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PSR

PSR integra estudos de consultoria,
desenvolvimento de ferramentas
avancadas de otimizacao e pesquisa
de novas metodologias para
sistemas de energia

Temos uma equipe de 100 pessoas
formadas em otimizacao, sistemas de
energia, estatistica e ciéncia da
computacao e de dados

Trabalhamos em mais de 70 paises
em todos os continentes




A PSR integra estudos, ferramentas analiticas e inovacao
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Inovacao

Ferramentas Analiticas
Planejamento energético

Simulacao probabilistica horaria
Otimizacao de portfolios fisico-financeiros

Consultoria

Avaliacao e desenho de mercados
“Valuation” econdmico-financeira
Estudos de planejamento e operacao

Inovacao

Projetos de P&D

Ensino e pesquisa académica
Arquiteturas computacionais avangadas




A PSR atua em mais de setenta paises de todos os continentes
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New Zealand
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Lideranca global no desenvolvimento de metodologias e ferramentas
analiticas avancadas

Arquitetura baseada em nuvem, softwares open source
Big data (MongoDB, S3, Spark) +
Linguagem de programacao (Julia / JuMP)

Programacao estocastica multi-estagio
Integrada com estatistica + métodos de equilibrio + MILP
Ambiente de processamento paralelo
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Base de clientes diversificada (amostra)

Investidores: EdF international, Statkraft, Brookfield, BP, Shell, Equinor, CTG, Neoenergia (Endesa), CPFL (Stategrid).

Associacoes do setor elétrico brasileiro: ABRADEE (Distribuicdo), APINE (Geracdo), ABRACEEL (Comercializacdo), ABEEOLICA (Geracao
Edlica).

Fundos globais: Blackstone, BlackRock, Carlyle Group, Lone Star, GEF.

Organizacoes multilaterais: World Bank, Inter-American Development Bank (IDB), Organizacion Latinoamericana de Energia (OLADE),
International Renewable Energy Agency (IRENA), Agéncia Alema de Desenvolvimento (GiZ).

Agéncias de financiamiento privadas/multilaterais: International Finance Corporation (IFC).

Organizacoes de Planejamento Regional: Western Electricity Coordinating Council (WECC), Northwest Power Planning Council (NWPCC),
Comisién de Integracion Energética Regional (CIER), Ente Operador Regional (EOR).

Ministérios de Economia e Energia, além de agéncias de planejamento e regulatérias: Brasil, Colombia, Egito, México, Marrocos, Peru,
Vietnam.

Operadores do sistema (ISOs/TSOs), Mercados Atacadistas de Energia e utilities publicas e privadas (geracao, transmissao e distribuicao)
em dezenas de paises em todo o mundo.

Empresas de consultoria: Deloitte, IHS CERA, FTI Consulting.

Organiza¢oes Nao-Governamentais: The Nature Conservancy (TNC).
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Além de uma qualificada equipe com formac¢ao avancada em engenharia, otimizacao,
regulacao, economia, sistemas de energia e Tl / ciéncia de dados
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Market Power Issues
Dispatch

Bid-Based Hydrothermal

A PSR e 0 PESC: longos e fortes lacos!
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1. INTRODUCTION

HE objective of 4 hydroth

fem consists in determining the optimal operating policy
for the use of a system’s generation resources in order 1o
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10 generate distorted cuts for the problem.
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Bid-Based Dispatch of Hydrothermal Systems
in Competitive Markets

Nash Equilibrium in Strategic Bidding:
A Binary Expansion Approach
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Abstract—This paper presents a mixed nesr progracs-
ming solution approach for the equilibrium problem wit
librium constraints (EPEC) problem of finding the Nash «,umh
rium (NE) in strategic hid short-term electri
A binary expansion (BE) scheme is
linear, nonconvex, NE problem into a mixed
(MILP), which can be solved by commercially available compu-

=

tational systems. The BE scheme can be applicable to Cournot,
Bertrand, or

nt price/quantity bidding models. The approach
case studies with configurations derived from the
ing unit-commitment decisions to

¢ market, game theory, market
teger linear programming (MILP), Nash equi-

Index Terms
models, mixed:
librium (NE).

