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Abstract—The Indian Government has set forth an ambitious
plan of setting up 175 GW of renewable capacity by 2022,
which consists of 100 GW solar power and 60 GW wind
power. In order to accomplish this, new challenges posed to
the electric power system by current generating units, viz.
variability and unpredictability must be dealt with. Initially, a
brief description of the different regulations and practices
pertaining to forecasting, scheduling, reserves, etc. in Indian
power system is provided. Possible applications of solar-wind
forecasting and dynamic line rating in Indian power system
are discussed. Finally, a short summary of the suggestions
made in this paper regarding the future applications of
generation forecasting and dynamic line rating is presented
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I.

INTRODUCTION

Global and national energy policies are undergoing a
paradigm shift from fossil sources to more sustainable
sources of energy, for addressing the issues of climate
change and energy security. In its Intentional Nationally
Determined Contribution, India has declared a significant
scaling up of its renewable energy capacity to 175 GW by
2022. In order to accomplish this, new challenges posed to
the electric power system by Variable Renewable Energy
(VRE) plants, such as solar Photovoltaic (PV) and wind
turbine, in the form of variability and unpredictability must,
be dealt with. This requires the use of accurate VRE
generation forecast, of suitable temporal and spatial
resolution, and its proper utilization in the relevant
activities of power system. Generation forecasts find
application in Generation Scheduling and Power Trading
[1], [2], Reserve Dimensioning, Ramp Management and
Flexibility[3],[4],[5], Congestion Management [6],[7],[8],
Active Distribution Network Management[9],[10],[11],[12]

and Virtual Power Plant (VPP) Operation [13],[14],
[15],[16],[17]. Usage of Dynamic Line Rating (DLR)
[18],[19],[20] as opposed to the Static Line Rating (SLR),
allows the system operator to make use of the available
transmission capacity efficiently and prevent occurrences of
congestion. This paper discusses possible utility and
application of Solar/ Wind Generation Forecasting
information and Dynamic Line Rating (DLR) in Indian
Power System Operation, for secure and efficient operation
of both the Transmission and Distribution System.
The rest of the paper is divided as follows. Section II
describes the current utilization of VRE generation forecast
by the different entities in Indian Power System, relevant
regulations and practices. In Section III, specific
applications of VRE generation forecasts and DLR are
suggested for immediate future (low VRE penetration),
medium term future (medium VRE penetration) and longterm future (high VRE penetration) scenarios in the Indian
power system. Finally, section IV summarizes the
suggestions made with regard to the potential future
utilization of generation forecast and DLR.
II.

CURRENT STATUS OF VRE FORECAST IN
INDIAN POWER SYSTEM

The Ministry of New and Renewable Energy (MNRE)
had already come up with a proposal for setting up 25 Ultra
Mega Solar Power Projects (UMPP) throughout India [21],
and this has been further revised by increasing the capacity
targets [22]. According to Central Electricity Regulatory
Commission framework and Indian Electricity Grid Code
[23], [24], all VRE units connected to the inter-state
network must provide day ahead forecasts, by themselves,
through principal or through lead generator, of their
generation schedule to the Regional Load Dispatch Centre
(RLDC). Individual VRE units or UMPPs have to provide
their power feed-in forecasts to RLDC. Up to 16 intra-day
revisions are allowed for updating the schedule, in order to

