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In countries that most of the electricity is generated by hydro
plants, hydrological uncertainty is a relevant issue

Future water storage depends on present storage, future
water inflow and the decision about how much
thermoelectricity could be substituted by hydroelectricity
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Centralized dispatch

In order to take advantage of hydrological diversity, energy __ | N
is transported through long distances "
St NE
Power plants in the same river basin are own by different
companies |
Y.__seico
Power plants share a generation pool. Energy allocated to r’g\ “f""‘-‘ 4
each plant is proportional do the “reliable energy” (delta Tk s

demand resulting from the inclusion of the plant in the pool) = y Fonte: ONS (2002)
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OPERAGED DE UM RESERVATORIO PABA CONTROLE DE CHELAS'

POR

1,1 .
J.kelman®*+*, J.Damazieo®, M.V.F.Pereira®, J.P.Costs®

RESUMO -- Este trabalhe tem como objetive [ornecer -
zdo defluents minime, fungdio do nivel de lrhl:tnl:a::n
do reservatdrio, que garanta um _risco pequens para a ocor
rencia de uma situvagac de emergéncia, Entende-se por 8L
tuagao de smergencia aquelay em que & vazio defluente j&
& suficientemente elevada para causar dance a jusanta (pon
tes, cidades, etc.). A metodologia adotada determina
tamb@m o wolume de aspera pars amoTteciments de chelas .
Previsfes de vazdes e a operacac simultinea de diversos
reservatéries nao sic levades em consideragao: estes te
mas serio abordados em proximes artigos. -

IHTRODUGAD

_ & regra de operagio de um reservatdrio, isto @ i

to a vatao defluente, depende de um granda ;ﬁl:ru.:; ;::::::? q::%
cadao, armazénsmento fos sutros reservatorios, afludncias prné&atla
ece.. Esta decisdo deve maturalmente sey wiavel, fsto, @ ertan
cer @ um comjunte definide pelas restrigoes imposCap p;r ﬁﬂﬁgﬂ aeg
nimicas, fisicas ou ligadas i seguranga. O objetivo deste traba
lho & estabelecer restrigies simples sobre & vazdo defluente em

fragde do volume do reservatdrio d £ i
Fege e L o as ¢ forma a exercer um efeito mode

Definicdes

Eejam
] = duragic da usilgiu de cheias (dias)
wieh - wvolume (m') armazenado mo reservatéric nmo dia t

(e = 1,2, ... h); sem perda de generalidade adota-
=3e um volume morto igual a zero.
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FLOOD CONTROL RESTRICTIONS FOR A HYDROELECTRIC PLANT ( )
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Brazil
BYNOPSIS

This paper presents & methodology to impese bounds on the yield of
one reserveir in order to keep flood risk below a pre~established level.
This is accomplished by an efficient backward recursion scheme which
mimics the real time operation of the reserveir. Synthetic traces are
used to take the streamflow stochastieity inte account.

The performance of the methodology is evaluated through the case
study of the Tres Marias power plant, which reservoir can be used to
protect a city iocated 150 km downstream. Flood control bounds were
caleulated for different hypothesis regarding forecasted maximun Telease,
ranging from no information to perfect informatienm.

INTRODUCTION

The operation objectives of a reservoir system primarily designed to
meet conservative purposes may change with time., A typical example arose
when the operating rules of the brazilian hydroelectric system, originally
designed to optimize powerx production, were reevaluated in order to takf
flood contrel constraints into account.

The methodology described in this paper provides daily bounds on the
yields of one reservoir as a function of its stored volume. These bounds
ensure that the Erohabilitx of causing downstream damage is kept below &
pre-established acceptable level. Downstream damage is said te oceur
whenever the maximum safe release {s violated, This usually happens when
the reservoit reaches the maximum volume for normal eperation {vy) and
dam-safety procedures override any flood control restriction (Kelman et
al., 1980). Another critical gituation may take place if a sizesble part
of the total flow at the site to be protected comes from tributaries
joining the main river downstream to the dam. In this case the daily

 maximum release is the difference between the setual maximum flow at the
eite and the uncontrolled Flow. In other words, the reservoir,maximum
yield depends on a random variable whose probabili yidistribution will be
estimated according to the forecasting capabilityiiy Porécast’ etrors [inyj
this real time decision process may fead to "optimibtic maximum reledses’

at the reservoir and cause downstream damage even:whén the ‘tesetvoir is
§ 1l i " o .




