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Disclaimer

The issues presented in this discussion paper do not represent the views of the Central
Electricity Regulatory Commission, its Chairman, or Individual Members, and are not
binding on the Commission. The views are essentially of Staff of CERC and are
circulated with prime aim of initiating discussions regarding Market Based Economic
Dispatch of Electricity in India through redesigning day-ahead market in power

exchanges and soliciting inputs of the stakeholders in this regard.
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1. Introduction

1.1  Indian Power sector is characterized by multiplicity of players across all segments
of the value chain viz., generation, transmission, trading and distribution. There are more
than 600 generating stations, 30+ transmission licensees, 70 odd distribution licensees, 2
power exchanges, 40 odd trading licensees, load dispatchers at the center, in each of the
five regions and in each of the 29 States. The total installed generation capacity is 346
GW (as on September 2018), out of which 57% is from Coal, about 13% Hydro, 21%
Renewables, 7.2% Gas, and 2% Nuclear. (Figure 1)

Figure 1. All India Installed Capacity (as on September 2018)
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Source: http://www.cea.nic.in/reports/monthly/installedcapacity/2018/installed capacity-09.pdf
1.2 Most of the generation capacities are tied up in long term power purchase
agreements (of 25 years) with the distribution companies (discoms) and the rest in
medium term contracts (up to 5 years) and short term contracts (up to 1 year). As
depicted in Figure 2, at 87% long-term transactions dominate the share of total electricity
transactions in the country. Discoms for meeting majority of their daily power need, self-

schedule generation from the portfolio of these long-term contracts and the remaining is
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procured through bilateral transactions with other discoms, through power exchanges or
traders. Self-scheduling refers to the practice followed by the discoms to requisition
power from the generating stations with which they have contracts. While placing such
request/ requisition, the discoms are not obligated to intimate to the system operator the

variable cost of such contracted generator.

Figure 2. Volume of electricity Transactions in India
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Source: Market Monitoring Report, August 2018

1.3 In case of the generating stations tied up in long term PPA, scheduling is done on
day ahead time horizon based on the timeline as indicated in Figure 3. Every day by 6AM
the Inter-State Generating Stations (ISGS) declare their capabilities for the next day and
intimate to the concerned Regional Load Dispatch Center (RLDC). RLDC validates these
capabilities and informs each state of its respective entitlements. Once the entitlements
have been communicated, the State Load Dispatch Centers (SLDCs) request dispatch
from the ISGS with respect to their share out of the declared capability for the following
day. If the ISGS wants to sell power to the market, consent has to be obtained from its
beneficiary first. The beneficiary has to communicate its consent by 9:45 AM. Thereafter,
the SLDCs carry out reviews to calculate the State’s power requirement from the ISGS,
based on the forecasted load, State’s own generating capability and the long-term,

medium-term and short-term bilateral arrangements with the ISGS. This schedule is
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communicated to the RLDC by 3PM. The RLDC having all the required information
computes the dispatch schedule for the ISGS and similarly the drawal schedule for the
states by 6PM. The states as well the ISGS have the opportunity to make modifications to
their drawal schedules and declared capabilities respectively by 10PM.

Figure 3. TimeLine for Day Ahead Scheduling of Long Term Transactions
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Source: CERC Staff Analysis

1.4  As regards short term transactions constituting Advance scheduling, first come
first serve (FCFS) contracts, day ahead bilateral contracts and transactions through the

power exchanges, their scheduling follows the timeline as indicated in Figure 4.
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Figure 4. Time-Line for Scheduling of Short Term Transactions
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The advance scheduling refers to scheduling up to 3 months in advance. Buyers have to
make applications by the end of the first month for advance scheduling for the fourth
month. Applications for advance scheduling in the third month must be made 5 days prior
to the end of the first month and similarly applications for the second month must be

made 10 days prior to the end of the first month.