benefit from forecasts of better accuracy. VRE units can
also utilize the generation forecast made by Renewable
Energy Management Centre for providing their schedules.
In either case, any deviation from the forecasted schedule
will be settled by means of the CERC Deviation Settlement
Mechanism [25].
The concept of REMC has been introduced to provide
system operators with the forecasted VRE generation of its
control area [26]. The primary motivation for REMC
generation forecast is grid security. Residual load
calculated with this forecast, can be used for scheduling
balancing resources like conventional generating units.
CERC has, in its regulation on Ancillary Services,
mandated that all inter-state generators whose tariff is
determined by it, must provide Reserves Regulation
Ancillary Services (RRAS) to the nodal agency [27]. Fifth
Amendment to the IEGC states that RLDCs cannot
schedule a generating unit beyond an ex-bus generation of
100% of installed capacity, to ensure availability of margin
for governor action as primary response [28]. Fourth
Amendment to the Indian Electricity Grid Code (IEGC)
stipulates that the technical minimum for operation of a
Central Generating Station (CGS) or an Inter-State
Generating Station (ISGS) is 55% of its installed capacity.
The concerned RLDC can direct the CGS or ISGS to
operate at or above the technical minimum, on account of
grid security [29].
The Forum Of Regulators (FOR) have put forward
model regulation on Forecasting, Scheduling and Imbalance
Handling for VRE units at the State level [30], which is inline with the CERC framework on forecasting and
scheduling. It further introduces the concept of Qualified
Coordinating Agency (QCA). QCA can co-ordinate
between State Load Dispatch Centre (SLDC) and individual
VRE units in matters of forecasting, scheduling and is also
responsible for de-pooling its aggregate energy deviation
and charges to all the VRE units under it. Draft regulation
on Forecasting, Scheduling and Deviation Settlement by
Gujarat Electricity Regulatory Commission (GERC) has
additionally laid down maximum daily revisions of 16 and
8 for Wind and Solar respectively [31]. Furthermore, it has
also talked about reducing the tolerance band of deviation
for wind and solar generators, on a yearly basis. Madhya
Pradesh Electricity Regulation (MPERC) in its draft
regulation [32] has remarked that if scheduling interval is
changed from 15 minutes to 5 minutes duration, the
forecast time intervals must also be modified accordingly.
Karnataka Electricity Regulatory Commission (KERC) and
Tamil Nadu Electricity Regulatory Commission (TNERC)
have brought out actual and draft regulations [33], [34],
respectively, on the same topic. Jharkhand State Electricity
Regulatory Commission (JSERC) has also introduced
regulations on forecasting, scheduling and QCAs [35].
Solar and Wind policy adopted by different states in India
show that there will be a significant increase in the number
of large and small scale VRE units connected to the state
transmission and the distribution grid [36],[37],[38].
Currently, the inter-state Available Transfer Capacity
(ATC) and Total Transfer Capacity (TTC) are notified three

months in advance and calculated on a monthly basis
[39],[40],[41].
III.

DISCUSSION

A. VRE Units connected to the Inter-State Transmission
Lines.
In the immediate future, VRE units connected to the interstate grid can participate in day ahead and intra-day power
exchange by using generation forecasts of different forecast
horizons. Generation forecasts sent by VRE units to their
respective consumers or beneficiaries and can be used by
them for planning their consumption and determining their
further power requirement. VRE units connected to the
inter-state transmission grid through one or multiple
pooling sub-stations can aggregate themselves under
principal generator, lead generator or UMPPs for
scheduling and accounting purpose. The smoothing effect
of aggregation can lead to better and firm schedule.
In the medium-term future, inter-state VRE units can
provide primary Frequency Containment Reserve (FCR),
Inertial Response (IR) reserve [42]. Since the generation
from VRE sources are volatile, VRE units can utilize
generation forecasts to inform the REMC (RL)-RLDC
about its availability in providing these ancillary services.
VRE units can utilize their active generation forecast and
converter ratings to forecast their reactive power potential
on a day-ahead and intra-day basis to REMC (RL)-RLDC.
In the long-term future, due to the high level of VRE
power output in the power system, VRE units can also
provide secondary reserve services to RLDC. Generation
forecasts are required here as well, so that VRE units can
send reserve availability information to the RLDC.
However, in order to implement this, reserve dimensioning
and procurement has to be performed on a day-ahead basis
at least, as the forecast accuracy decreases with increasing
time horizon.
B.

Regional Load Dispatch Centre and Renewable
Energy Management Centre (RL)
In the immediate future, aggregate generation forecasts of
Inter-State VRE units by REMC Regional Level (RL) and
State drawal/ injection schedules provided by SLDCs can
be used to calculate the residual load or Net load on a time
series basis. RLDC can compare generation and availability
schedules of Inter-State Conventional Generating Stations
with the residual load, to ascertain that enough generation is
online or on reserve for balancing purpose, on a day-ahead
and intra-day basis. Secondary frequency reserve (also
AGC) needs to be enabled and procured by RLDC. REMC
(RL)-RLDC can identify ramp events from day ahead and
intra-day residual load forecasts and quantify them by using
flexibility metrics such as ramp magnitude, ramp rate and
ramp duration. These flexibility metrics can further be used
to check adequacy of secondary and tertiary reserves
(Reserves Regulation Ancillary Services) with sufficient
ramping capability. Charges for UI in the ABT scheme of
tariff can be linked to cost of ancillary reserves.