L. INTRODUCTION

NE of the key components in liberalized power sectors [1]
O is the short-term electricity market, where hourly energy
prices are set as follows: 1) at the end of each d
and loads bid hourly prices and quantities for the next 24 h
an economic dispatch is then simulated for each hour, where
clearing price is adjusted until the total energy generated equals
the total energy consumed; and 3) the final clearing price, or spot
price. is used to remunerate/charge all energy sales/purchases.

‘The existence of a bid-based market poses complex challenges

. generators

The objective of NE is to find a set of bids with the fol-
lowing property: no agent can individually improve its revenues
by modifying its bid. if the remaining agents offer the equi

rium bids. If the usual game-theoretical assumptions are met
tional behavior. complete and perfect information) and there is
only one solution to the NE conditions. then agents would be
expected to offer these equilibrium bids. Although real-life bid-
ding conditions are unlikely to fully match those theoretical as-
sumptions. the NE approach remains a powerful tool, both for
devising bidding strategies and for simulating the effect of coun-
termeasures for market power mitigation

The objective of this paper is to present a solution scheme
for the calculation of Nash equilibria in bid-based electricity
markets. As it will be shown. the NE conditions correspond
10 finding a feasible solution 1o a set of 1 constraints, where
1is the number of strategic bidding agents (those that can in-
fluence the market prices with their bids. or “price makers”).
The major difficulty is that the right-hand side of each con-
strainti = 1,....Lis a nonlinear, nonconvex optimization sub-
problem, where agent i determines its maximum-revenue bids,
given assumptions about all the other agents” bids.

Most proposed solution approaches to the NE problem use
cither 1) an iterative scheme [S]. [6]: successively “freeze” the
bids of all agents but one. solve the revenue maximization for
this remaining agent, and repeat the iterative process until there

MARCIA H.C. FAMPA fampa@cos.ufrj.br
Dpto Ciéncia da Computagdo, Inst. Matemdtica UFRJ, Av. Brig. Trompowsky s/n, Rio de Janeiro-RJ,
razi

Abstract. The objective of this work is to investigate possible hydro-scheduling inefficiencies under a bid-
ding scheme. It will be shown that the mark d dispateh of hydro-plants, under a perfect

market, converges 10 its least-cost dispatch. Besides, it will be shown that the usual spof payment scheme
does not provide the correct incentive for upstream reservoirs to regulate downstream production, thus caus-
ing an operating distortion. The implementation of a Wholesale Water Market is proposed for trading stored
water and 5o o correct such distortion. Case studies will be presented, with data taken from the Brazilian
System.

Keywords: bid-based dispatch, hydrothermal scheduling. stochastic optimization, power system eco-
nomics, Wholesale Water Market

Introduction

The introduction of competitive markets, in most sections of the economy. aims to im-
prove the quality of the products and services traded. through the incentive for competi-
tion among the participating agents. This issue has been observed in a sector of utmost

importance for the economy:

he power sector. Several countries have been restructuring

their electric power sector. attempting to make them more efficient by the introduction
of competition
A basic trend in this restructuring process has been the replacement of traditional

mong its agents.

expansion planning and operation procedures, based on centralized optimization. by
2 L "
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Para o futuro: a agenda climatica entrou na pauta da energia

THE PRELIMINARY

Como podemos aproveitar a crise atual para
evitar riscos climaticos adicionais e qual
pegada de carbono podemos nos permitir
durante e apds a recuperacao?