When deciding about a new infrastructure project...

What happens if the

plant is built? Local impacts

X
What happens if the

plant isn’t built? Global impacts

y




UNIDADES DE CONSERVAGAO E
TERRAS INDIGENAS

Existem na Amazonia 414
reservas indigenas em 1,1
milhdes km?

(4 X Inglaterra)

Legenda

DIVISA ESTADUAL
I TERRAS INDIGENAS

UNIDADE DE CONSERVAGAO ESTADUAL
I UNIDADE DE CONSERVAGAO FEDERAL

L L]
SOVERND FEDEAAL

Nenhuma usina esta sendo
construida ou planejada em
reservas indigenas ou
ambientais




Capacidade de reservacao
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Os 14 maiores reservatérios identificados na figura possuem volume atil maior que 5.000 hm? e, juntos, correspondem a 78% do Volume Util total acumulado no SIN

Fonte: PSR.



Evolucao da Capacidade de Regularizacdo no SIN

6,27

Tempo para esvaziar os reservatorios
se nenhuma afluéncia chegasse as
usinas e nenhuma térmica, edlica e
solar gerassem. Mostra-se o declinio
na capacidade de regularizacao

meses

2001 2004 2007 2010 2012 2021

Fonte: FIRJAN a partir de dados do ONS e EPE.
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Despacho Termelétrico

o

—

™ o)

< 00

— o))
N 00
— O
o
—
|H

Emissoes em CO:

100M

S0M

o
N
on
(@)
i
U 60M y
40M
20M
oM
2009 2010 2011 2012 2013 2014 2015 2016

2443

2329

2 298

2132
4162

i
(Ne}
LN
i
i

2004 2006 2008 2010 2012 2014 2016 2018

o0
LN
N
o
i
16 000
§ 000
6 000
4 000 g
sl [ [ 11
0

Ano
Fonte: ONS. Fonte: http://monitoreletrico.seeg.eco.br/



~~
00)
i
o
Q\|
©
—i
™
(o))
—i
~

orios

V4

Nivel dos Reservat

N

6/2012-12/2018 (79 meses)

|
|
|
[
|
'
[
a !
@) ,
{qe] ,
O ,
(4] , |
—_— : N s
- ' ot
| ol |
m : 2 m L
' = [
B = , Cal+
lﬂW\' o |
N -m —
Eunl—7
= [
= S8l
— o |1
(V) B
[ O |1
| = ol
—— - 4 E
(<) N
-
Aol HEI
fr-y
[
|
|
|
| ——
|
=
T M
X X X X X X X X X X X
<) S =) o =) 1) o =) o o =)
S & @ ~ o ) < & « =
XVINYVI%

Fonte: ONS, PEN 2019



‘e

,f'a!-'

E possivel fazer prognosticos sobre o futuro observando o passado?

Todos sabem que as vazdes afluen-
tes as usinas hidroelétricas que foram
observadas no passado ndo ocorrerdo
de forma idéntica no futuro. Mas, se o
processo estocastico “utilizado” pela
Natureza for estacionario, as estatisticas
— por exemplo, as médias — do futuro
serdo préximas as do passado. A hipo-
tese de estacionariedade é o nilar orin-

sive nas regides onde havera aumento
da predcipitacao, devido ao aumento da
evapotranspiracdo, por sua vez causa-
da pelo aumento da temperatura. Se-
gundo o estudo, a vazao média para o
periodo de 2011 a 2040, quando com-
parada ao periodo de 1961 a 1990, di-
minuira cerca de 20% na bacia do rio
Parana e de 30% na bacia do rio Sdo

¢do das curvas cota x drea x volume e
cota x m3/s x MW dos principais re-
servatérios e usinas do SIN.