In the medium term future, REMC (RL)-RLDC can
utilize nodal or park level generation forecasts of inter-state
VRE units, State Network flow models with forecasted
schedule and Inter-State Conventional Generating Station
Schedules in a Network power flow model to determine
transmission capacity of inter-state tie lines and forecast
possible congestion situations, on both day-ahead and intraday basis. Transmission constraints can be included by
using Generalized Generation Distribution Factors
(GGDFs), which relates the power flow over a particular
line to the power in-feed from a generator [43]. This
information can be utilized by users of inter-state
transmission capacity for planning generation and
consumption. Redispatch can be performed by RLDC in coordination with the respective SLDCs as a measure to
relieve congestion, based on close to real time generation
forecast and DLR. Inter-State VRE units can be used for
providing primary response to frequency deviation. REMC
(RL)-RLDC can analyze generation forecasts to determine
which Inter-State VRE units are eligible for participating in
the primary frequency reserve for each time interval in the
forecast horizon. Reactive power potential forecast of VRE
plants can be performed by using the same active power
generation forecast and the inverter capacity rating. REMC
(RL)-RLDC can send reactive power set-point signals to
the VRE units for voltage regulation in the
InterState transmission network.
In the long-term future, RLDC can utilize the uncertainty
information of Inter-State VRE unit generation forecast and
State drawl-injection schedule to perform probabilistic
dimensioning and robust or stochastic procurement of
reserves on a day-ahead basis. REMC (RL)-RLDC can
procure secondary reserves also from VRE plants, by
utilizing their generation forecast error distributions. DLR
can be used in the congestion formulation instead of Static
line rating, on a day-ahead basis too, as described in [44].
C. VRE Units connected to the Intra-State Transmission
Lines
In the immediate future, VRE units can use generation
forecasts for scheduling their power output with the REMC
(SL)-SLDC, DISCOMs, Power market and Consumers on a
day ahead basis. Intra-day generation forecasts can be used
to update the schedule. This becomes important under
ABT, where imbalances/deviations are settled based on
frequency linked UI charges.
In the medium term future, VRE units can provide
primary frequency control ancillary service to REMC (SL)SLDC by forecasting their availability on both day-ahead
and intra-day basis. According to [45] Wind turbine units
can provide FCR based on
Constant Curtailment
Strategy(CCS) or Proportional Curtailment Strategy (PCS),
as shown in equations (1) and (2).
( ) = (1 − α).

( )
(1)

=
(2)

power and

is the curtailed power,
curtailment factor.

maximum available

As this is a decentralized form of frequency response,
participating VRE units must keep updating their
availability status for future time horizons based on hour
stability factor (hsf) and offer stability factor (osf), as
described in [46]. Reactive Power Ancillary services can
also be provided by solar PV [47] and converter based wind
farms [48] to the RLDC.
In the long term future, VRE units can provide secondary
reserve services to REMC (SL)-SLDC or the ancillary
services market by providing generation forecasts with
error or uncertainty scenarios/ distributions. To allow VRE
units to participate, secondary and tertiary reserves can be
procured on a day-ahead basis. VRE units can provide
reactive power forecasts as well by using active power
generation forecast and inverter capacity ratings. This can
allow VRE units to provide reactive power ancillary
services.
D. State Load Dispatch Centre and Renewable Energy
Management Centre (SL)
In the immediate future, SERCs can introduce regulations
for enabling ancillary services (primary, secondary and
tertiary) and Intra-State ABT in their respective states.
REMC State Level (SL)-SLDC can perform aggregate VRE
generation forecast of its control area at different time
horizons. By utilizing aggregate load demand, VRE
forecast and inter-state flows, REMC (SL)-SLDC can
obtain net load demand of its control area, as shown in (3).
=
−
−

+

(3)
. This can be compared with the available dispatchable
generators to ensure that sufficient balancing resource with
suitable ramping capability is available at all times. Intraday updates of residual load forecast can be used for
dispatching reserves, if necessary. Empirical methods can
be employed by SLDC for quantifying secondary ancillary
services requirement, such as that given in [49], as shown
in (4).
=

.

