujarat
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Typical Demand Profile and supiiyx in Southern Region

(July 2011)
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Typical Pattern of Southern Region Electricity Demand and Supply from different Sources
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Typical Transmission Arrangement of RE
Generation Farm with Grid

RE Generation/Developer Intra State

FARM
690V/33kV

RES -1 %:'—@—\ 33/132kV 1321220k
33/132kV
RES -2 % sl
Q ‘ 220/400kV

RES - 3 %:'_@7‘

LOCATION -1
FARM
690V/33kV/220kV®
FARM W 2 RES - 7

690V/33kV/66kV

RES -4 %j—@}k@%
RES. 5 %‘—@4 66/220kV
@ I

690V/33kV/220kV

RES -8

220/400kV

66/220KV , B LOCATION - 3
) ‘ O —
RES - 6 W
LOCATION - 2 | |

Existing Substation + Strengthening




Solar Power Evacuation Scheme
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ISTS Strengthening (Padt)

Region

Substations:

Transmission Lines

Estimated Cost

Northern

765/400kV,
Substation at
Jodhpur, Ajmer
,Chittorgarh,Mog&
Suratgarh
Augmentation of
transformation
capacity at
Chittorgarh,Moga
,Ajmer and
Suratgarh
substation

To Io Do DoDo  To Do Do o Io Do Do Do Do Do

765kV Jodhpur(New) Ajmer(New) D/c

765kV Ajmerg SuratgarhD/c

765kVSuratgarhg MogaD/c

Chittorgarh¢ Ajmer(New) 765kV D/c
Ajmer(New) SuratgarkiNew) 765kV D/c
SuratgarliNew)}MogaPG) 765kV D/c
BhadlgNew) Ajmer(New) 765kV D/c
Chittorgarh(New) Chittorgarh(RVPN) 400kV D
(Quad)

Ajmer (New)j Ajmer (RVPN) 400kV D/c (Quad)
Suratgarn(New) Suratgarhexisting) 400kV D/c
(Quad)

Bhadla(New) Bhadla(RVPN) 400kV D/c (Quad
Bhadla(New) Pokarannew-RVPN) 400kV D/c

(Quad)
Suratgarlinew) Suratgarhd00kV D/c

Ajmer (newjAjmer 400kV D/c
400kVKankrol Ajmer(New) D/c

N—r

Rs 4102 Cr.




ISTS Strengthening (Padt)

Region Substations: Transmission Lines Estimated Cost
Western Up gradation of 400kV |A  BhujPoolc Banaskanth&65kV Di/c Rs. 1868 Cr.
Narendra& Kolhapur | A Banaskanth& Chittorgarh765kV D/c
Iselilt()asltatlons at 765kV | A Banaskantha Sankhari 400kV D/c
265/400KV substation at A Sﬁtgtl)allsr}ment of 765/400 kV, 2x1500 MVA S/ at
Bhujpool Banaskantha ujFoo _
A 400kV Solar Palk (GETC@)Chittorgarh Di/c
A 400kVBachauPG) Solar Parkl (GETCQ)
UdaipurKankrol{PG) D/c
Southern  |HVDC terminal stations{ A  +500 kV, 2500 MW New Pugukirlyderabad | Rs. 4245 Cr.
at New Pugulur & , HVDC Bipole line
Hyderabad along with AC o
stations A Srisailang Kurnool 400kV D/c
A New Pugalur Udumalpet 400kV D/c
A New Pugalur Vagarai 400kV D/c
A New Pugalur Pugalur 400kV D/c
A Hyderabad; Hyderabad(New) 400kV D/c
A LILO of Tuticorin Po&@alem 765kV line at New

Pugalur (initially to be operated at 400kV)

Rs. 10215 Cr.




PROPOSED HIGH CAPACITY TRANSMISSION

CORRIDORS FOR RE PROJECTS
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UDUMA pET giew pdcaLur ettt 765KV AC Corridor
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ISTS Strengthening

Transmission line

Sub Stations

Estimated Cost in

State Rs. Crore
Northern | 9 1480 ckms of 765 kV line | I 3 no. of 765/400kV S/s 4102
1 580 ckms of 400 kV line | T Augmentation of
transformation Capacity
at Moga S/s
Western | 1440 ckms of 400 kV line | § Up gradation of 400 kV 1868
Kolhapur S/s to 765kV
level
Southern | § 60 ckms of 765 kV line 1 2 no. of +/- 500 kV 4245
1 620 ckms of 400 kV line HVDC terminal stations
1 1600 ckms of HVDC line along with 400 kV S/S
1 Up gradation of 400 kV
Narendra S/s to 765kV
level
Total 10215




