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Chilean system operation and development
Historically, Chilean National Electric System (“SEN”) has been primarily a hydrothermal system, however over the past
few years integrated significant levels wind and solar. Additionally, there have been commitments to retire coal
facilities and decarbonization goals defined, which could lead to adequacy and flexibility challenges for the system.

SEN 2021
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Ancillary services regulation
Chilean system has defined primary frequency control (PFC), secondary frequency control (SFC) and tertiary frequency
control (TFC) services as part of ancillary services market. The process used by the ISO to determine the ancillary
services has evolved during past years.
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Impact of ancillary services on system costs
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The ancillary services market can have an effect on the marginal cost electricity and side-payments for end consumers.
Therefore, changes to the ancillary services market must be made using a holistic approach which considers all system
costs.
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Do changes in ancillary service market incentivize investments and an efficient operation of the system?
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Phases in ancillary services allocation strategy
Ancillary services payments are adjusted considering a performance factor that reflects the quality of the response of
each unit. Additionally, wear costs should not be considered simultaneously in the payment of reserves and energy. The
bidding period takes place at least 13 hours prior to the actual operation, which can be inadequate.
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* Wear costs may be also considered on variable cost
System security control and optimal pricing of electricity. MC Caramanis, RE Bohn, FC
Schweppe.
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Participation in different implementation phases
At the beginning of the process, the bids were mostly completely allocated and adjudicated to two companies. After
some months, the bidding was insufficient to supply demand, however the allocation was more diversified.

Each color represent a
company*

* This plot shows the portion of adjudicated reserves by company for each requirement,
independently of tender cataloging (complete, deserted or partially committed)
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Structure of the ancillary services market affects the system operation
When the auction system began (second phase), the secondary and tertiary frequency control services were awarded mostly to
hydroelectric resources. As the availability of hydroelectric resources decreased, reserves were allocated mainly to gas and, to a lesser
extent, coal. In the third phase, when the auction system was eliminated, the allocation to coal and biomass increased, while the allocation
of gas and reservoirs decreased.
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How can we benchmark the efficiency of the bid-based system?
During the second phase of implementation, the use of hydroelectric resources to provide reserves was significantly higher from January
through March, than April and May. An alternative day ahead unit commitment, based on cost audited reserve allocation, was simulated for
the same period and the use of hydroelectric resources for reserves was more balanced between January and May.
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1

Water usage is affected by tender so water costs are not
exactly what they would be in an operation without tender.

* This benchmark evaluates the second phase period from January to May 2020.
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Adjudicated bid prices in different phases
The price of the offers in the market reopening phase (fourth phase) have been lower because a large part of the costs
are calculated by Chilean ISO according to audited costs outside the offer price.
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Evolution of ancillary services side payment costs
Side payments associated to the ancillary services tender are higher in the second phase compared to the fourth phase.
In the fourth phases the opportunity costs and variable cost over spot price side payments were higher in 2021.
However, the cost increases were affected by the increase on spot prices.

The second stage ends on September 21, 2020, and the third stage
ends on December 15, 2020, that’s why those months are repeated.
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Decoupling of the system due VRE integration affects ancillary
services market
The decoupling of systems due to transmission congestion will change levels of competition in the ancillary services
market; the level of competition in each subsystem should be carefully evaluated.
August 17th ,2020

+ 2528 𝑀𝑊
(2023)

Solar curtailment
drop spot prices to
zero
+ 1431 𝑀𝑊
(2023)

Transmission system
development should not
be ready in time to
integrate all the
expected new capacity.
+ 186 𝑀𝑊
(2023)

Transmission
congestion

+ 753 𝑀𝑊
(2023)

+ 435 𝑀𝑊
(2023)
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Inflexibilities in the allocation process of ancillary services constraint
the flexibility of flexible assets
When reservoirs provide frequency regulation services their operations are restricted and their capacity to provide flexibility to supply
variability of the net-load can be affected. Hence, leading to the dispatch of more flexible thermal units.
May 19th, 2020

(area): Generation (MWh)
(line): CTF(+) Reserves (MWh)

When the Rapel
reservoir is providing up
reserves the ability of
Rapel to operate during
peak hours is limited

Reservoir limitations:
Rapel
- Exhaustion level limitation.
Cipreses
- U3 capacity limited at 31 MW.
- U1 capacity limited.
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The performance metrics used to evaluate the provision of ancillary services are an
important factor in the ancillary service market design
Some units providing Secondary Frequency Control (SFC) up and down are not responding adequately to provide the
reserves they have been requested, showing that there are challenges with how response performance is being
considered in the reserve allocation and payment process.
A proper performance
should (among others) lead
to a linear response
between the provided
reserve and the requested
reserve .

Some units respond to
requested provision but
with less precision.

Some units simply do not
provide the adequate
response.

Few units has this
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Opportunity of renewable resources participation in ancillary services
market
Renewable resources can be adapted to provide part of the ancillary services requirements through power inverters,
allowing other flexible resources to fulfill other functions required by the system.

First Solar’s
photovoltaic
unit has
participated by
providing down
secondary
frequency
control with its
inverter.
Reference: First Solar.

Standard for Interconnection and Interoperability of Inverter-Based Resources
Interconnecting with Associated Transmission Systems, WSPI-P of IEEE,
P2800TM/D6.0, March 2021

19

Agenda
1. Chilean system and regulation
2. Scope of study
3. New tender development methodology
4. Analysis of new tender implementation
5. Conclusions

20

Learned lessons
1. The whole system structure should be considered when designing the ancillary services
market.
2. The structure of the operation and dispatch programming process is key in the design
and operation of ancillary services market.
3. The definition of performance metrics plays a relevant role in adequately implementing
ancillary services markets.
4. Renewable resources integration will change the dynamics of ancillary services market:
a)

The system structure and operations will change

b)

Inverter based technologies can increase the participation of renewables resources
on ancillary services market
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