+

−

(4)
is the maximum anticipated load in MW, a and b are
empirical parameters.
Ramps detected from generation forecasts can be used to
quantify the flexibility metrics. This can then be used to
check the adequacy of ramping capabilities in reserves.
Equation (5) shows a method of quantifying ramp
magnitude [3], while (6) shows a method of quantifying
ramp duration [50].
| ( + ∆ ) − ( )| >
(5)

=

| ( + 10) − ( )|
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(6)
( ) is the power output in MW, PR power ramp
magnitude threshold, PRR power ramp rate.
Individual VRE units at one or more pooling stations can
be aggregated under QCA. QCA can bear the responsibility
of forecasting, scheduling and commercial settlement with
REMC (SL)-SLDC, DISCOMs, Power market and
Consumers, on behalf of the VRE units within its portfolio.
REMC (SL)-SLDC can treat the QCA as a single entity
with respect to forecasting, scheduling, metering and
communication.
In the medium term future, VRE generation units and
QCAs can also be chosen to provide primary frequency
reserve ancillary services based on their availability
forecasts. Past error information of VRE units can be used
by REMC (SL)-SLDC to quantify the effect of VRE unit
volatility on the requirement of secondary and tertiary
reserve services from other sources. Each state REMC
(SL)-SLDC can combine the nodal power flow model and
load flow data of its own control area with the nodal model
and load flow data provided by the RLDC for the inter-state
tie lines. By using the combined nodal model with GGDFs
and load flow data, both inter and intra state congestion
situations for critical branches can be forecasted, as shown
in (7) and (8) [51].
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is the power flow over branch l-k,
GGDF
,
of generating unit g for flow over branch l-k, ( , ) wind
power output, ( , ) conventional generator power
outptut.
REMC (SL)-RLDC can utilize DLR and intra-day
generation/ load forecasts to predict intra-day congestion
situations and re-dispatch generators. Equation (9) shows
DLR calculation for every 15 minute block, based on
maximum allowable conductor temperature T , ambient
temperature T , convective cooling q , wind speed V , wind
direction V , evaporative cooling q , precipitation P ,
humidity H, atmospheric pressure P , solar radiation heat
gain q and corona heat gain q , as described in [52].
I
=

q (T

, T ) + q (T

Reactive power Ancillary Services can also be provided
by VRE generation units and QCAs, by utilizing reactive
power potential forecasts. Equation (10) gives the basic
idea.
=

−

(10)
converter
Q is the VRE reactive power output,
maximum capacity and
active power generation.
REMC (SL) – SLDC can use past VRE Forecast Error
,
, along with VRE variance , Load Forecast Error
f
,
,
, Load Variance f
, Generator Trip probability
f
,
, to quantify the secondary and tertiary reserve
f
requirement, as shown in (11) ,(12) and (13), [53].
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In the long-term future, reserve dimensioning can be
performed on a day-ahead basis, where day-ahead VRE
generation forecast uncertainty can be used as an input for
quantifying the requirement of secondary and tertiary
reserves. SP and RO based scheduling algorithms can be
used for procuring reserves while taking into account
network security constraints. VRE generation units and
QCAs can also provide secondary frequency reserve
services to REMC (SL)-SLDC and power markets by
providing its forecast uncertainty distribution. DLR
forecasts can be incorporated into the stochastic scheduling
process as transmission constraints, so as to utilize the
actual available transfer capacity. According to [44],
expected values of transmission capacity for different
sections of line can be calculated as shown in (14), and then
the minimum value is chosen as the capacity for the entire
line (15).
( )=

( ,

( ), ( ), (
, ) ≈
= μ ,μ ,μ

)
(14)

= min
(15)
( ) is the expected value of transmission capacity,
expected wind speed, i
expected ambient temperature,
expected wind direction.
different line sections and

E. Distribution Company Grid
In the immediate future, Demand forecasting must be
, T , V , V ) + q (P, H, P ) − q − qdone by all DISCOMs and utilities within each state.
R(T )
Increase of distributed VRE sources like rooftop solar PV
and Wind Turbine connected to the DISCOM grid, can
(9)
impact the daily consumption profile of the DISCOM. In

order to provide an accurate load forecast schedule to
SLDC, DISCOMs can use day-ahead VRE generation
forecast of its control area as demarcated by Intra-State
ABT mechanism for calculating its residual load. In [54],
the authors presented a method for calculating the residual
demand based on short-term forecasts of distributed VRE
generation and load, as shown in (16).
=