System strengthening within state for conveyance of ISTS

Reqi Stat Transmission Sub Stations Estimated
egion ate line Cost in Rs. Cr.
Southern | Tamil Nadu, | Y1500 ckms of 16 no. of 400/230/110 kV S/s
Karnataka, 400kV line 74 no. of 230/110 kV S/s
A. P 11500 ckms of 92 no. of 400/220 kV S/s
230KV line 74 no. of 220/132 kV S/s 4450
11898 ckms of 1400/220 kV S/s
220 kV line Augmentation
1220/132 kV S/s
Augmentation
Western | Gujarat, 11384 ckms of 1400/230 kV S/s
Maharastra 220 kV line Augmentation 1293
1235 ckms of 132 | 9220/132 kV S/s
KV line Augmentation
Northern | Rajasthan, | 1740 ckms of 1220/132 kV S/s
H. P. 400kV line Augmentation
1500 ckms of 220 | 91 no. of 33/220 kV S/s 1309
KV line 1220/132 kV S/s
1310 ckms of 132 | Augmentation
KV line
Total 7052




Intra State Strengthening

Transmission line

Sub Stations

Estimated Cost

State (Rs Cr)
Tamil Nadu 11440 ckms 400 kV line 11 no. of 400/230 kV S/s (830 MVA) 2593
191 ckms 230 kV line 11 no. of 230/110 kV S/s (300MVA)
145 ckms 110 kV line
Andhra 1460 ckms 400 KV line 11 no. of 400/220 kV S/s (1260 MVA) 1080
Pradesh 1582 ckms 220 kV line 15 no. of 220/132 kV S/s (1120MVA)
Gujarat 1440 ckms 400 kV line 12 no. of 400/ 220 kV S/s (1260 MVA), 1500
11192 ckms 220 kV line 13 no. of 220/132/66 kV S/s (500MVA)
140 ckms 132 kV line For Solar Park il
For Solar Park i I 11 no. of 400/220/66 kV S/s (400/220
1200 ckms 400 kV line kV -630 MVA, 220/66 kV 500MVA)
Rajasthan 12010 ckms 400 kV line 13 no. of 400/220 kV S/s (3945 MVA) 3817
1622 ckms 220 kV line 19 no. of 220/132 kV S/s (1760 MVA)
1114 ckms 132 kV line 129 no. of 132/33 kV S/s (1025 MVA)
Himachal 1282 ckms 132 kV line 14 no. new S/s (556 MVA) 376
Pradesh 1134 ckms 66 kV line

Total

9366




Proposed Dynamic Reactive Compensation

PROPOSED STATCOM
. . Esitameted
.No. Location
SL.No Rating Cost (Cr.)
220 KV Theni S/s +100/(-)50 MVAR 57.75
1 Tamil Nadu 220 kV Kodikuruchi S/s +100/(-)50 MVAR 57.75
220 kV Udayathur S/s +100/(-)50 MVAR 57.75
2 Gujarat 220 kV Radhanpur S/s +50/(-)100 MVAR 57.75
3 Maharashtra g.;asow Vita/Pandharpur (MSETCL) | . 50/.)100 MVAR 57.75
4 Andhra Pradesh |220kV Uravakonda S/s +100/(-)100 MVAR 77
5 Karnataka 220KV Chitradurga +50/(-)100 MVAR 57.75
6 Rajasthan 220KV Tinwari +50/(-)100 MVAR 57.75
220kV Budgam +125/(-)25 MVAR 57.75
7 JE&K
220kV Udhampur +125/(-)25 MVAR 57.75
Sub Total (Cr.) 597
IDC@18% (Cr.) 107
Total (Cr.) 704
PROPOSED SVC
] 3 Esitameted
.No. Location
SL.No Rating Cost (Cr.)
1 Tamil Nadu 400kV Udumalpet S/s +400/(-)300 MVAR 211.75
2 Maharashtra 400kV Kolhapur (PG) S/s +400/(-)300 MVAR 211.75
Sub Total (Cr.) 424
IDC@18% (Cr.) 76
Total (Cr.) 500




Summary of Estimated cost

S.no Particulars Estimated

Cost

(Rs. Cr)

1. Intra State Transmission System Strengthening 20,603
1A. For absorption of power within the state 9,366
(i) | Tamil Nadu 2593
(ii) | Andhra Pradesh 1080
(iiif) | Gujarat 1500
(iv) | Rajasthan 3817
(v) | Himachal Pradesh 376

1B. Connectivity to STU network 11,237

2. Inter State Transmission System 18,848

2A. ISTS Strengthening 17,267
2B. Connectivity to ISTS network 1581
3. Dynamic Reactive Compensation 1204
4, Real Time Dynamic State Measurement Scheme as well as Communication Systems 4r3
5. Energy Storage 2000
6 Cost of Establishment of RE management Center 234

(7 RE rich state, one each for NLDC / 3 RLDC))
Grand Total 43,362




Phase Wise Transmission Strengthening

Planning Transmission system for RE

System Studies

Trade off between network optimal utilization and
redundancy

Network development and O&M

Dynamic Line Rating- to be duly factored while
designing evacuation systems.

Diversity Factor- to be duly factored while designing
evacuation systems.

Wind/Solar farms are known to be providing lesser
grid support during system disturbances/exigencies
than the conventional.