1.5  After the advance scheduling deadlines, there is a provision for first-come-first
serve (FCFS) contracts. The applications for FCFS need to be made four days prior to the
day of operation and approval for the same is granted within three days. Finally, after the
deadline of FCFS contracts, there is a provision for scheduling day ahead bilateral
contracts the applications for which are made within 3 days prior to the day of scheduling
and up to 3PM of the day preceding the date of operation. Applications made within this
time period are processed together only after processing the collective transaction

applications made during the same time period.
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1.6 In so far as the transactions in the day-ahead market segment of the power
exchanges are concerned, the bidding takes place from 10AM to 12 noon, a day prior to
the day of operation. Provisional matching is sent to the NLDC for approval by 1PM and
the NLDC reverts with congestion related information by 2PM. Based on the
information, the power exchanges send the final scheduling request to the NLDC by
3PM. Once the NLDC confirms the scheduling request of the power exchange by 4PM,
the power exchanges inform the SLDCs of the approved schedules by 5:30PM. The
RLDCs and SLDCs incorporate all the collective transactions in their daily schedules.

1.7 Day Ahead Markets are a part of a continuum involving the multi settlement
markets. While a DISCOM contracts capacity in Long Term, it schedules the power
mostly in day-ahead time horizon. Therefore, each of these markets — along the
continuum, allows the DISCOM to “correct” its position by either buying more
contracted quantity (if it perceives that the demand will increase) or selling (directly,
being a deemed trader or through a separate trader) excess contracted quantity (if it

perceives that the demand will decrease).
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2. Issues in the current day ahead market design

2.1 At present, under the self-scheduling mechanism the discoms prepare their
schedule from their portfolio of contracts to meet the expected load. These schedules are
submitted to the load-dispatch centers as per the timelines discussed in section 1. This
process does not mandate the discoms to declare the cost of their scheduled generation,

more precisely, the variable cost.

2.2 There are consequential issues that arise due to self-scheduling. For instance, it
leaves several low-cost generation capacities partially or sub-optimally utilized. This is
because, the discoms do not have visibility of other cheaper options nor do they have the
right to requisition/schedule power from the generating stations with which they do not
have a contract. Figure 5 depicts how scheduling in individual silos by each discom can
lead to sub-optimal utilization of lower cost generation while relatively expensive
generation is used. Discoms do not have the opportunity to identify cheaper generation

outside their portfolio due to the lack of visibility of such available capacity.

Figure 5. Self-Scheduling / Merit Order in silos

Source:- CERC Analysis
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As depicted in Figure 5, under self-scheduling mechanism there remains a possibility of
some cheaper generation capacities not getting scheduled fully (un-requisitioned surplus
or URS) when some expensive generation resources are scheduled. This is because each
discom operates in its own silo. In this example, URS at VC of Rs. 2.5 (Genco 2), and Rs.
3.0 (Genco 3) remain unutilized while higher cost generating stations (Gencos 6, 7 & 8)
are scheduled. This is because Discom B or Discom C does not have contract with

(Genco 2) or (Genco 3), and each one of them operates in its silos without the visibility of

the other.

2.3 The Figure 6, theFigure 77 and the Figure 8 show the generation portfolio of five
States viz. Andhra Pradesh, Karnataka, Telangana, Maharashtra, and Chhattisgarh (for
which primary data have been collected) stacked in the order of their variable cost. The
energy dispatched and declared capacity, respectively for one time block on a particular

day; each time-block for a day and for all days of a month have been aggregated.

Figure 6. Actual and Max. Possible Generation for 5 States for one time block (Slot-1 of the
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Figure 7. Actual and Max. Possible Generation for 5 States for a day (1st July,2016)
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*Data presented for 5 states only — 01-July 2016

Source: CERC staff analysis

Figure 8. Actual and Max. Possible Generation for 5 States for the month of July, 2016
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Note:

For Five States (Andhra Pradesh, Karnataka, Telangana, Maharashtra, Chhattisgarh)

maximum possible generation at Declared Capacity (DC) (in MUs) Vs. Actual Generation (in
MUs) have been arranged in ascending order of variable cost of generators.