−

(16)
is the residual load of the DISCOM, power demand
forecast in the DISCOM and VRE generation forecast at
time t.
Intra-day generation forecasts can be used to update the
residual load calculations. Schedules based on new residual
load calculation can be sent to REMC (SL)-SLDC for intraday revisions. QCA can act as a single entity and provide a
point of communication between DISCOM control centre
and distributed VRE units for forecast schedules and
metered data sharing (Intra-State ABT).
In the medium-term future, reactive power capability of
QCA and VRE units connected to the DISCOM grid can be
utilized by the DISCOM for voltage regulation, through
centralized control and decentralized regulation approaches.
In [55], the authors proposed a preliminary-coarse-fine
reactive power optimization method, which utilized
distributed VRE forecast for voltage regulation in the
distribution grid, by maintaining reactive power output
from VRE inverter and switching capacitor banks. Active
Power generation forecast and inverter capacity rating can
be used by DISCOM to estimate the reactive power service
potential of QCAs and VRE units within its area.
In the long-term future, DISCOMs can become active
Distribution System Operators (DSO) by actively
scheduling VRE units, QCAs, Open Access Users, Captive
Power Producers, Independent Power Producers, HT and
LT consumers and import from the transmission grid, on a
day-ahead basis, and dispatching on a real-time basis. As
described in [11], [56], this can be done through an
optimization formulation which minimizes the total of
import cost from transmission grid, fixed costs,
dispatchable generator running and start-up costs, on a day
ahead basis, represented as (17).
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Operating cost of unit i,
, cost of power import
from transmission grid,
, Start Up cost of unit i,
Fixed Costs incurred.
,

In the intra-day dispatch stage, the optimization problem
can be formulated as the minimization of total cost of up
and down balancing actions required (18).
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in VRE power output,, ∆
, , up and down
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regulation in QCA power output.
DISCOMs can procure balancing resource from ancillary
service market or contracts, dispatchable generation units,
flexible loads, VRE units and QCAs. By including voltage
band limits of all buses in the optimization constraints,
active and reactive power dispatch set-points can be sent to
the participating entities.
F. Qualified Co-ordinating Agency
In the immediate future, QCAs can take up the role of
VPP and can be setup in both transmission and distribution
grid. At the transmission grid level, it can be used for
aggregating one or more VRE generation pooling stations
by providing a single forecasted schedule for entities under
it, to REMC (SL)-SLDC. QCA can be in charge of pooling/
de-pooling schedules/deviations of the VRE units in its
portfolio. In order to do this, QCA must estimate generation
forecasts of the VRE units under it. QCAs can use dayahead generation forecasts for providing schedules to
REMC (SL)-SLDC, Power Market, Other consumers. Intraday forecasts can be used to revise the schedule so as to
minimize deviation from real-time condition. QCA can also
be introduced in the distribution sector as distribution
entities, which can aggregate small wind turbines and rooftop solar PV based VRE units connected to one or more
distribution pooling stations. In this case, the QCA can
provide day-ahead schedule and intra-day revision forecasts
for the total connected VRE generation units at the pooling
station or stations under it, to the DISCOM.
In the medium-term future, QCAs can make a portfolio of
diverse entities like VRE units, Large Industrial flexible
loads, Storage units, Conventional generation units, biomass plants, hydro/pumped hydro stations, which can be
physically located at different pooling stations of the
Transmission grid. QCA can use VRE generation forecast
as an input parameter in formulating generation schedules
for REMC (SL)-SLDC, Consumers or for maximizing
profit at the power market QCA operational practice can
comprise of two parts – day ahead scheduling and intra-day
dispatch, as described in [16]. The day-ahead objective is to
minimize the operational cost of the QCA, by taking into
consideration different VRE scenarios s with probability
(18).

min
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(19)
number of scenarios, probability of scenario s,
number of dispatchable units,
, operating cost of
dispatchable unit i,
power
output
of dispatchable
,, ,
unit i at time t in scenario s,
number of storage units,
, , , total operating cost of storage unit j at time t in
scnario s,
, , , power sold to grid in Day Ahead (DA)
price of power sold to
market at time s in scenario s,
,
grid in DA market.
In intra-day dispatch, the objective is to deliver the day
ahead settled power exchanges by adjusting dispatchable
sources or paying imbalance penalties if necessary. So, the
objective function is the minimization of dispatchable unit
cost, storage cost and imbalance cost (19).

