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Fuerte crecimiento de energias renovables no
convencionales
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El principal impulsor del boom renovable es la baja
de su costo y no las leyes creadas para fomentarlas
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Fuerte crecimiento de energias renovables no convencionales

ERNC Expansion estimada (2017 - 2028)
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80% de la expansion es ERNC (50% Viento)

Fuente: CNE +proyectos ERNC adjudicados en las ultimas licitaciones



Sin embargo, la irregularidad de la generacion solar FV y edlica,
determina gque la operacion de las centrales termoeléctricas

también sea irregular (ciclados)

Net Load Solar Wind

Punta .
/ / Punta Necesidad Punta
de Reservas / Necesidad
y Rampas de Reservas
Intermedia R
: ampas
Intermedia Y d
Intermedia
Base Base
Base
0 4380 8760 0 4380 8760 0 4380 8760
Horas Horas Horas

—

Mayor Penetracion de Energia Renovable

Fuente: Ministerio de Energia, presentacion de Inodu, octubre 2017



Ciclados en las centrales termoeléctricas
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N. Kumar, P. Besuner, S. Lefton, D. Agan, y D. Hilleman, 2012, Power Plant Cycling Costs, National
Renewable Energy Laboratory (NREL).



Promedio mensual de ciclados por ciclo combinado SIC y
SING (periodo 2010-2016)
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Promedio anual por unidad
on-off Rampas Total ciclados
2010 63 129 192
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Promedio mensual de ciclados por central a carbon SIC y

SING (periodo 2010-2016)
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Promedio anual por unidad

on-off Rampas Total ciclados

2010 23 56 79

2011 23 100 124
2012 22 61 83

2013 23 79 102
2014 23 109 132
2015 24 157 180
2016 26 250 275
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Ciclados mensuales de la Unidad 16 (ciclo combinado)
periodo 2010-2016

Promedio mensual por unidad
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Promedio anual por unidad
on-off Rampas Total ciclados
2010 30 336 366
2011 90 160 250
2012 31 448 479
2013 38 418 456
2014 37 609 646 /
2015 68 701 769
2016 189 507 696
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Ciclados mensuales de Norgener (carbon)
periodo 2010-2016

Promedio mensual por unidad
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Promedio anual por unidad

on-off Rampas Total ciclados
2010 9 41 50
2011 12 57 69
2012 10 21 31
2013 15 21 35
2014 21 30 51
2015 23 60 83
2016 25 173 198
+A 296%
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Ciclados mensuales de Guacolda (carbon)
periodo 2010-2016

Promedio anual por unidad
on-off Rampas Total ciclados
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Ciclados en las centrales termoeléctricas implican costos
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N. Kumar, P. Besuner, S. Lefton, D. Agan, y D. Hilleman, 2012, Power Plant Cycling Costs, National
Renewable Energy Laboratory (NREL).



Principios de una regulacion costo eficiente:
1. Reconocer los costos involucrados con la nueva operacion flexible

2.1 Overview of integration costs

Typically, three components are discussed under the term

"integration costs" (Figure 8):

— 1. Grid cost: Costs to bring the electricity to where it is
demanded
~ 2. Balancing cost: Cost to offset differences between

actual production and forecasts

The electricity market has appreciably
changed over the past decade, especially
with the introduction of large amounts of
non-dispatchable wind and solar power in
some regional markets. Cycling a plant may
be required for numerous business reasons
and is not necessarily a bad practice;
however it does increase maintenance costs
and forced outages.

— 3. Costs (or benefits) from interaction with other power
plants, most significantly, the increase in the specific
generation costs of other power plants due to the
reduction of their full load hours®

N. Kumar, P. Besuner, S. Lefton, D. Agan, y D. Hilleman,
2012, Power Plant Cycling Costs, National Renewable
Energy Laboratory (NREL).

Agora Energiewende, 2015, The Integration Cost of Wind and
Solar Power. An Overview of the Debate on the Effects of
Adding Wind and Solar Photovoltaic into Power Systems,
Berlin, Alemania.
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assessing Costs
Adding variable renewable generation to an electricity
system creates a range of impacts, both costs and benefits.
In fact, all forms of electricity generation affect the system
to which they are connected. Any additional system costs
created by a particular generator or technology type must be
bome regardless of whether those costs are attributed to the
generator or not.

P. Heptonstall, R. Gross y F. Steiner, febrero 2017, The
costs and impacts of intermittency — 2016 update, UK
Energy Research Centre. 13



Principios de una regulacion costo eficiente:
1. Reconocer los costos involucrados con la nueva operacion flexible

> El Coordinador debe actualizar el modelamiento de los O&M

The thermal plants operation costs to be considered in unit commitment problems (including the
abovementioned impacts) can be conceptually framed within three main factors, namely:

* Fuel start-up costs (fuel needed to raise the boiler to its minimum operating temperature prior to
producing electricity);

* Energy production costs as a function of the incremental heat rate curve (that 1s, a curve talking mto
account the efficiency-loss costs due to suboptimal operation regime);

* O&M costs (reflected in a Long-Term Service Agreement), which as later discussed can be modelled
as a function of the operating regime (in particular, as a function of the number of firing hours and the

number of starts).

These three sources of cost have traditionally been represented with an uneven level of detail in unit
commitment optimization models. While the first two sources have been considered up to a sufficient
level of detail, see for example Baldick (1995), Rerr et al. (1966), Wood and Wollenberg (1996), the
third one, the cost impact of O&M contracts, has been neglected or at the most modelled in a quite
simplified way (In general, by including either an energy or a per-firing hour cost adder component, that

1s an additional expenditure on per megawatt-hour or per-hour produced basis). This simplified
volumetric allocation of O&M costs assumes a very low-cycling regime (1.e. a base-load one), however,

when adding a significant amount of VER, this low-cycling regime assumption no longer holds and

needs to be revisited.

P. Rodilla, S. Cerisola* y C. Batlle, 2012, Modelling the major overhault cost of gas-fired plants in
the unit commitment problem, Submitted to IEEE Transactions on Power System.



Principios de una regulacion costo eficiente:
1. Reconocer los costos involucrados con la nueva operacion flexible

Herramientas para la integracion de ERVs
1. Mercado/despacho diario vinculante

«Calculo correcto del precio marginal
_Internalizacion de todas las restricciones del

despacho

C. Batlle, julio de 2017, Market Design for a Large Share of Variable Renewable Energy in
the Chilean National Electricity System, Buenas practicas de la experiencia internacional,
Santiago de Chile.
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Principios de una regulacion costo eficiente:
2. Quien provoca la externalidad debe hacerse cargo de los costos

The FiTs and other low-carbon CfDs should be gradually phased out, and merged into a unified

equivalent firm power (EFP) capacity auction. The costs of intermittency will then rest with those who

cause them, and there will be a major incentive for the intermittent generators to contract with and

invest in the demand side, storage and back-up plants. The balancing and flexibility of markets should

be significantly encouraged.

Dieter Helm, profesor Universidad de Oxford, octubre 2017, Cost of Energy Review, Inglaterra.
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