The two overlapping area graphs show the actual generation (AG) dispatched by these

generators and their declared capacity (DC). It is observed that there are several low-cost

generators (in a time block, a day as also in a month) with surplus DC remaining unused
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while relatively expensive generators were being dispatched. This implies, they were not
dispatched completely by their state and in the absence of a platform where this low-cost
capacity could be made visible to other buyers, the plants remain partially un-utilized.
Self-scheduling adds a layer of opaqueness in the system and makes it difficult for the
system operator to identify and dispatch the unused low-cost generation. The dark area in
excess of the light area in the graph represents the scope for optimization in scheduling

and dispatch. That area represents the surplus unused relatively low-cost generation.

2.4  The case for sub-optimal utilization of generation assets becomes all the more
prominent when the actual generation of each state is combined together and is contrasted

with the cumulative pooled generation of all the five states taken together, as depicted in

Figure 9.

Figure 9. Actual Dispatch vs. Pooled Dispatch (MUs) July, 2016 (cumulative)

Actual dispatch vs Pooled dispatch (MUs) — July 2016 (Cumulative)
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Source: CERC Staff Analysis

The light green line indicates the cumulative actual generation of all the generators in the
five States, where as the dark green line shows the cumulative pooled generation
(equivalent to the declared capacity) of all the generators in the five States, stacked in
merit order. It can be seen from the above figure that the system marginal cost in the

actual dispatch scenario is much higher than that of the pooled dispatch. In other words,
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the available URS from plants with cheaper variable costs is not utilized, whereas the

plants with higher variable costs are being dispatched.

2.5  There could definitely be some explanations for non-utilization of cheaper sources
of generation. For instance, factors like transmission constraint, maintenance shut down,
ramping constraints, technical minimum etc. could be responsible for such results.
However, simulations have been done (as explained in later sections of this paper) by
applying some of these constraints and the results of the constrained optimization still

show definitive scope for optimization of generation resources.

2.6 The other challenges emanating from the practice of self-scheduling include lack
of flexibility to meet seasonal and diurnal variation in demand. For example, a discom
having contracts with hydro generators may not need to use this available capacity in
monsoon period. In other cases, in order to meet peak demand in the evening, discoms
are forced to keep running costlier generation capacity at its technical minimum in off
peak period even at the cost of backing down of cheaper generation. De-centralized self-
scheduling does not allow optimum utilization of cheaper generation capacity because of
lack of visibility of demand from other discoms. The availability of un-requisitioned
surplus (URS) from low cost generating stations also implies a potential for optimizing

scheduling and dispatch in order to lower cost of power procurement for discoms.

2.7  The extant practice followed to provide day-ahead schedule (of the generation
contracted under long-term agreements) often weakens physical and financial sanctity of
transactions, as both the generator and the discom can revise schedule 4 time blocks
ahead of dispatch without any financial liability. This makes system operation prone to a

lot of uncertainties.

2.8  To summarise, the key challenges of the existing mechanism of self-scheduling

are as under:-
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Self-scheduling restricts visibility of low cost generation available with other
discoms or generators;

Costlier generation is used despite availability of cheaper generation — leading to
inefficiency and increased system cost;

Given that the discoms are not obligated to reveal the variable cost of the
generation that they are scheduling, true system marginal cost is not known;
Self-scheduling often constrains optimum utilization of renewable sources of
energy. As the visibility of a discom is limited to its own territory, surplus
renewable energy in the State is curtailed. Further, with increase in penetration of
Distributed Energy Resources (DER) at Distribution Network (which SLDC and
RLDC are not able to observe), DISCOMs would need to take into account
generation from such sources, to ensure flexibility in the system while catering to
‘net load (demand minus the generation from embedded RE resources)’. This is
critical because such embedded sources of renewable generation need to be taken

explicit cognizance of while scheduling other conventional sources.