Sudden large variation in Load/ generation

High Ramp rate of load- evening peak hours

Sharp change in load, particularly at the hour
boundaries mainly due to agricultural load
changes with consequent frequent spikes

Frequency fluctuations:

- due to generation or load loss
- poor Frequency Response Characteristics (FRC) of individual sub-systems

Impact of Wind Generation variability on Host
state —UIl implication




Typical All India daily load curve - High Ramp rate of load

Demand Met (GW) —>
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Sharp change in agricultural load- Hourly spikes at hour boundaries

112 Frequency spikes over hourly boundaries | f
| N Al
110 —H— W
» . 50
108
L §
= 49.8
3 106 ¥
E 49 GE
01M o = T l l 5
E | Py |
%102 | 1050 MW T 494
£ | | ' / |
| 1450 MW |\ ’ ||
100 B N - W - - 49.2
C1 ) ’[l / I
o8 | changes'(>1000 MW) over hour boundaries | | ,q
QA 122 A& 9 61 2 a0AANALADARADAD AT AR AD 0 9A 92 9D
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Growth of variability and uncertainty with time and associated resources & reserves
available to maintain power-balance

Frequency AGC Spinning E Operating Capacity
§ : Droop : - Reserve . Reserve : Reserves s
s s a s = ;
= : : : ] |
= : : :
-E 1 ] ] L) l
5 : |
T . Scenarios
5 : Inertia : '
02 Governor Response ; :
= ' ' ' : :
Z.'E : Regulating Units ' ' '
8 ‘ ‘ ' Simple- Cycle Gas Turbine ‘ ;
© g - R : :
> |  Energy Storage : Combined Cycle : :

E Intelligent Distribution Devices E Warm Steam Turbines E

; : Demand Response ; Cold Steam lurbines

Os 10's S min 30 min 4 hr ciay

STFSG




DEALING WITH WIND VARIABILITY

Flexible Generation and Generation Reserves

v Primary reserve/ Frequency response reserve
v'Secondary reserve - Spinning & non spinning reserves
v Tertiary reserve

v'Hydropower Plant with Reservoir

v Pumped Storage Power Plant

Flexibility for market participants

Scheduling of Thermal & Wind power as per forecast and
revisions thereof

“smart” demand-response management to shift flexible
loads to a time when more renewable energy is available

Inter-State and Inter-regional transfer of power to harvest
diversity

STFSG
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Pumped Storage Plants

Pump Storage Plants:
— Purulia (4x225 MW)
— Srisailam (6x150 MW)
— Kadamparia (4x100 MW)

Pumping Mode:
— Purulia
* Fixed timing
* Typically between 00 to 06 hours
* Irrespective of frequency
— Kadamparia
* Frequency dependent
* Generally during 00 to 06 hours
— Srisailam
* Seasonal
Generator mode during
day/peak hours.
— Kadamparia
* During Morning Peak (06 to 09 hrs)
* During Evening Peak (16 to 21 hrs)

STFSG

Z-axis
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InMillion Units

P00

Balancing Renewable Generation

Flexing the Hydro for Balancing the wind

MillionUnitse

] A
N
R S\
M o M {.f‘
AT AN ﬂwm A
P LA AN
VA Vo T W/
T lexingof Thermal for Balancing Wind |
. Generation in Karnataka

AT

STFSG

m Challenges
0 Variability,

4

intermittency and
ramping
Sudden onset or offset

of wind generation

m Remedies

a

Generation balancing
by the conventional
energy sources.

Greater the
penetration, greater
the balancing
requirement.

Forecasting of
renewable generation
(Solar and wind)

Ramp forecast is also
essential.
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Need for Scheduling

To maintain Load Generation balance

Increasing penetration of Renewable power

To handle the absence of spinning reserve

To handle the effect of variability and intermittency

Grid code provisions
Revising to minimize Ul
Real Time monitoring (SCADA requirements)

Implementation of RRF Mechanism

STFSG
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SCADA and telemetry

» Telemetering the data is a challenge - due to wide geo-graphical diversity

* Real time data from wind turbines to be metered and shall be transmitted to

the local control centre of each wind farm
* The net injection of the wind farm to be measured at pooling station

* Deployment of synchrophasor technology i.e., PMUs/WAMS on pooling
stations and interconnection with centralized control centre for real time

information, monitoring and control.
* Real time monitoring system using Synchrophasor Technology
* As of now only partial data is being transmitted to RLDCs/SLDCs

» State-of-the-art in Centralized Forecasting centre and integration with SCADA

through telemetry

Telemetry is a must for scheduling and monitoring

STFSG 30



Integration

A Managing Variability and Uncertainty
I Sufficient backup power and balancing power
A Forcasting=Controllability
I Reliable forecast tools and balancing power
A Factors affecting impact of renewable energy on grid operations
I Level of RE power penetration
I Size of topology of the grid size
I Generation mix of electricity in the system
A Hydro machines in operation
A Pumped storage plant should be operational

A Voltage control and Reactive power management
SVC/STATCOM at pooling stations

A Frequency control
A Ancillary services
A Use of Energy storage technology
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INTEGRATION ISSUES

FORECASTING AND SCHEDULING

ENERGY BALANCING IN REALTIME DUE TO
UNPREDICTABILITY

REGULATIONAGC ETC.