Economist.com » Kal
A recuperagcao econdmica tera muitas iniciativas - e metas - de sustentabilidade

A energia renovavel passou a ser diferencial competitivo




Estratégia basica dos “green deals”: eletrificacao (renovavel) da economia

35 33 Gtin 2050
Buildings Electrification
30
Buildings tm%;phiarghavr}:lji'f: Renewable
Transport 36% energy and
s |95 electrification
= . deliver 75%
o) 710% .
S Transport ' eduft?;ﬁ:mn N of emission
O \ enargy: ducti
o 20 resulting 399, reauctions
2 District Heat from the J
g REmap Case
7] 15 Energy
ON elﬁu:ieru:y__
O Power an:;- Et;;r:..
10 A
REmap Case: 9.8 Gtin 2050
5
Industry
0
2010 2015 2020 2025 2030 2035 2040 2045 2050

Fonte: Irena, 2019
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Isto vem sendo impulsionada por avanc¢os tecnolégicos, como a geracao distribuida

IKEA home solar panels and battery storage

Building details

1. Zoom in and point to the corners of the sunny side of your roof

Mapa Satélite

¢4 solarcentury

= |3

Your estimate

1. Size
21.0m2 (3)

2. Orientation
3. Pitch
4. Time of day use

5. Access

Your results

The table shows your savings and cost. This is very much an estimate at this stage. You can receive a much

more accurate assessment of solar for your home by requesting a quote. Check the assumptions.

- e -
S el L = anll L
Option 'Z' Rooftop Rooftop PLUS Built-in PLUS
No. of panels ® 12 12 13
Y Canadian Solar JA Solar Sunstation
Panel @)
. 270W 280w 270W
Include battery storage ® No | J Yes
Year one savings ® £339 £348 £359
Savings over 20 years ‘J £10,038 £10,288 £10,591
Cost of system ® £4,848 £5,325 £6,500

Annual PV additions: historic data vs IEA WEO predictions

In GW

70

60

50

40

30

of added capacity per year - sources World Energy Outlook and PVMA

e PV History
—— WEO 2016 New Policies
WEO 2016 Current Policies
— WEO 2014
—— WEO 2013
— WEO 2012
- WEO 2011
— WEO 2010
—— WEO 2009
WEO 2008

‘WEO 2006
— WEO 2004
— WEO 2002

2000

2010 2020 2030

Pequena barreira de entrada,
competitividade e rapido
desenvolvimento tém gerado

crescimento exponencial, levando o
mercado livre a quem ainda nao é livre




E novos modelos tarifarios “engajam” o consumidor

Energy Monitor

Take control of your energy bills

» After you've compared energy deals, we'll keep an eye on prices*
» We'll let you know when it's time to switch and save. Again and again
» Another way we're helping you save a lot by doing very little

| Find out more |

FIXED PRICE

CHEAPEST

DISCOUNT OFF TARIFF PEAK & OFF-PEAK

Gas & Electricity

Find the right deal and never
overpay again

NO
CONTRACT

6 MONTHS

2 YEARS

3 YEARS

v

& PacificLight

CHEAPEST
PEAK RATE

6 MONTHS  sunseap [T Electric

av .

5 DISCOUNT
fswitch® 1YEAR

= sembcorp \Union
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& PacificLight

(Union §sunseap
;§ sembcorp

(Union 2 YEARS
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&
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Find out which plan would best suit your electricity needs... O SeedlyReads

Showing New York. @ Change Region & Login . Contact Direct Energy

RESIDENTIAL BUSINESS LEARNING CENTER

GET$320IN AMAZON.COM

GIFT CARDS’

== Direct Energy MY ACCOUNT

Electricity + $320 in Amazon.com
Gift Cards

Get $320 in Amazon.com Gift Cards when you sign up for one of our most popular plans.

‘ View Plans ‘




... que busca energia renovavel por diversos objetivos

Motivacao carbono/ambiental/social

Motivacao economica

_

w ll\}
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.
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T

“estilo de vida”/status




As renovaveis impactam nos sistemas elétricos (nos preco horarios, por exemplo)...

