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* Flexibility needs in Chilean system
* New balancing ancillary services (AS)

— Inertial response
— Rapid frequency control
— Flexible ramping product

* A framework for conceptualizing new AS
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Wind capacity additions in Chilean system: Historic vs CNE projections

Installed capacity [MW]

1800

1600

600

400

200

CNE 2017 CNE Projection

AL

CNE 2014

CNE 2016
CNE 2011

CNE 2010 E 2015

CNE 2008

CNE 2007

................................................................................................................ CNEzmsEGS-DIE/AcgE-UTFSM

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 201% 2020 2021 2022 2023 2024 2025

Year

B REAL

I CNE 2006
I CNE 2007
I CNE 2008
M CNE 2009
M CNE 2010
B CNE 2011
B CNE 2012
B CNE 2013
B CNE 2014
B CNE 2015
B CNE 2016
B CNE 2017



Solar power in Chile: Historic vs projections

AC
Solar capacity additions in Chilean system: Historic vs CNE projections
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Annual PV additions: historic data vs IEA WEO predictions

In GW of added capacity per vear - source International Energy Agency - World Energy Outlook
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Meantime, for electric vehicles...

AC

Everyone is revising their electric vehicle projections upward

Growing Expectations
OPEC's electric vehicle forecast grew by almost 500% last year

2015 Forecast [ 2016 Forecast
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Projection of impact of new technologies in Chile

. Eﬂﬁ?’*gynetmnm Pnetmam Rﬂ?npmamu R(Impmar own D,ax
Year | Scenario [ TWh] I (GW] MW/ min]p MW/ mfn] Dmin
Base 154.3 19.9 16.4 18.0 1.29
EV-low DG-low 164.5 22.2 40.6 20.4 1.31
o EV-low DG-high 148.9 22.2 45.0 34.7 1.54
S | EV-med DG-low ) 94.0 73.8 1.49
EV-med DG-high 98.4 88.1 1.74
EV-high DG-low 1.71
EV-high DG-high 1.99 73
Base : E
EV-low DG-low - —= 1= - —— '
- EV-low DG-high 35% more 57% mf)re 1 Ra.mplng U.n!ts at
2 | EVomed DGlow | Lenerey | | capaciy requirements |, | minimum
EV-med DG-high 116.2 16.5 many times! -
EV-high DG-low 128.3 17.2 Lo e 1.30
EV-high DG-high 119.9 17.2 31.9 21.3 1.39

Summary of projections for energy, max. annual load, and ramping needs for the Chilean SEN in 2035 y 2050, for

different technology development scenarios. [Source: working paper V. Ruiz]
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Storage needs in 2050

e Co-optimization of
transmission, generation, DG high e
and storage investments
suggests a sizable amount
of storage for 2050 in Chile

EV-high -
DG-low

How to incentivize
investments?

EV-med
DG-high

Transmission
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[Source: working paper V. Ruiz]



| Balancing needs
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o Balancing needs: Inertial response
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* |[nverter-connected generators
— Low inertia

— Low-inertia generators are displacing conventional
generators in the unit commitment

— They are also displacing generators that can provide
primary frequency control



Inertia v/s RES penetration

Scenario E2
RES: 1694 MW installed, 23% generation
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[Source: working paper M. Brito]
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Additional units committed

Additional units committed
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How to provide/emulate inertial response

* Technologies that can provide it

— Flywheels _
Who can provide

these services at
lower cost?

— Synchronous condensers
— Synthetic inertia

* From wind farms
* From BESS & supercapacitors

* But... What are the incentives to
provide these services?

EGS-DIE/AC3E-UTFSM 16
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Pl Balancing needs: Rapid Frequency Control
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Frequency control reserves

Efficiency in providing frequency control services
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How to provide RFC

* Technologies that can provide it Who can provide
— Bulk-energy storage these services at
— Distributed storage lower cost?

— Frequency-responsive demand response

* But...
What are the incentives to
provide these services?

EGS-DIE/AC3E-UTFSM 20
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N\ Ramping needs
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The case for a separate ramping market
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e Units dispatched
out of merit due
to ramping
constraint

e Should all the
energy be paid at
90 S/MWh?

e Orshould the
unbalance be
paid separately?
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Ramping needs

Net system demand = load + export — import - internal self-schedules - supply deviations
 Two sources of

t Net system demand -Upper limit
""" Forecasted ramping needs:

: — Programmed
Real upward || variability
ramp need at t .

o — Uncertainty

Real downward ||~ S W Net system demand at t ]
ramp need at t j‘ T T -~ Lower limit e Variable RES

t (binding interval) t+5 (advisory interval)  Time

* OQutages

Real ramping need:
Potential net demand change from interval t to interval t+5

(net system demand t+5— net system demand t)

[Source: CAISO]
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Net Load [MW]
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Marginal Cost [USD/MWh]

Operation of a FRP in the SING
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Solutions need to tackle different aspects

Hardware Software Orgware
e New technologies e Monitoring, control, e Regulation
decision-making e Incentives for creating

e New applications of
existing technology e Skills and knowledge for and using the technology

handling technology

ANCILLARY SERVICES

EGS-DIE/AC3E-UTFSM 29
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Information and communication technology

Power electronics

Renewable and distributed generation
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How to monitor and control all the
different resources?

Handling big data

Estimation of balancing requirements

How much is needed?

More complex decision models

Hierarchical decision making or co-
optimization?

Need to internalize risk

Modeling of many different technologies

Bigger optimization problems
— Need for more granularity
— Need for parallelization

New decision variables
— Emerging technologies
— Consumer-driven decision variables

More complex objective functions
— Multiple objectives
— Stochastic optimization

More complicated constraints

— Network constraints
— AC.instead of DC OPF?



Ancillary
services




 We are quite bad at predicting technology
development

* All the drivers (costs, environmental concern,
societal pressure, changes in consumer roles) point
in the same direction

— Disruptives technologies such as wind & solar power and
EVs will likely be adopted faster than projected today



Changes not only in energy consumption, but in capacity and
flexibility requirements

Increasing penetration of inverter-connected generators calls
for procuring more inertia and providing faster frequency
control

It is a good idea to decouple the energy and flexibility markets

Solutions require not only the technology, but also the
software and regulatory framework to work
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