The following section explores international experience in the context, especially

on optimum utilisation of generation resources, before recommending a framework

suitable for India.
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3. International Experience

3.1  The independent system operators (ISOs), in the US have over the period adopted
the centralized bid-based pool model as market design. In the process of designing and
moving towards a centralized pool-based approach they have continued to accommodate
self-schedules in a way that do not compromise their objective of least-cost grid
operations. This has provided the ISOs room to gradually develop the market design to
incentivize more and more participants to go through the energy market rather than
submit self-schedules'. Currently, electricity transactions regardless of whether part of
the day-ahead energy market or self-scheduled, all get settled financially at the market
clearing price (MCP)’. Hence effectively, buyers who submit self-schedule become the
price takers since they have to settle at prices cleared in the day-ahead market. Bilateral
contracts do not generally relate to the dispatch of available resources but instead
‘stipulate how economic rents from spot markets and the risks of lower than expected

capacity factors will be allocated between parties.
PIM

3.2 The PJM’s day-ahead market calculates the hourly clearing prices for the
following operating day on the basis of all the generation offers, demand bids, increment
offers, decrement offers as well as bilateral transaction schedules which are submitted’.
All generators have to submit offers in the day-ahead market regardless of their operating
status (e.g: maintenance or unplanned outages). Self-scheduled generators also have to
submit their MW schedules to the day-ahead market. Buyers are required to submit their
hourly demand bids for the following operating day as MW quantities at particular

locations, which they are willing to purchase. (See Figure 1010)

! Electricity Contracting in the United States (USAID Report 2018)
* Wholesale Market Design Initiatives in the United States (EPRI)
3 PJIM Manual 11, 26™ July 2018
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Figure 10. PJM Market Timeline
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Source — PJM Manual 11: Energy and Ancillary Services Market Operations

3.3  The buyers can also submit price sensitive demand bids which include the price
along with the MW quantity and location. After all the submissions are made, the prices
are calculated on the basis of Locational Marginal Pricing (LMP) concept which
considers three components; the system energy price, congestion price and loss price. The
PJM scheduling philosophy for the day-ahead market is “to schedule generation to meet
the aggregate demand bids that results in the least-priced generation mix, while
maintaining the reliability of the PJM RTO.” The day-ahead schedule is calculated
based on least-cost, security constrained resource commitment and dispatch for each hour

of the following operating day".

* PIM Manual 11, 26" July 2018
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New York Independent System Operator (NYISO)

3.4 NYISO’s markets are designed to ensure that bilateral contracts don’t affect the
ISOs objective of meeting the system load with least-cost and reliable electricity
generation. A buyer is allowed to self-schedule its day-ahead demand with its contracted
generators and communicate it to NYISO. However, all state generators (even if self-
scheduled) are required to submit economic bids to the ISO comprising the quantum of
electricity offer with a price for the following day. NYISO’s day-ahead market closes the
earliest amongst the different ISOs. Their bidding period starts seven days prior to the
day of delivery and closes as early as SAM the preceding day. (see Figure 11)

3.5 The ISO then combines all the generator offers which include generators offering
electricity in the energy market as well as self-scheduled generators. The bids are
processed and schedules are prepared by 11AM. Therefore, the schedule of the contracted
generators does not impact the ISOs process of optimizing the available generation
resources to ensure that the least-cost dispatch takes place in the system, effectively
helping lower the system costs and costs to the buyer as well. The buyers who submit
self-schedules have to be price takers since they do not bid a price into the day-ahead
market. Bilateral contracts consist of 40% of the total electricity transactions and the rest

60% take place through NYISO’s locational based marginal price (LBMP) market.

3.6  The following flow chart shows the NYISO’s process right from bidding phase to
financial settlement. All the bids from the power exchange as well as the self-schedule

load and generation go through NYISO for centralized dispatch in merit order.

California ISO (CAISO)

3.7  California has been through a few phases of power market restructuring in the last
three decades. Till 2009, CAISO’s market design consisted of Load Serving Entities
(LSEs) self-scheduling their day-ahead and hour ahead demand while the CAISO market
only used economic bid-based dispatch of generation in the real time through economic

bids. Therefore, self-scheduling was a major part of their day-ahead process and only the
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real-time energy transactions went through CAISO market. This bilateral day-ahead
market design put the burden of optimizing the day-ahead schedule on the utilities.
Optimizing their schedule was important since they had to meet the residual demand or

supply through the CAISO market at the real-time prices.