min

,

,,

+

Cost of imbalance power,
exchange with the grid.
,

, ,

,

+

,

,

purposes. This paper highlights potential additional future
applications of VRE generation forecasting and DLR in
Indian power system. These include generation forecast by
VRE units and QCAs for participating in power exchange
and ancillary services market, generation forecast by LDCs
for residual load calculation, ramp management, reserve
dimensioning and ancillary service procurement. It also
suggests the use of DLR by LDCs for congestion
management, and generation forecast by DISCOMs for
smooth operation and scheduling of the distribution grid.
As described in detail in the paper, the nature of generation
forecast itself can change with the change in VRE
penetration level, for serving various purposes.
Probabilistic generation forecasts and DLR can find
application at higher levels of VRE penetration into the
electricity grid, where it is necessary to take into account
the uncertainty of prediction in the decision making
processes. DLR can also be forecasted on a day-ahead basis
in order to incorporate predicted dynamic ratings in
relevant decision making processes.
Though at the present moment there are only two
principal types of forecast applications in India, in the
future with the increase in share of electrical power from
VRE sources, more kinds of usages of generation
forecasting is inevitable in India.

(20)
imbalance power

As a major fraction of generating capacity in any QCA is
based on VRE units, it can utilize VRE generation forecast
to provide its availability schedule for primary frequency
response service to REMC (SL)-SLDC. In distribution grid,
QCA can expand to include HT consumers, Captive power
producers and pumped/battery storage units. QCAs can
provide reactive power ancillary service to REMC (SL)SLDC or DISCOM, by utilizing real–time and forecasted
availability information.
In the long-term future, QCAs can provide secondary and
tertiary reserve services to the grid. They can plan different
quantum for energy trading and ancillary services.
Depending on the controllability of the units under the
QCA’s control, it can use scheduling algorithms for
maximizing its profit, following the load, etc., by utilizing
generation forecasts for VRE units and availability
schedules for dispatchable units.

ACKNOWLEDGMENT
The authors would like to thank the National Institute of
Wind Energy (NIWE), Chennai, India and to GIZ GmbH,
actively engaged in the ongoing Green Energy Corridors
(GEC) project under the Indo-German Energy Program, for
providing valuable information in this study.
REFERENCES
[1]

energy in electricity markets from using short term wind power
prediction tools; a simulation study,” Wind Eng., vol. 28, pp.
119–127, 2004.
[2]

power,” IEEE Trans. Power Syst., vol. 22, no. 3, pp. 1148–1156,
2007.
[3]

C. Kamath, “Understanding wind ramp events through analysis
of historical data,” 2010 IEEE PES Transm. Distrib. Conf. Expo.
Smart Solut. a Chang. World, 2010.
A. Bossavy, R. Girard, and G. Kariniotakis, “Forecasting
Uncertainty Related to Ramps of Wind Power Production,” in

CONCLUSION

Short term VRE generation forecasting is extremely
important for smooth operation of grid and management of
a large share of power from VRE. Currently, control area
level aggregated generation forecast has been initiated for
residual load calculation by Load Dispatch Centers (LDCs)
on a day ahead and intra-day basis, in the Indian power
system. On the other hand, a separate kind of short term
generation forecasting at the level of individual plants/
pooling transformer stations has also been initiated in
several Indian States for scheduling and accounting

P. Pinson, C. Chevallier, and G. N. Kariniotakis, “Trading wind
generation from short-term probabilistic forecasts of wind

[4]

IV.

J. Usaola, O. Ravelo, and G. González, “Benefits for wind

European Wind Energy Conference, 2010, pp. 20–23.
[5]

Y. Gong, Q. Jiang, and R. Baldick, “Ramp Event Forecast Based
Wind Power Ramp Control with Energy Storage System,” IEEE
Trans. Power Syst., vol. 31, no. 3, pp. 1831–1844, 2016.

[6]

P. Guha Thakurta, J. Maeght, R. Belmans, and D. Van Hertem,
“Increasing Transmission Grid Flexibility by TSO Coordination
to Integrate More Wind Energy Sources while Maintaining
System Security,” IEEE Trans. Sustain. Energy, vol. 6, no. 3, pp.
1122–1130, 2015.

[7]

H. P. A. Knops, L. J. de Vries, and R. A. Hakvoort, “Congestion

[8]

management in the European electricity system: An evaluation

Forecasting, Scheduling and Imbalance Handling for Renewable

of the alternatives,” 2001.

Energy (RE) Generating Stations Including Power Parks Based

R. Barth, J. Apfelbeck, P. Vogel, P. Meibom, and C. Weber,

on Wind and Solar at Inter-State Level. 2017.

“Load-flow based market coupling with large- scale wind power

[24]

CERC, Indian Electricity Grid Code Regulations. 2010.

in Europe,” 8th Int. Work. Large-Scale Integr. Wind Power into

[25]

CERC, Deviation Settlement Mechanism and Related Matters.