LOAD FOLLOWING

UNIT COMMITMENT

COSTS OF WIND GENERAJ NIDD.
ENERGY STORAGE.

DEMAND RESPONSE.

EFFECT ON VOLTAGE PROFILE AND
VARIATIONS.
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CHANGE IN FREQUENCY RESPONSE CHARACTERISTICS Energ?“/}m“
ON PRIMARY RESERVE & INERTIA ADEQUACY e e

Eogiz 25

Issue

Impact of VRES

System freguency must recowver stability within operatimg limits
following the sudden loss of a generator unit {or load block)
Short-term grid adequacy — system issue

Studies that have looked into it

Frequency response to sudden loss of generation or load
[System frequency and the resultant response of each generator):

) Al Ela:l:m- Trarns-
ERCOT YEN. o Teria S Wilrmar IEA 25
power 1sland end

Results

This issue is of particular interest to small and island systems, as a stable frequency is much harder to keep.
{Areas interlinked with larger systems with heawy inertia such as Denmark and Spain experiemce this
problem less even though they hawve high wind penetration)

Inadequate identification of problem may lead to load shedding or operation in island mode
WPP can provide LfHFRT and wvirtual inertia, or active power reduction to increase spinning reserves
Evaluation may lead to a minimum “must run™ synchronous generation reguirememnt

14 -,
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CAPACITY CONTRIBUTION TO GENERATION ADEQUAC ¥energynautics

Issue

= Securing enough installed generation capacity to cover energy

and power demand

= Energy consumption and peak demand is typically imcreasing
= Certain percentage of reserve abowve demand

= Increasing share of RES-E driven by political decisions

= Lomng-term reliability — system issue

Studies that have looked into it

* Calculation of capacity credit and reliability metrics:

Iberia

IEA 25

A 7]
ESIPC

Impact of VRES

EovgizZg

Results

= Capacity credit calculations for wind power can be adapted to existing reliability calculation methods

= Wind power/PV contributes to energy adequacy
« Aporegation over large geographic area to reduce variability

* May reguire increase of generation with certain reserve response characteristics, couple with storage or DSk

° mp
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Frequency Dip depends on:
* Inertia in the system
* Location and size of fault
* with high shares of distributed renewables, maximum fault size might be reduced

* Response of load 20




CHALLANGES: WITH HIGHER SHARES OF INVERTER /\.,___
BASED RENEWABLES, WE ARE MOVING TO A |
POWER ELECTRONIC BASED SYSTEM s

System Stability relies on Synchronous Generators:
* Synchronization effect

Rotor
* System Inertia Angle
Y Stability

= High short circuit currents

Power
System
Stability

Voltage
Stability

Power Electronic based systems do not provide
inherently a synchronization effect to the system,
neither contribution to system inertia!

21
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NATIONAL INERTIA CONTRIBUTIONS TO i W
SYNCHRONOUS AREA (2030 SCENARIOS) energynautics

Inertia contribution:

Green H > 4s Very good
Black 3s<H<4s Good
Purple 2s <H <3s Marginal
Red H<2s Critical!?

Source: ENTSO-E, Guidance on High Penetration of Power Electronic Interiaced Power Sources (HPoPEIPS). 2017 23




I~
EUROPEAN POWER SYSTEM SPLIT 2006 energynautics

O Area 1 under-frequency
O Area 2 over-frequency
B Area 3 under-frequency

Figure 4. Schematic map of UCTE area spiit into three areas

25




MAIN CHALLENGES & ISSUES OF RES INTEGRATION

The main objectives of the studies are:

* feasibility of integrating high levels of wind and solar energy

* impact on the reliability and efficiency of the power system

* measures required to facilitate the increased levels of wind and solar energy

Typical Scenarios (large degree of freedom)

-state and
nt studies

Operation and
balancing studies

=rm reliability
tudies

Howr lyfminutehy
wrind, demand and
farecast data

emand & off-

peak demand (M) arnd {M-1)

P and other
renawables

distribution

4
'
er_'-en_'-_g}_r_nauticr._.

e Qifﬁ""‘

geregated
maodel

nat dynam
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Renewable Integration Study Workflow energynautics
vz

Assessment of renewable energy potential and selection of technologies

————‘

Question 1: How much RE can be installed without any change to the system?
* How far can conventional generation be reduced?

*  How much spinning reserve can be provided?

* How fast can frequency control (reserves) react?

* Assessment of expected RE fluctuation

* Are there any grid constraints? Where can RE be installed?

——'—_

Question 2: What enabling measures can be taken to raise the RE share?
* Optimization of generator controls and/or overhaul of existing generators
* Are there alternative ways of obtaining spinning reserve?

* ls there any pontential for demand side management?

*  What degree of controllability must RE generators provide?
* Isenergy storage an economically feasible option?