Segundo, ndo basta considerar as
previsdes de mudanca climéatica nos ce-
narios futuros de afluéncia as usinas. E
preciso considerar também os efeitos
da mudanca de uso do solo (ndo inclu-
ida no estudo da FBDS) aile de acor-

Usina

1931-1992

1993-2012 A

Itaipu

9789 m3/s

11817 m3/s

+ 20%

Sobradinho

2814 m3/s

2161 m3/s

-23%




Climate change: a challenge to
decision-makers in managing
Brazilian hydro systems

A. Livino, Harvard University, Brazil
). Briscoe, E. Lee and P. Moorcroft, Harvard University, USA
1. Kelman, Federal University of Rio de Janeiro, Brazil

The study dascribed hiera aims o contribute to the investigation of impacts of dimata and land-use changas on the I'IEImngiEI cycdain

Brazil. It explores how the climate and vegetation modals can beused cradibly in conjunction with hydrological mode|

0 investigate the

impacts of dlimata change on the fiydrological cycle. The paper describes work done in the Parand river basin, and ongoing work in the
Tapajas river basin.

razilian clecinc power gencration is dominated

by hydmopower, which accounts for more than

ED per cent of production. Altogether, Brazil is
building or planning morc than 33 GW aof ncow
hydropower capacity in the next 10 years, most of it
{around 75 per cent) in the Amazon. An impaortant his-
torical challenge to the operational planning of the
Brazilian interconnected clectrical system has been the
stabilization of energy supply, as a result of the sea-
=onal and annual uncertainty of hydm mresounces.

The prescnt study, investigating the impacts of cli-
mate and land-use changes on the hydmlogical cycle,
will provide new insights for two measons. First, the
hydrological model uses more realistic runoffs, precip-
itation and cvapotranspimtion, which arc gencrated
trom a bicsphere model coupled with a regional cli-
mate model, thus incorporating land-use change and
climatc change inin the asscssment of fulure watcr
resources for hydmpower planning in Brazil. Second.
the work promotes cutting-edge mscarch and intermc-
tion among scientists, engineers, and alsp decision-
makers who arc participating from the beginning of
this study, and may influcnice the presentation of the
results and the mnost sensitive variables to be analysed.

The Parand basin was chosen primarily to address the
valid concems of practitioners that few, if any. of the
plethom of climate models are credible, because they
make no effort to explain important features of
Brazilian hydrology. In this casc, the test was to scc
whether the mesults of the models would be able to
cxplain “the Pamnd paradox”, namely a large secular
incrcasc in flows of the Parana river in recent docades.

The Tapajos hasin was chosen because there are major
plans for development of this cumrently undeveloped
hbasin in the coming decades. Plans include hydropower,
but alo navigation, which is vital for a cheaper and
mmore environmentally friendly export of grains.

1. Background

Climate change smdies and assessment of changes in
land use are often used as the basis for genemting sce-
narios, which can assist in decision making in various
sectors. However, practitioners show justified scepti-
cism about these smdies, since the results vary so
widely and there am seldom effonts to show that the
models can reproduce known hydmlogical features.
Many studics have been conducted to estimate and

Hydropower & Dams  issue Four, 2014

analyse the hydmlogical impacts of climate change
and the changes in land use. There is great interest in
this type of study in Brazil becanse:

* more than B0 per cent of the clectric encrgy is pro-
duced by hydmelectric plants;

* hydmpower will retain a dominant mle in the fore-
secable future, despite the fact that most new plants
will be built in the Amazon: and.

