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Principio básico de diseño de mercados eficientes
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Remuneración de flexibilidad
Los puntos de partida: Estándar internacional

Aumentar resolución del cálculo de precios Precio = costo marginal real del sistema

• Cálculo de precios en base a software de 
optimización

• Considera todas las inflexibilidades del sistema
• Precios premian flexibilidad

Introducir mercados vinculantes Participación de demanda

Time

Day-ahead 
market 

Real-time 
market

Uncertainty

Market Settlement interval

California 5 min

PJM 5 min

MISO 5 min

Perú 30 min

Chile 1 hr



Remuneración de flexibilidad
Los puntos de partida: Estándar internacional

Más información en
https://youtu.be/hYWpHrYKTiI

Standard 
Market Design 
(Hogan, 2018)

https://youtu.be/hYWpHrYKTiI


Remuneración de flexibilidad
Productos de rampa: Flexiramp

• Nuevo SSCC usado en CAISO y MISO

• Garantiza suficiente capacidad de rampa de 
subida o bajada para distintos periodos 

• Nueva fuente de ingreso en el corto plazo para 
recursos que prestan el servicio

• Premio por habilidad de ramping bajo 
incertidumbre

• Wang & Hobbs (2014) muestran que aumentan 
eficiencia del mercado

• Problema: Implementación actual resulta en 
precios=0 un 99% del tiempo



Remuneración de flexibilidad
Curva típica de demanda por reservas de SSCC (e.g. CSF y CTF)

P

[MW]
Reservas

VOLL o costo de falla

MW adicionales de 
reserva tienen valor 0

Requerimiento 
técnico 

• LOLP no es cero

• Precios artificialmente bajos

• P=0 cuando hay muchas reservas

• E.g. PJM



Remuneración de flexibilidad
Operating Reserve Demand Curves (ORDC)

• Introducen elasticidad administrativa a través de SSCC

• Reflejan disponibilidad a pagar por un mayor nivel de confiabilidad
71Electricity Scarcity Pricing Through Operating Reserves

Copyright ! 2013 by the IAEE. All rights reserved.
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FIGURE 1
Operating Reserve Demand

would correspondingly reduce the load curtailment. Hence the price of operating reserves
should be set at the value of lost load net of any energy savings.

At any other level of operating reserves, set to protect the system for events in the im-
mediate future, the value of an increment of operating reserves would be the same VOLL
multiplied by the probability that net load would increase enough in the coming interval to
reduce reserves to the minimum level where emergency action would be taken to restore
contingency reserves. Hence the incremental value of operating reserves would be the analo-
gous to the product of the loss of load probability (LOLP) and VOLL, or LOLP*VOLL. This
is similar in spirit to the capacity payment built into the original UK electricity pool market
design, with the important distinction that the implementation is intended for real-time
dispatch along with any forward markets rather than just for the day-ahead schedule. (New-
bery, 1995)

The clearest example of the application of this logic is from the implementation by the
Midwest Independent System Operator (MISO).

“For each cleared Operating Reserve level less than the Market-Wide Operating Reserve
Requirement, the Market-Wide Operating Reserve Demand Curve price shall be equal to the
product of (i) the Value of Lost Load (“VOLL”) and (ii) the estimated conditional probability
of a loss of load given that a single forced Resource outage of 100 MW or greater will occur
at the cleared Market-Wide Operating Reserve level for which the price is being determined.
. . . The VOLL shall be equal to $3,500 per MWh.” (MISO 2009, Schedule 28, Sheet 2226).

Combining this with the treatment of minimum contingency reserves, the resulting op-
erating reserve demand curves would look like the hypothetical illustration in the accompa-
nying Figure 1 drawn from a similar analysis in another region. In the figure the assumed
VOLL is $10,000/MWh and the minimum contingency reserve requirement is assumed to
be 500MW. The VOLL is associated with involuntary curtailments that would be incurred

VOLL

LOLP x VOLL

[MW]Reservas

• Disponibilidad a pagar por evitar posibles
cortes

• Evita colapso artificial de precios de 
reservas (incluyendo flexiramp!)