* s there any need for grid reinforcements?
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Different Phases of VRE Integration (2) iea energynautics
Eovgizz2

VRE capacity is not relevant at the all-system level

VRE capacity becomes noticeable to the system operator

Flexibility becomes relevant with greater swings in the supply/demand balance

Structural surpluses emerge;
electrification of other sectors becomes relevant

Bridging seasonal deficit periods and supplying non-electricity applications;
seasonal storage and synthetic fuels

'Il w N )




3

Requirements for VRE by Phase lea energynautics
20D 00: 20 yuntaatie W(imu
g =~ giz—
Always Phase 1 Phase 2 Phase 3 Phase 4
Technical - power quality - output - FRT capability - frequency / - integration of
requirements - frequency and reduction for smaller active power general
voltage ranges during high (distributed) control frequency and
of operation frequency units - reduced output | Voltage control
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Did renewable energy integration in Germany and other countries go smoothly from
the beginning?

No!
Many typical early adopter mistakes were made and fixed often at great cost.
Other countries can learn from this experience and avoid repeating the mistakes.

Due to economics of scale, technology addressing the issues adequately is available
at reasonable prices.



ADISTRIBUTION SYSTEM GETTING ALL
PROBLEMS OF TRANSMISSION

ABI-DIRECTIONAL FLOWS IN DISTRIBUTION

AREVERSAL OF POWER FLOWS DURING
HIGH RE CAUSE STABILITY ISSUES

AADDING TRANSMISSION VS CURTAIL RE
GEN

ARESIDUAL LOAD FLUCTUATIONS

AVOLTAGE CONTROL IN REMOTE AREAS



Introduction into Demand Side Management

® Demand Side Management is a load control concept
It can be used to balance fluctuations from variable generation
The demand of participating loads can be adapted according to the grid situation

Companies with high flexible loads can offer their flexible loads on various markets

® Demand Side Management is important to facilitate the integration of renewable energies



Demand Side Management using electric vehicles
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Introduction into trading on the power exchange

®  Spot market

Trading on the exchange spot market enables market participants to sell and buy electricity in a
non-discriminatory, safe and anonymous environment.

It ensures the maximization of the social welfare through merit-order dispatch.

® Day-ahead market

In a daily auction, power contracts for every single hour of the next day are traded.

® Intraday market

Intraday trading is executed on two different markets. These two markets differ in the product
length. The trader can choose to trade one-hour contracts or 15-minute contracts.

The last opportunity to trade is 30 minutes before the physical settlement.



Introduction into the German electricity market

Market Day-ahead Intraday
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Important system characteristics and services

System
Operation
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regulation
Effects
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Source: Frounhofer IEE




PART-3:
FORECASTING
ISSUES



Paradigm change and increased complexity in power system operation

® Requirements for forecasts increase, i.e. higher accuracies or temporal and spatial resolutions.

® Drivers for advanced forecasting in power systems:
Coordination of different ancillary services and market services
Coordination between different stakeholders such as:
Distribution system operators
Transmission system operators
Operators of generation units

Further market players



The main grid operation challenges

B Balancing services (frequency support)
Unit commitment and scheduling
Frequency control and reserves
Control reserve dimensioning
Ramp management

B Voltage support
Local voltage control and central reactive power management

® Grid management
Congestion management
Prediction of reverse power flows
Dynamic line rating of overhead lines

Maintenance scheduling



Requirements for generation forecasts

Forecasts should be in a suitable regional resolution.

The provision of the forecasts should be coordinated with the times the grid calculation is carried out.

Forecasts are most important for the following variable energy sources:
Wind onshore
Wind offshore
Photovoltaic (PV)
Decentralized PV (mainly roof top PV)

The forecasts of the load flows at the grid connection points are also relevant.



Various prediction horizons and their applications

Forecast type Forecast horizon Applications
extreme-short- voltage control and reactive power management,
term 0 to 6 hours frequency control and real time dispatch (balancing)

very-short term
(intraday)

1to 12 hours

voltage control and reactive power management,
frequency control (balancing), re-dispatch and
congestion management

short-term (day
ahead)

12 to 48 hours

unit commitment and scheduling, frequency control
(balancing), congestion management




Challenges in terms of data collection and control

B The collection of meta data is essential for accurate forecasts which can be challenging especially for
a high number of small generation plants.

B There are different communication protocols that are relevant to forecasts in terms of data transfers
for examples.

B Estimates of the real-time power available from variable renewable power sources can be derived
from upscaling algorithms, which use measurements at a relatively small number of reference sites to
perform an upscaling of the system-wide power generation.

® Reliable online measurements are needed for extreme-short-term and very short-term forecasts.



INTEGRATION ISSUES

A CONSTITUENTS ON DISTRIBUTION NETW!
A VOLTAGE STABILITY PROBLEMS.

A FREQUENCY STABILITY PROBLEMS.

A FAULT LEVELS.

A SMALL SIGNAL STABILITY ISSUES.

A DFIG/DVR.



Regulatory Issues

A Gearing up of States in RPO monitoring

A Strict Compliance Measures

A Moving from yearly compliance to quarterly
compliance

A Tapping significant potential of Voluntary
Market

A Creating awareness & capacity building

A To simplify the procedures to purchase RECs
from Power Exchanges



IMPACT OF RE INTEGRATION ON
GRID

» Most of the systems are designed, operated and protected on the
premise of single direction of flow.

