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Introduction

* A growing share of variable renewable energy on most countries in
the world demands for a more flexible power system

* Demand response is one of the main sources of flexibility, and
according to IEA, is the most promising one

* The objective of this article is to examine some of the main challenges
and opportunities for enabling demand response programs, taking
some lessons from the international experience. An additional effort
is to focus on Brazilian case
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* Variable renewable energy insertion on power systems may impose several
operational challenges (which may be seeing as additional incentive for demand
response development)

A Brazilian wind plant intermittent profile. Days: 09/01/2015 and 20/01/2015.
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* Demand response can postpone or even prevent further investments
on grid

Investment scenarios for grids reinforcement in Great Britain.

_ Without DR programs With DR programs

Penetration Level Total Investment (£bn) Total Investment (£bn)
10% 5.1 2.2
25% 13.0 4.7
50% 25.5 11.1
75% 33.8 18.7
100% 38.8 22.2

Source: G Strbac et al (2010) EEIC | CIEE 2016 Lisboa Portugal
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* On the regulatory side, lack of incentives to its implementation can become a
barrier if a cost-benefit analysis results in a small margin

* Another difficulty can arise from a regulatory framework that does not provide
clear incentives and/or a proper remuneration for the services provided by
consumers engaged in DR programs

 Another important issue is the egg-chicken question related to the smart meters

* |t was found that technological requirements of demand response might be a
great obstacle, as observed in some of the European countries cost-benefit
analysis and in the Brazilian case
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Source: EC SWD (2014)
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Summary of costs against benefits in countries in the European Union.
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* Transmission GRID extension: X

Boa Vista;

 119.426 KM in 2014
e 195.154 KM expected in 2024

* The great wind potential in
Brazilian northeast region brings
some challenges

e Estimated Investments N
transmission grid expansion in
the order of RS 108 bi between
2015 e 2024

Source: EPE EEIC | CIEE 2016 Lisboa Portugal
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Non conventional renewable sources installed capacity increase (MW)
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Installed Capacity evolution by source — 2014 e 2024
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* Albeit relevant, the enhancement of the grid, specially when aiming
to increase energy interchange between different regions, is not
enough to deal with the foreseen challenge;

* Controllable electricity generating centers are needed;

* In the long term, storage might become an alternative to deal with
the raising share of intermittent and stochastic supply of new
electricity generating sources in the Brazilian matrix. Still, economic
and technical uncertainties are present in this technology nowadays;

* What about demand side flexibility?

10
EEIC | CIEE 2016 Lisboa Portugal



GESEL Horoseasonal Tariff

UFRJ

* In 1988, Brazil initiated the application of demand reaction programs based on
time of use tariffs (TOU), with the creation of time-of-day/seasonal
(horoseasonal) tariffs

 Even though the intermittency and stochastic factors were not the addressed
problems in 1988, the hourly fee represented a first step in the way of a more
dynamic tariff

Typical A2 (138 KV) consumer profile @
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* The White Tariff is a kind of Time of Use tariff, designed to be applied
to the lower tension consumers

* The adherence is facultative, and it communicates consumers about

the electric energy price according to the day and hour of
consumption

* The White Tariff can be seen as a first reaction to the forecasted and
lately established new scenario, with loss of regulation capacity
through reservoirs management and a more significant role of
renewable, intermittent and stochastic, sources of electricity
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White Tariff Directives
DIAS UTEIS SABADOS, DOMINGOS E FERIADOS
= ==
s S
= =
& [
= =
= Tarifa Convencional (atual) = Tarifa Convencional (atual)
= =
Tarifa Branca Tarifa Branca
1 2 3 4 5 & 7 B 2 101112 1314 15 1&17 18 19 20 21 22 23 24 1 2 3F 45 66 7 8 9 101112 1314 151617 18 19 20 21 22 23 24
Horas do dia Horas do dia

Tarifa Branca

fora ponta [intermediaria INNPGREIN]

Source: ANEEL EEIC | CIEE 2016 Lisboa Portugal



— Tariff Flags System

UFRJ

* The most recent Brazilian experience with demand response is the Tariff Flags
System, and it was created in order to mitigate the risks associated do the hydro
crisis Brazil is facing

 The Tariff Flags aim to signalize consumers about the real power generation
conditions, which is dependent on hydrological conditions and the need to
dispatch thermal plants

* The Tariff Flags System is applied by all distribution companies connected to the
National Integrated System

* This system can be seen as a strong reaction to a very adverse conjectural
problem

14
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 The evolution of the electricity generating park in Brazil will require greater
flexibility of the system;

