A few slides about me,
my research, and of course,
about my cat
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Distribution
systems
reliability

* How to measure the
reliability of the grids?

* How to increase it?

* How much are we willing
to pay to increase it?
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How to measure

reliability?

Network topology -

Maodel for optimal

Dievices costs -
= kocation of fuses and

>
>

Grid parameters reclosers

Reliabsdity metrics -

Diowvices |location

>
»

System costs

Generic scheme of Optimal Protections Model (OPM)

Reliability indices are defined in common standards.
(IEEE; NERC)

Load (generation) growth uncertainty.
Outages of electrical devices are not deterministic.

Poor data.
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How to Increase
the reliability?

e Can we locate protective devices to isolate

faults?

e Which devices and where?




How much are we o otoctive dev |
* Protective devices are expensive.

W|| |ng tO an tO * The rate of reliability improvement when adding
. : . ? additional devices tends to decrease.
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Proposal

A mixed-integer linear program
model for the simultaneous
selection, localization, and
coordination of protective
devices (reclosers and fuses),
considering the fuses’ rescue
schemes based on electrical
criteria. Local reliability indices
and economic penalties for
violating minimum standards
are integrated into the model,
thereby providing new
decision-making elements.

10.1049/gtd2.12211

Electrical parameters

and operational System topology

conditions

L

Electncal model

|

Economical information

>

Refsabilty requirements j

Main resulits

Reliability information

|

Rehability model

|

Model for simultaneous
location and coordination of
protective devices


https://ietresearch.onlinelibrary.wiley.com/doi/full/10.1049/gtd2.12211
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Decarbonization path in California

NOTE: Numerical values
indicate assumed flow
limit in direction of

7,433 arrow

2,200. 330 330

&
4,318

Transmission topology used in RESOLVE.
Source: IRP 2019-2020

1Retail sales estimation for PLEXOS based on IRP 2019-2020.
2 California considers BANC, CAISO, IID, LDWP, and

CAISO_NW_Hydro zones defined on IRP 2020. SW and NW are not
considered part of California.
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Renewable Portfolio Standard is defined on SB 100 with the following targets?! of retail
sales per year: 44 % in 2024, 52 % in 2027, and 60 % in 2030. Finally, a 100% renewable

energy requirement is defined for 2045.



enewable integration challenges in Peru

Voltage (kV)

M 220
M 500

©2021 Mapbox © OpenStreethap

Average monthly Generation per Type (MW)

2020
sep oct nov

6K

5K
S
S
Z 3K

2K

Center

South

oK J— . pgres Y
hours

Solar

= Wind
Biomass
Residual
RoR

I Reservoir

[ Diesel

¥ Gas

B Coal

Total installed capacity in Peruvian system (2021)

2% 3% 1q;

12,501 MW

Historical monthly generation

2018 2019 2020

4500 . L]

l l..ll. n
f

,m = a5
2 2 i 2 2

3 5

4000

3500

57
< =

Generation (GWh/menth)
n ™ w
(=] v (=]
e =} 153
o o (=]

[
w
(=
S

=
=]
(=]
=1

5

[=]
S

2 3
&

=]

Sep

ey
2 g o 2



Marginal cost per unit of energy

Energy and capacity markets

Electricity demand

Marginal plant

Cross-Border Trade in Electricity and the Development of Renewables-Based

Electricity price A Gas
\ power
plants
oil
o
Plant Profits coal || POWer
plants
power
plants
CHP
Nuclear power
Wind, solar and hydroelectric power plants plants
Volume

Electric Power: Lessons from Europe. DOI: 10.1787/5k4869cdwnzr-en

https://www.texasmonthly.com/news-politics/texas-
electric-grid-failure-warm-up/



Different approaches to quantify the contribution

to system reliability

Regulators, system operators, and utilities need to understand future reliability challenges in order to define
the right market signals to create the conditions to deploy the infrastructure needed.

MISO's
Renewable Integration
Impact Assessment

rategia de flexibilidad para el
sistema eléctrico nacional

The structure of power systems
is changing
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How can capacity contributions to the
system reliability be quantified?

One approach is to use the
Effective Load Carrying Capability (ELCC)



How much
capacity do we
need?
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* What scenarios are we going to consider?

 How do we account for the capacity
contribution?

* How do we distribute the payments in a highly
related system?
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https://www.nyiso.com/documents/20142/24172725/NYISO%20EL

CC_210820_August%2030%20Presentation.pdf
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Base Case
0.11 days/year

Base Case
0.11 days/year

Base Case
0.11 days/year

Final Case
0.1 days/year

https://energia.gob.cl/sites/default/files/documentos/informe_
final_- determinacion_psuf via_elcc_y ecp_-_isci.pdf



Next?

* Portfolio decision analysis applied
to the energy sector.

* Mitigation of financial risks in
PPAs.

 Efficient energy policy design.

* Sauna, kahvit ja pullat!




| am happy to
collaborate!

e joaquin.delabarra@aalto.fi
* Room Y223
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Thanks for your attention!