 Integration of renewables will pose, but not limited to the
following impacts;
Fault clearance
Reclosing
Inadvertent islanding operation
Harmonics
Voltage dips
Over voltages
Voltage flicker

10-05-2012




MITIGATION OF THE IMPACTS OF
RE ON THE GRID

Flexible generation, Ancillary Services with Regulatory framework

Technical Standard (Grid code, Connectivity standards, Real time monitoring

etc.)

Demand Side management, Demand Response, Energy Storage for load
balancing : Smart Grid

Dynamic Reactive Compensation
Forecasting Renewable generation & Demand
Real time monitoring and control

Renewable Energy Management Centers (REMC)

10-05-2012




REGULATORY MEASURES

Manual on Transmission Planning Criteria:
Para 16 - Additional criteria for wind and solar projects:

*Assumption regarding the capacity factor for planning the
evacuation system

*'N-1’ criteria may not be applied to the immediate
connectivity of wind/solar farms with the ISTS/Intra-STS grid

*Assessment regarding the thermal line loading limit of the
lines connecting the wind machine(s)/farm to the nearest grid

*The wind and solar farms shall maintain a power factor of
0.98 (absorbing) at their grid inter-connection

10-05-2012




REGULATORY MEASURES

Sharing of Inter State Transmission Charges and Losses)
Regulations , 2010

For Solar Projects

‘No transmission charges for the use of ISTS network
‘No transmission losses for the use of ISTS network

This shall be applicable for the useful life of those projects
which have been commissioned between 15t June 2011 to
14th June 2014.

10-05-2012




400kV VOLTAGE UDUMALPET vs TN WIND for typical
days (10-09-14 & 23-09-14)
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THREAT TO GRID SECURITY
(01-07-14) (CONTD.,)
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Operating ReservasReserve Management

A Primary Response (FGMO/RGMO)
A Secondary Response (AGC)
A Tertiary Response

A Load Ramping
T 1 min/5 min/15 min/ 30 min reserves



Transmission Planning Issues

A Peak Demand with High RE
A Peak Demand with Low RE
A Off Peak Demand with High RE
A Off Peak Demand with Low RE

Distribution network to be planned with
criterion similar to Transmission planning
criterion.



IMPACT OF

WIND GENERATION ON ANC

SERVICES REQUIREMENT

(1) VARIABILITY OVER DIFFERENT TIME FRAM

A ONE M

INUTE VARIABILITY.

A FIVESVMINUTE VARIABILITY.
A SHORT TIME VARIATIONS.
A LONG TERM OF RAMPING.
A HOURLY VARIABILITY.

(2)LOAD
(3)POWE
(4ROCO

(5)FAULT

FORECAST ERRORS.
R SYSTEM INERTIA/FLYWHEEL MARK
- AND UF RELAY OPERATIONS.

RIDEHROUGH.




VISUALISATION

ATELEMETRY AND MONITORING
A VISUALISATION AT CONTROL CENTRES



Other issues for renewable
Integration
A Penetration limit for stable operation
A Criteria for transmission planning
A Harmonization of Grid Code
A Forecasting accuracy
A Adequacy planning with renewable portfolio
A Scheduling and settlement mechanism
A EMS for Renewable Energy
A Ancillary market for handling renewable



Other Issues
A Larger Grid interconnection to handle variability

A Forecasting for better execution of Operational
A planning

A Mandatory Scheduling in order to induce

A accountability

A WTGs to be equipped with FRT/LVRT capabilitie

A Introduction of Ancillary Services & Storage
devices

A Registry/database for renewable generation in
India




Issues in Large Scale Renewable Integration

A Intermittency

A Variability/ Uncertainty

A Plants connected at remote/concentrated locations with weak
transmissiometwork

A Renewableplants providing lesser grid support during system
disturbances/exigencies



Vibrant Power Market

A Electricity Market

A Bilateral Market

A Collective Market (Power Exchanges)
A Time tested Settlement Mechanism

A ABT Mechanism

A More than 1700 Remote Terminal Units



Mitigating Measures for Large Scale Renewable
Integration

Flexible generation, Ancillary Services for supply-balancing

Technical Standard Requirements (Grid code, Connectivity standards, Real time

monitoring etc.)
Demand Side management, Demand Response and Storage for load balancing
Forecasting of Renewable generation & Forecasting of Demand

PMUs/WAMS on pooling stations and interconnection with centralized control

centre for real time information, monitoring and control

Policy and Regulatory advocacy for power-balance market and pricing

mechanism

Renewable Energy Management Centers (REMC)



Indian Grid- Avenues for Wind Integration

A Very Large Grid

A Strong interconnections

A High Ramp Rate

A Upto 200 MW/Minute in peak hours
A Time Diversity

A 6°44' and 3730' north latitude and 6% and
9/7°25' east

A longitude
A Neighboursadd to diversity optimization
A International Intercopnections



Energy storage alternatives

A Pumped Hydro
I Typically > 200MW and days of storage

A Compressed Air Energy Storage(CAES)
I 50-500MW based on blendegias.airgeneration