• Evita colapso artificial de precios de 
energía si se co-optimiza energía y SSCC

Aumenta confiabilidad



Remuneración de flexibilidad
Remuneración de flexibilidad en Bélgica con ORDCs

• 11 CCGTs que entregan flexibilidad al sistema no logran cubrir costos de largo plazo (5.6 €/MWh)
• Retiro de nucleares + penetración de generación solar y eólica

Papavasiliou & Smeers (2016)

Ingresos adicionales
dependen de 

disponibilidad y 
flexibilidad

de las unidades

Difícil de replicar con 
mecanismo de 

capacidad



Remuneración de flexibilidad

• We need a sloped operating reserve demand curve [ORDC] so we don't see that price 
drop-off, so those are the essential elements of the proposal (Andy Ott, former CEO)



Remuneración de flexibilidad

Clean energy for all

What is electricity ‘market design’?

Market design is the ‘rulebook’ for energy market 
players. The rules establish the general principles and 
technical details on energy market participation, as well 
as specify rights and responsibilities among market 
participants. ‘Market design’ is the ‘software’ on which 
our energy markets run, while the energy infrastructure 
is the ‘hardware’. 

The rules carry consequences for all energy market 
N?PRGAGN?LRQ�ȩ 2FCWȩ ?JQMȩ ?ȎCARȩ RFCȩ U?Wȩ K?PICRȩ
participants are remunerated, which drives future 
investments decisions. Importantly, market design rules 
also cover the role played by oversight and regulatory 
bodies in checking that rules are promptly applied and 
in ensuring market access. Market design rules need to 
be able to adapt to fast-evolving technologies and new 
market participants, allowing a clean and secure energy 
transition to take place. 

What is wrong with electricity markets 
today? 

Europe’s electricity system is changing profoundly and 
rapidly. In the EU the share of electricity produced by 
renewable sources has soared to 29% and will grow 
up to 50% in 2030, in line with the 2030 energy and 
climate goals and with the Paris Agreement.

Much of it will come from variable and less predictable 
sources like wind and sun. As a result, market rules 

should be adapted to facilitate this development, 
GLAPC?QCȩRFCȩȐCVG@GJGRWȩMDȩRFCȩQWQRCKȩ?LBȩCLQSPCȩQCASPGRWȩ
of electricity supplies.

At the wholesale level, we have seen increasing 
competition and cross-border trade of electricity over 
the past years. However, in some ways our markets are 
QRGJJȩSLBCP�NCPDMPKGLE�ȩ#JCARPGAGRWȩBMCQȩLMRȩ?JU?WQȩȐMUȩ
directly to where it is most needed, and some Member 
States are resorting to purely national assessments 
and strategies to minimise risks to security of supply, 
without taking account of the impact on neighbouring 
countries. 

'Lȩ KMQRȩ N?PRQȩ MDȩ RFCȩ #3
ȩ PCR?GJȩ K?PICRQȩ QSȎCPȩ DPMKȩ
persistently low levels of competition and consumer 
engagement. Despite technical innovation such as 
smart grids, smart homes, self-generation and storage, 
AMLQSKCPQȩ?PCȩLMRȩQSȑAGCLRJWȩGLDMPKCBȩLMPȩGLACLRGTGQCBȩ
to actively participate in electricity markets. It thus 
prevents consumers from controlling and managing 
their energy consumption while saving on their bills and 
improving their comfort.
 
 
What are the new rules for the wholesale 
market?

The new rules will touch upon a variety of principles 
and technical provisions with real tangible economic 
CȎCARQ�ȩ2FCQCȩGLAJSBC
ȩ?KMLEQRȩMRFCPQ�

NeW eleCtriCity market desigN: a fair deal for CoNsumers

REGULATION (EU) 2019/943 OF THE EUROPEAN PARLIAMENT AND OF THE 
COUNCIL

(24) Short-term markets improve liquidity and competition by enabling more resources to participate fully in the 
market, especially those resources that are more flexible. Effective scarcity pricing will encourage market 
participants to react to market signals and to be available when the market most needs them and ensures that 
they can recover their costs in the wholesale market.