Power Syst. as well as Transm. Networks Offshore Wind Farms,
pp. 296--303, 2009.
[9]

[26]

GIZ, “Detailed Project Report for Establishment of Renewable

[27]

CERC, Ancillary Services Operations Regulations. 2015.

C. D’Adamo, B. Buchholz, C. Abbey, M. Khattabi, S. Jupe, and
F. Pilo, “Development and Operation of Active Distribution
Networks : Results of Cigre C6 . 11 Working Group,” 21st Int.
Conf. Exhib. Electr. Distrib., no. June, pp. 6–9, 2011.

[10]

2014.

E. D. Anese, K. Baker, and T. Summers, “Transactions on
Power Systems Chance-Constrained AC Optimal Power Flow

Energy Management Centres ( REMC ),” 2015.
[28]

CERC, Indian Electricity Grid Code (Fifth Amendment). 2017.

[29]

CERC, Indian Electricity Grid Code (Fourth Amendment). 2016.

[30]

FOR, Model Regulations on Forecasting , Scheduling and
Deviation Settlement of Wind and Solar Generating Stations at

for Distribution Systems with Renewables,” vol. 8950, no. c, pp.

the State level. 2015.

1–12, 2017.
[11]

A. Borghetti, M. Bosetti, S. Grillo, A. Morini, M. Paolone, and

[31]

Settlement and Related Matters of Solar and Wind Generation

F. Silvestro, “A two-stage scheduler of distributed energy

Sources. 2017.

resources,” 2007 IEEE Lausanne POWERTECH, Proc., pp.
2168–2173, 2007.
[12]

[32]

MPERC, Draft Regulation on Deviation Settlement Mechanism

[33]

KERC, Regulation on Forecasting, Scheduling, Deviation

and Related Matters. 2017.

A. Saint-pierre and P. Mancarella, “Active Distribution System
Management : A Dual-Horizon Scheduling Framework for DSO

Settlement and Related Matters for Wind and Solar Generation

/ TSO Interface Under Uncertainty,” pp. 1–12, 2016.
[13]

D.

Jigoria-oprea,

G.

Vuc,

and

M.

Litcanu,

Sources. 2015.

“Optimal

management of a virtual power plant,” vol. 1, no. 8, pp. 0–4,

[34]

[35]

794–806, 2016.

[16]

[37]

M. P. New and Renewable Energy Department, “Madhya

2014.
Pradesh Wind Power Project Policy,” vol. 2012, no. February,
pp. 1–11, 2013.

D. Koraki and K. Strunz, “Wind and Solar Power Integration in

[38]

Government of Gujarat, “Gujarat Solar Power Policy 2015.”

[39]

NRCE, “First Meeting of the reconstituted Sub-Group of NRCE

2015.

8950, no. c, pp. 1–1, 2017.

for

A. Ghahgharaee, A. Zakariazadeh, S. Jadid, and A. Kazemi,

TTC/ATC/TRM - Minutes of the Meeting.” 2016.
[40]

scheduling of distributed energy resources in a large scale virtual
608–620, 2016.

power integration,” Renew. Sustain. Energy Rev., vol. 53, pp.

Improved Wind Integration by Dynamic Thermal Rating of

[42]

Benefit based selection of the Optimal Quantile,” no. June, pp.

[22]
[23]

CERC, Procedure for Implementation of the Framework on

NRCE, “Second Meeting of the reconstituted Sub-Group of

CERC, “Measures to relieve congestion in real time operation
C. Rahmann and A. Castillo, “Fast Frequency Response

W. Y. Ng, “Generalized Generation Distribution Factors For
Appar. Syst., no. 3, 1981.

[44]

X. Sun, P. B. Luh, K. W. Cheung, and W. Guan, “Probabilistic
forecasting of dynamic line rating for over-head transmission
lines,” IEEE Power Energy Soc. Gen. Meet., vol. 2015–Septe,
2015.

[45]

MNRE, Development of Solar Parks and Ultra Mega Solar
Power Projects. 2017.

of

Power System Security Evaluations,” IEEE Trans. Power

MNRE, Scheme for development of Solar Parks and Ultra Mega
Solar Power Projects. 2014.

computation

Grid Requirements and Definitions,” pp. 6306–6322, 2014.
[43]

2–5, 2016.
[21]

for

Capability of Photovoltaic Power Plants: The Necessity of New

Overhead Lines,” pp. 1–5, 2009.
R. Dupin, “Dynamic Line Rating Day-Ahead Forecasts – Cost

methodology

Regulations.” 2009.