A Distributed Energy Storage System(DESS)
I High temp batteries up to 50MW
I Flywheels/lithiumion up to 20MW

A Community Energy Storage(CES)
I 25-50KW, 12 hour pad mounted



Electric Vehicles

A Introduces vast electricity storagpotential
for enabling wind integration

A Provide ancillary service for grid operators by
participating in electricity markets

A Reduction in vehicle urban air quality
emissions
A Reduces CO2 emissions

| If vehicles are managed to charge in off peak
hours




Way Forward

A Forecasts for resource adequacy and grid
security

A Each state should assess its balancing
capacity fulfill RPO

A Introduction of Real time markets

A Technical and Regulatory measures to
enhance the flexibility of conventional
generation to increase balancing capacity of
grid



Way forward

A Establishing Renewable Energy Managen@ertre$§REMC)
equipped with advanced forecasting tools, smart dispatching
solutions,reatime monitoring of RE generation closely

coordinating with SLDC/RLDC

A Wind farms to be set up with Competitive bidding to reduce
tariff

A Healthiness of grid protection schemes through regular
monitoring and updating

A International cooperation for developing REMCs in the RE ricl
states balancing capabilities using indigenous sources of
conventional power, optimum development of enabling
transmission infrastructure and capacity building of grid
operators has become necessary at this stage of RE
development.



Renewable Energy Management Centers(RQMC

A REMCs abtate,Regionadnd National level
should be cdocated with respective LDCs

hierarchical connection between SLDC,RLDC
and NLDC

A Real time measurement and information flow



REMGFunctions

A The REMC may have following functions:

A i. Forecasting of RE generation in jurisdiction area on day
ahead, hourahead, weekahead, montkahead basis.

A ii. Real time tracking of generation from RE sources
A iii. Geospatial visualization of RE generation

A iv. Close coordination with respective LDC for RE generation
and control for smooth grid operation.

A v. Single source information repository and coordination point
for RE penetration.



REMG~unctionsContd..

A Forecasting should be done by REMC

A ()clusterwise for determination of power flows on int@tate
network,

A (ii) the state as a whole to predict power flow at the inter
state boundary

A (iii) forecasting its own RE portfolio for maintaining the load
generation balance of the host state

A (iv) forecasting the RE portfolio of other states who have
contracted RE power from the host state.
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REMGFunctionsContd

A Forecasting by the state REMC would be passed on to the
state SLDC, which would be used for scheduling. In case RE
power is being sold by RE generators located in a-waid
state to another state, the revision of schedule, based on
forecast, as mentioned above, would have to be done for the
host and purchasing state at their respective state boundaries

A The SLDC of the host state would pass the schedule to the
concerned RLDC for scheduling of wind generation at the

states boundaries.



Thank You



REMG~unctionsContd

A In case the host state and purchasing state lie in different
regions, the RLDC of the host region will inform the NLDC,
who will schedule power at the regional boundaries of the
two states. This would lead to allocation of balancing
responsibility among the States to the extent of their shares ir
the RE power.

A Since the forecast is being done by the host State, the cost of
forecasting would be shared by the purchasing States.



Envisaged Wind & Solar Capacity addition by 20:

Resource Present 2016-17 2021-22 2026-27 2030
(GW) (12t plan) (13t Plan) (14" Plan) | (mid 15 plan)
(GW) (GW) (GW) (GW)

Wind 17 47 97 148 164
Solar 0.92 9.45 20 30 35
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Increasing Renewable Penetration

Scenario Energy Capacity
Penetration(%o) Penetration(%o)
Present 4 12
201617 13 21
2030 21 35
2050 33 >50

* Envisaged RE Capacity (2050) :775 GW (including hydro (57 GW)
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Implementation Strategy

A LowGestationperiod for renewableproject

A Development of last mile connection, system strengthening takes
considerabldime

A TransmissiorSystemworks need to be started much before generation
projectsin atime boundmanner

|ntra StateStrengthening
A Implementedby respectiveSTUS

A Support may be provided by some expert agencyhaving extensive
experiencein design, tendering, implementation etc. for common

design,standardsand speedyimplementation

ISTStrengthening

Implementation of ISTS,by agency having sufficient experience in
developmentof highendtechnologiesn Transmissiorsystemwith sound

projectmanagemenskills




To o Iw

Financing Strategy

Capacity utilization Factor low , No ISTS charges for Solar Generation till
2014, RPO obligation of states, Promotion of renewable generation for
clean development

Rational Transmission Charges needs to be evolved.
Intra State Strengtheningsrant may be provided for Intra State Project.
ISTS Strengthening :

I Cost may be pooled into the pool account, charges to be shared as
per POC.

I The debt Component may be provided as a grant / soft loan
Setting up Renewable Energy Management Centre (RECHDtal
Expenditure of respective RLDC charges recovered as per provision of

Regulations.