25. CHAPTER IV RESOURCE ADEQUACY

When addressing resource adequacy concerns, the Member States shall in particular take into account the 
principles set out in Article 3 and shall consider: 

(c) introducing a shortage pricing function for balancing energy as referred to in Article 44(3) of Regulation (EU) 
2017/2195;
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Mecanismos de suficiencia

P

Q

Fundamentos económicos del spot pricing o marginalismo

Con demanda elástica, todos los precios quedan bien definidos

Precio spot lo fija la 
demanda, no la oferta

Scarcity price



Missing money

Mecanismos de suficiencia
Origen del missing money

• Demanda se considera como recurso totalmente inelástico
• VOLL o costo de falla y precios techo muy bajos

P

Q

VOLL necesario para garantizar 
objetivo de suficiencia

VOLL usado en la práctica



Mecanismos de suficiencia

Fuente: The Brattle Group (2014)

Texas: ¿Qué nivel de suficiencia incentiva un VOLL de 9000 $/MWh?



Mecanismos de suficiencia
Elementos básicos de un mecanismo de capacidad

1. Objetivo de suficiencia

• E.g., LOLP o Expected Unserved Energy

2. Máxima disponibilidad a pagar por potencia firme

• Costo neto de nueva entrada (turbina de referencia)

3. Definición de potencia firme

• Coincidencia con demanda de punta o ELCC

4. Mecanismo de despeje de precio

• Subasta forward o fórmula de pago ex post (Chile)

Pr
ec

io
 p

ot
en

ci
a 

fir
m

e

Margen de reserva instalado



Mecanismos de suficiencia
Curvas de demanda por potencia firme en USA

Fuente: Spees et al. (2013)



Mecanismos de suficiencia
¿Qué consiguen los mecanismos de potencia?

Anticipated and Prospective Reserve Margins for 2023 Peak by Assessment Area

Source: 2018 Long-term reliability assessment, NERC



Mecanismos de suficiencia

14 años de pronósticos de demanda de punta en PJM

Source: The Brattle Group

¿Por qué tanta potencia firme en mercados de capacidad en USA?

“…regions with capacity markets spent 
over $51 billion from 2013 through 2016…” 

“…FERC has not fully assessed the overall 
performance of capacity markets.”

“By more fully assessing performance 
(FERC) may help ensure customers do not 

pay more than necessary for resource 
adequacy.”

¿Beneficio > Costo?



Mecanismos de suficiencia
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Installed Reserve Margin

Chile PJM 2021/2022

Margen de reserva 
instalado

~65%

Curvas de demanda por potencia firma en PJM y en Chile

~ $1 billion/yr en 
pagos por potencia 

~13 $/MWh

El problema de no tener un objetivo de suficiencia en Chile

¿Beneficio > Costo?



Mecanismos de suficiencia

Curva de demanda por potencia firme en UK (2014) Estimación administrativa del missing money

• National Grid estimó que costo neto de 
nuevas inversiones ~49 £/KW-yr

• Costo (neto) de unidad de referencia de 
punta CCGT

Resultado de la subasta

• P= 19 £/KW-yr
• 60% potencia de 2 nuevas CCGTs
• 28% potencia de 1 nueva OCGT
• 6% potencia de Respuesta de DemandaNewbery (2016)

Ventaja de usar una subasta forward en vez de una fórmula de pago ex post
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Comentarios finales

Aumentar resolución temporal de precios

Cálculo de precios en base a software

Mercados vinculantes

Participación de demanda

Flexiramp

Scarcity pricing con ORDCs

Contratos de largo plazo
con atributos de flexibilidad

Señales de corto plazo Señales de largo plazo
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Batería Tesla en Australia



Comentarios finales

Aumentar resolución temporal de precios

Cálculo de precios en base a software

Mercados vinculantes

Participación de demanda

Flexiramp

Scarcity pricing con ORDCs

Pago por potencia

Señales de corto plazo Señales de largo plazo
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• ¿Cuál es el objetivo de suficiencia?

• ¿Cuál es el missing money de las unidades flexibles?

• ¿Cuál es la potencia firme de una unidad flexible?

• ¿Por qué tanto énfasis en la señal de largo plazo?

• ¿Beneficio > costo?

Requerimientos de PPAs
con atributos de flexibilidad
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