* most of the new plants will not have megulating
reservoirs as A result of envimnmental constrints and
the flatness of the tarrain, which means that the energy
output will be maore dependent on the flow of the river,
which in tum is directly linked to rainfall and soil char-
acteristics and vegetation of the watershed® _

Studies of climate change and its influence an the
hydmlogical cycle suffer from a mismatch between
the spatial scales characteristic of cach model type.
Global climate models (GCM) usually work in the
range of | % | (approximately 120 x 120 km) and seck
to represent the processcs and relationships between
the atmosphere, the wegetation and the soil. On the
other hand, hydrological models are traditionally used
to represent and simulate the processes of runoff
eration and their propagation in the dminage netwaork
in the catchment area. Most of these models consider
only the processes of the land phase of the hydmlogi-
cal cycle, using rainfall as input data. They usually
work on scales of 5 x5 km_An advantage in the use of
a regional climate model (RCM, such as BRAMS -
Bmzilian Regional Atmospheric Model) is that the
cument resolution {a scale of a few mther than hun-
dreds of kilometres) enables them to capture the het-
erogeneity of the processes that influence the genera-
tion of the flow in the river hasin scale without the
need for disaggregation (downscaling ). Both types of
model, climate and hydmlogical, represent. with dif-
ferent levels of accumcy, the intermction soil = climate
» vegetation. To use them jointly, it is necessary to
deal with the redundant representations. In this con-
text, this study sought to investigate the best hydmlog-
ical models to contribuic to the asscssment of impacts
in river flows  using as input the results of atmospher-
ic models and vegetation.

¥im oo r wroads, dhe fume powesplines will tend 5o be nn-of the sives,
e ame 3% g pecemely Badlnor being ik on che Madsio ver | Finas
and Samo Anmodis), Xikga mverd Belo Mante), and Teles Pires river (Teles
Pares and Colider).



San Francisco River Basin

01/02/2012: 85%
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30/11/2015:
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Historico dos resultados do MRE

Impactos financeiros representativos nos ultimos anos
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Sobradinho Reservoir

Minimum outflow (m3/s) Storage evolution (2014)
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Reducao da Energia Firme no Rio Sao Francisco
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Fonte: Kelman, Jerson e Rafael. Energia firme da regido Nordeste. Editora Brasil Energia, 2019.




Vazao ambiental da UHE Belo Monte

Belo Monte: uso de hidrogramas ambientais “de consenso” no rio Xingu
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Vazao ambiental da UHE Belo Monte

Recomendagdo do mP
O préprio ElIA-Rima, no Prognostico Global, aponta que seriam 2000 - 2.50
necessarios pelo menos 15.000 m3/s para que ocorra um pulso de —_— iy
inundacdo expressivo, e que precisaria, ainda, ser mantido por pelo £ 1800 'g
menos trés meses durante o ano. A principio, com o rio Xingu 3 -
atingindo essa descarga de agua, tanto em termos de volume de g 1600 2.00 3
vazao quanto de tempo de inundacdo, os processos ecoldgicos @ 1400 w
seriam assegurados [...]. £ o
= 1200 150 o
mA mB mHidrograma B + Pulso © =
o 1000 g
18000 3 meses = ¢
::: 800 1.00 §
o, i :
12000 Pulso © 400 - 050 ©
T -
9000 B A A
& 200 g
6000 0 0.00
2000 8000 10000 12000 14000 16000
0 -- [ — Hidrograma B com pulso de vazao
2 345 6 7 8 0101112 entre margo e maio (m3/s)
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Impacto econémico

O impacto econdmico do hidrograma sugerido

(cerca de RS 2 bilhdes / ano) equivale ao custo da
construcao de moradias para uma populac¢ao igual
a um Maracana lotado por ano*.

/PSR ( Escones



MDE — Visao 3D
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HERA Model
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Developed by PSR
Case studies in cooperation with TNC



Reducao da Capacidade Hidrelétrica de 64% para 49%
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Greenhouse Gas Emissions*

e Unit GHG emission factors (tCO2/MWh) of each power plant are multiplied by the corresponding
electricity production from SDDP (MWh)

e Given the strong penetration of renewables, end-of-horizon electricity matrix remains very “clean”
— Emissions per unit of electricity consumption: 51 gCO, per kWh

— Emission per unit of electricity consumption in Brazil is one tenth of the world average

India I 000
China I 500
UK I 500
USA I, 500
Brazil [l 51

0 200 400 600 800 1000 — .
gCO2 per kwh emission * results from co-optimization run

26/Nov/2018 PSR - Energy systems of the future: Integrating variable renewable energy sources in Brazil's energy matrix
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