Matriz de oferta em 2019 (GW) Too Much of a Good Thing
CAISO solar generation and day-ahead energy prices on February 28, 2021
Gas natural | /0 %’V
Hidroelétrica || 14
Solar |GG 11
Eolica | 6
Geotérmica [} 3
Nuclear [l 2 78 GW instalados
Biomassa [ 1 34% edlica + solar

Heliotérmica ] 1

+ i Solar erodes midday power 10
prices--and thus much of its
own value to the grid.

0 ‘ \
12AM 3AM 3PM 6PM 9PM
Data source: CAISO Note: Showing CAISO SP15 wholesale prices

Solar distribuida ~10 GW em 2021




Conflitos pelo uso da agua se espalham
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Montana to NW

Where More Is Not Merrier: The Battle Between Wind

and Water in the Pacific Northwest

Bonneville Power calls for first wind
shutdown of the season

]
W Tweet i Recommend Share ’-,“ +1 mail L RSS > Comments

Bonneville Power Administration ordered the temporary
shutdown of wind farms in its system for a few hours
early Sunday morning and again early Monday
morning, marking the first time this year that the
controversial practice has been tapped

Enlarge Image

Bonneville calls for wind “curtailment” when periods of
low electricity demand coincides with periods of strong
wind and high water, which put more power on the grid
than the system needs

In all 10,100 megawatt hours of wind energy was
curtailed over the two-day. Under new protocol filed by
BPA to the Federal Energy Regulatory Commission With high-water season back, Bonneville Power
this year, the wind energy operators will receive some e el o
compensation for the lost generation revenue

weekend, requiring wind energy operators to power
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Conflitos no uso da agua

(verte vento vs. verte agua vs. salva o salmao)

Finance & Rates Involvement & Outreach Doing Business

Search News Articles. Search

Newsroom

Flexible spill agreement aims to benefit
salmon and hydropower

Federal, State and Tribal partners have come together to develop an
agreement on a key component of operating federal dams in the Columbia
River Basin. Parties to the agreement have aligned on a flexible spring spill
operation premised on achieving improved salmon survival while also managing
costs in hydropower generation. Key supporters of the agreement are jointly
issuing this statement:

“Collaboration is key to this new approach to Columbia River system
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Mudanca climatica afeta os precos de energia...

» Maior volatilidade de médio prazo, cuja magnitude depende da combinacao da severidade do El Nifio com efeitos do mix de
geracao (como indisponibilidade do gas) e de eventos pontuais, como a recente indisponibilidade de uma grande hidroelétrica
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Otimizacao e energia: a complexidade da tomada de decisao aumentou

Problemas tipicos de energia:

|

>

Problema Geral de Planejamento Energético

Problema de Operacédo: Despacho e Fluxo de Potencia Otimo
Problema de Tarifacao e Custos Marginais da Transmissao
Problema de Planejamento da Distribuicao

Tarifacao e Custos Marginais

Problemas de Mercado e de Comercializacao

Gestao de risco e otimizacao de portifélios

Teoria dos Jogos

Tipicos novos problemas de energia:

|

|

|

Resiliéncia climatica (mitigacao/adaptacao)
Representacao de novas incertezas
Tomada de decisao em novas tecnologias
Acbes pelo lado do consumidor

Integracdao entre métodos de otimizacao

formais com inteligéncia artificial




A maior licao para otimizadores: é fundamental especificar bem o problema a resolver
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Em resumo...

» A PSR ilustra os beneficios de uma parceria entre universidade e industria; somos
muito gratos a tod@s os professores e colegas do PESC

» Estes beneficios sé devem aumentar, pois o ativo mais valioso para as empresas sera a
capacidade analitica e de inovacao das pessoas

» A otimizacdao, computacao de alto desempenho e data science, que estao no nucleo
do PESC, estao entre os instrumentos mais importantes para estas inovacoes
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