80–92, 2016.
T. Ringelband, M. Lange, and M. Dietrich, “Potential of

the

TTC/ATC/TRM-Reg.” 2017.
[41]

E. Fernandez, I. Albizu, M. T. Bedialauneta, A. J. Mazon, and P.
T. Leite, “Review of dynamic line rating systems for wind

finalizing

NRCE for finalizing the methodology for computation of

power plant,” Int. J. Electr. POWER ENERGY Syst., vol. 82, pp.

[20]

JSERC, Forecasting, Scheduling, Deviation Settlement and

1, 2016.

“Electrical Power and Energy Systems Stochastic operational

[19]

Scheduling,

Power Plant,” IEEE Trans. Power Syst., vol. 8950, no. c, pp. 1–

centric Virtual Power Plants,” IEEE Trans. Power Syst., vol.

[18]

Forecasting,

Government of Rajasthan, “Rajasthan Solar Energy Policy.”

Electricity Markets and Distribution Networks Through Service-

[17]

on

[36]

A. Baringo and L. Baringo, “A Stochastic Adaptive Robust
Optimization Approach for the Offering Strategy of a Virtual

Regulation

Related Matters of Solar and Wind Generation Sources. 2016.

Level Approach,” IEEE Trans. Smart Grid, vol. 7, no. 2, pp.
[15]

Draft

Generation Sources. 2016.

E. G. Kardakos, C. K. Simoglou, and A. G. Bakirtzis, “Optimal
Offering Strategy of a Virtual Power Plant: A Stochastic Bi-

TNERC,

Deviation Settlement and Related Matters of Wind and Solar

2016.
[14]

GERC, Draft Regulation on Forecasting, Scheduling, Deviation

Y. Wang et al., “Methods for Assessing Available Wind Primary
Power Reserve,” vol. 6, no. 1, pp. 272–280, 2015.

[46]

A. J. Gesino, Power reserve provision with wind farms. 2010.

[47]

R. K. Varma, S. A. Rahman, and T. Vanderheide, “New Control

and tertiary control reserve by probabilistic methods,” Eur.
Trans. Electr. Power, vol. 19, no. January, pp. 544–552, 2009.
[54]

A. Ahmidi, X. Guillaud, Y. Besanger, and R. Blanc, “A
Reactive Power Balancing in Transmission Power System,” vol.

[50]

[51]

Soc. Gen. Meet., vol. 2016–Novem, 2016.
[55]

L. Zhang, W. Tang, and P. Cong, “Coordinated Day-ahead

6, no. 2, pp. 260–269, 2012.

Reactive Power Dispatch in Distribution Network Based on Real

ENTSO-E, “P1: Load-Frequency Control and Performance,” in

Power Forecast Errors - Second Version,” vol. 31, no. 3, pp.

UCTE Operation Handbook, 2009.

2472–2480, 2015.

H. Zheng and A. Kusiak, “Prediction of Wind Farm Power

[56]

M. Khanabadi and S. Kamalasadan, “Day ahead scheduling of

Ramp Rates: A Data-Mining Approach,” J. Sol. Energy Eng.,

distribution

vol. 131, no. August, p. 31011, 2009.

considering demand response and energy storage,” 45th North

Energy Soc. Gen. Meet., pp. 1–5, 2012.
K. W. Cheung and J. Wu, “Incorporating Dynamic Line Ratings
in Real-Time Dispatch of Market and System Operations,” in
Power and Energy Society General Meeting, 2016, pp. 3–7.

system

with

Distributed

Energy

Am. Power Symp. NAPS 2013, pp. 0–5, 2013.

H. Chen, H. Li, R. Ye, and B. Luo, “Robust scheduling of power
system with significant wind power penetration,” IEEE Power

[52]

V. P. A. Lonij et al., “A scalable demand and renewable energy
forecasting system for distribution grids,” IEEE Power Energy

Multilevel Approach for Optimal Participating of Wind Farms at

[49]

C. Maurer, S. Krahl, and H. Weber, “Dimensioning of secondary

Increasing Grid Power Transmission Limits During Night and
Day,” 2014.
[48]

[53]

of PV Solar Farm as STATCOM ( PV-STATCOM ) for

.

Resources