Figure 11. NYISO Day-Ahead Market Process
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Source: NYISO — Day-Ahead Scheduling Manual 11

3.8 In 2009, the market was redesigned on the lines of the PJM market. The CAISO

markets require the participants to submit economic bids which include the quantity
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along with a price. Self-scheduled load or generation has to submit only their quantity
and as mentioned earlier, they would be price takers in this scenario. So, locational
marginal prices (LMPs) are discovered in both the day-ahead and real-time markets and
all generation and load is settled at these prices. There have been a number of contracts
that have developed to facilitate participation of buyers and sellers who are part of long-
term bilateral contracts. Contracts for differences (CfD) being the most widely used as

effective arrangement between the parties.

3.9  With increase in penetration of renewables into the grid, self-scheduling brings in
major concerns. Self-scheduling makes it difficult for the CAISO to react to changes in
the system. Renewable curtailment increases as significant amount of self-scheduled
resources are online. Presently, CAISO is directing its efforts to reduce self-scheduling to

ensure that RE curtailment is minimized as much as possible.

3.10 Production cost savings were examined in the Midwest ISO (MISO) region as the
markets transition from a decentralized or less centralized dispatch operations (called as
‘Day One’) to a centralized market-driven unit commitment and dispatch process (called
as ‘Day Two’)’. The analysis suggested as the market transitioned from a Day 0 (pre-
RTO) to Day 1, production cost declined around 1.35% and transitioning to Day 2
operations yielded further reduction of 2.61%. Absolute savings across MISO in fuel and
S0, from Day 0 to Day 2 amount to around $261 million a year, out of which $172
million are due to transition from Day 1 to Day 2. Implying that at a constant rate the
savings would amount up to $1.72 billion in 10 years. Recently, MISO advertised that in
2017, “its centralized dispatch system and modelling software resulted in a cost
savings between $229 million and $259 million from improved unit commitment

2

among the RTO’s 30 balancing authorities”.

> Generation Cost Savings from Day 1 and Day 2 RTO Market Designs, Brattle Group 2009
% RTO Insider, MISO touts $3 billion in 2017 savings
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Integrated European Electricity Markets

3.11 Similar to India and contrary to the US, in European Union the system and market
operators are distinct organizations which function independently. Figure 12 shows a

simplified version of EU’s day-ahead market design’.
Figure 12. Organization of Electrical Power System in EU
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s

System
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- J
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energy trading and CONnNsuUImerns
allocates cross-border
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Generate their own electricity,
OTC sell their extra generation

Source: How the European day-ahead electricity market works, Bertrand Cornélusse
http://www.montefiore.ulg.ac.be/~cornelusse/material/CoursEM20170331.pdf

Each region has its own system operator which is known as Transmission System
Operator (TSO) and each region has its own power exchange which operates day-ahead
markets, intra-day markets, balancing markets etc. Over several years EU has been trying
to achieve their goal of an integrated European electricity market to increase
transparency, efficiency, liquidity and most importantly social welfare®. Therefore, seven

power exchanges; EPEX Spot, CME, Nord Pool, OMIE, OPCOM, OTE and TGE have

" How the European day-ahead electricity market works, Bertrand Cornélusse -
http://www.montefiore.ulg.ac.be/~cornelusse/material/CoursEM20170331.pdf

8 PCR Project, Price Coupling Region - https://www.belpex.be/wp-content/uploads/PB102-7.6.1-PCR-Standard-
Presentation detailed last 1.pdf
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taken the initiative of integrating their markets and adopting price coupling mechanism to

. . .. . . 9
discover single electricity prices across regions .

3.12 Currently, these seven exchanges operate across 23 countries'’ and are working
towards integrating more power exchanges. In the day ahead markets of these exchanges,
price clearing takes place once a day for all the regions where it is possible to match the
bids between different regions/power exchanges and utilize cross-border generating
resources implicitly. Integrating more regions and implicitly allowing cross border

trading can realize social welfare benefits to the tune of €16 - €43 billion by 2030.

3.13 Moreover, accommodating high levels of RE integration and balancing it over a
wider region has allowed several geographic and technical diversities to be exploited
which reduces the overall balancing volume''. Several other benefits of an integrated
market based on market coupling principles have already been achieved. Figure 13
summarizes different benefits achieved and potential to achieve more. Integrated or larger
markets in EU and US have delivered least cost electricity to cons