Demand side policy must be considered as an important alternative;

The Brazilian Demand Response experiences are incipient only;

The tariff flags system is not a genuine demand response program;

Demand response is focused on great consumers;

The White Tariff is unable to be implemented in face of an inexistent smart
meter rollout;

There are uncertainties about the price-elasticity of the demand from residential
consumers of electricity

15
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Thank you

EEIC | CIEE 2016 Lisboa Portugal

16



GES Bibliographic References

Grupo de Estudos do Setor

UFRJ

» Agéncia Nacional De Energia Elétrica — ANEEL “Resolu¢cdo Normativa n® 502/2012"” Available at: <
http://www.aneel.gov.br/cedoc/ren2012502.pdf> Accessed at: 27/12/2015

* Agéncia Nacional De Energia Elétrica - ANEEL. Procedimentos de Regulacao Tarifaria, submddulo
7.1: Procedimentos Gerais, de 15 de novembro de 2015.

* Ambec & Crampes. (2015) Decarbonizing electricity generation with intermittent sources of
energy. Toulouse School of Economics Working Paper n2 603.

* ANEEL. (2010). Nota Técnica n? 362/2010-SRE-SRD/ANEEL, de 06 de dezembro de 2010.

* ANEEL. (2014). Resolucdo Normativa N2 502/2014. Regulamenta sistemas de medicdo de energia
elétrica de unidades consumidoras do Grupo B.

* ANEEL. (2015). Nota Técnica n? 355/2015-SGT/ANEEL, de 23 de dezembro de 2015.

e BRASIL. (2015). Ministério de Minas e Energia. Empresa de Pesquisa Energética. Plano Decenal de
Expansdo de Energia 2024. Brasilia: MME/EPE.

e Cambridge Economic Policy Associates Ltd, Tpa Solutions & Imperial College London. (2014).
Demand Side Flexibility: The Potential Benefits and State Of Play in the European Union. Final
Report for ACER, Final Version.



GES Bibliographic References

Grupo de Estudos do Setor

UFRJ

Castro, N. J. d. et al. (2010). Consideracdes sobre a Ampliacdo da Geracao Complementar ao
Parque Hidrico Brasileiro. Rio de Janeiro: UFRJ/IE/GESEL, Textos de Discussdao do Setor Elétrico n
15.

Castro, N. J. d. et al. (2014). A Formacao do preco da energia Elétrica: Experiéncias internacionais
e o modelo brasileiro. Rio de Janeiro: UFRJ/IE/GESEL, Textos de Discussdao do Setor Elétrico n 62.

Castro, N; Brandao, R. (2015). Modelo de Comercializacao de Energia: Reflexdes para
Aperfeicoamentos. Rio de Janeiro: UFRJ/IE/GESEL, Relatério Técnico.

EC SWD. (2014). 189 Cost-benefit analyses & state of play of smart metering deployment in the
EU-27. Retrieved from:
http://eurlex.europa.eu/legalcontent/EN/TXT/?qid=1403084595595&uri=SWD:2014:189:FIN

G Strbac et al. (2010). Benefits of Advanced Smart Metering for Demand Response based Control
of Distribution Networks. Summary Report 2.0. Imperial College London. (pp. 37)

Hurley, Doug; Peterson, Paul; Whited, Melissa. (2013). Demand Response as a Power System
Resource: Program Designs, Performance and Lessons Learned in the United States. Brussels: Rap
Publications.



GES Bibliographic References

Grupo de Estudos do Setor

UFRJ

MIT (Massachusetts Institute of Technology) (2011), “The Future of the Electric Grid”. Retrieved
from: http://mitei.mit.edu/system/files/Electric_Grid_Full_Report.pdf.

ONS — Operadora Nacional do Sistema. (2015). Francisco José Arteiro de Oliveira’s Power Point
Presentation. Francisco José Arteiro de Oliveira is Planning and Operation Scheduling Director in
ONS.

Poudineh & Jamasb. (2013) Distributed Generation, Storage, Demand Response, and Energy
Efficiency as Alternatives to Grid Capacity Enhancement. Cambridge Working Paper in Economics
n2 1356.

Sheikhi Fini, A., Parsa Moghaddam, M., And Sheikh-El-Eslami, M.K. (2013). An investigation on the
impacts of regulatory support schemes on distributed energy resource expansion planning.
Renewable Energy. n2 53

Varian, Hal R. (1996). Microeconomia: principios basicos. (52ed.). Rio de Janeiro: Campus

EEIC | CIEE 2016 Lisboa Portugal 19