B2 Standards For generating station getting connected
or after completion of 6 months from date of publication

of these Regulations

A The generating station shall be capable of supplying
dynamicallyvaryingreactive power supportso asto maintain
power factor within the limits of 0.95laggingto 0.95leading

A The generating units shall be capable of operating in the
frequencyrange of 47.5 Hz to 52 Hz and shall be able to
deliverrated output in the frequencyrangeof 49.5 Hzto 50.5

Hz
Providedthat aboveperformanceshallbe achievedwith voltage

variation of up to + 5% subjectto availabilityof commensurate
wind speed in case of wind generating stations and solar

Insolationin caseof solargeneratingstations

Grid Management Division 90



Low Voltage ride through

A All wind farms connectedat 66 kV and above
shallremainconnectedto the grid whenvoltage
at the interconnectionpoint on anyor all phases
dipsto the levelsdepicted by the thick linesin
the following curve



0.85

Non-Trip Area
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Where

A VT/Vn is the ratio of the actual voltage to the nominal system voltage at tr

Grid Management Division 92



Low Voltage Ride Through(LVRT

A Providedthat during the voltage dip, the individua
wind generatingunits in the generatingstation shal
generateactive power in proportion to the retainec
voltage

A Provided further that during the voltage dip, the
generatingstation shall maximizesupply of reactive
current till the time voltage starts recoveringor for
300ms, whichevertime islower

Grid Management Division 93



Wind generatingstation connectedat voltage level of 66 kV
and aboveshallhavefacility to control active power injection
In accordancewith a set point, which shallbe capableof being
revised based on the directions of the appropriate Load
DespatciCentre

A Providedthat asfar as possible,reductionin active power
shall be done without shutting down an operational
generatingunit and with reduction being sharedby all the
operationalgeneratingunits pro-ratato their capacity

Grid Management Division 94



BackEnergization

The bulk consumer shall not energize
transmission or distribution system by
Injecting supply from his generators or any
other source either by automatic controls or
manually unless specifically provided for in
the Connection Agreement with the
Transmissiomr DistributionLicensee

Grid Management Division 95



Synchronisation

A Every DGR shall be equipped with automatic
synchronisatiordevice:

A Provided that induction generators, except self
excited induction generators, shall not require a
synchronisinglevice:

A Provided further that distributed generation
resources using inverters shall not be required to
have separatasynchronisinglevice, If the same Is
iInherently built into the inverter.



DSM Mechanism

2. Amendment of Regulation 2 of Principal Regulations:

10-05-2012

(i) After sub-clause (a) under clause (1) of Regulation 2, new sub-clause
(aa) shall be added as under:-

“ (aa) ‘Absolute Error® shall mean the absolute value of the error in the
actual generation of wind or solar generators which are regional entities
with reference to the scheduled generation and the 'Available Capacity'

(AvC), as calculated using the following formula for each 15 minute time
block:

Error (%) = 100 X [Actual Generation— Scheduled Generation] / (AvC)

(ii) After sub-clause (q) under clause (1) of Regulation 2, new sub-clause
(r) shall be added as under:-

(r) 'Available Capacity (AvC)' for wind or solar generators which are
regional entities is the cumulative capacity rating of the wind turbines or
solar inverters that are capable of generating power in a given time-block.

STFSG
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Table —I: Deviation Charges in case of under injection

Sr.No. | Absolute Error in the | Deviation Charges payable to
15-minute time block | Regional DSM Pool

1 <= 15% At the Fixed Rate for the shortfall
energy for absolute error upto 15%
2 >15% but <=25% At the Fixed Rate for the shortfall

energy for absolute error upto 15%
+ 110% of the Fixed Rate for
balance energy beyond 15% and
upto 25%

3 >25% but <=35% At the Fixed Rate for the shortfall
energy for absolute error upto 15%
+ 110% of the Fixed Rate for
balance energy beyond 15% and
upto 25%

+ 120% of the Fixed Rate for
balance energy beyond 25% and
upto 35%

4 > 35% At the Fixed Rate for the shortfall
energy for absolute error upto 15%
+ 110% of the Fixed Rate for
balance energy beyond 15% and
upto 25%

+ 120% of the Fixed Rate for
balance energy beyond 25% and
upto 35%

+ 130% of the Fixed Rate for
balance energy beyond 35%
10-05-2012 98
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Table — II: Deviation Charges in case of over injection

Sr. No. | Absolute Error in the | Deviation Charges payable
15-minute time block

| <= 15% At the Fixed Rate for excess energy
upto 15%

2 >15% but <=25% At the Fixed Rate for excess energy
upto 15%

+ 90% of the Fixed Rate for excess
energy beyond 15% and upto 25%

3 >25% but <=35% At the Fixed Rate for excess energy
upto 15%

+ 90% of the Fixed Rate for excess
energy beyond 15% and upto 25%
+ 80% of the Fixed Rate for excess
energy beyond 25% and upto 35%

4 >35% At the Fixed Rate for excess energy
upto 15%

- 90% of the Fixed Rate for excess
energy beyond 15% and upto 25%
+ 80% of the Fixed Rate for excess
energy beyond 25% and upto 35%
+ 70% of the Fixed Rate for excess
energy beyond 35%

10-05-2012 STFSG 99



