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https://www.ipcc.ch/report/renewable-energy-sources-and-climate-change-mitigation/hydropower/
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Operation .
PHS Type Mode Occasions when the PHS type operates
Annual surplus in hydroelectric generation [22].
: Pump |Annual fuel prices cheaper than average.
Pluri-annual —
Lower than average annual electricity demand [32].
Pumped-Storage — . :
(PAPHS) Annual deficit in hydroelectric generation [22].
Generation|Annual fuel prices more expensive than average.
Higher than average annual electricity demand [32].
Rainy seasons or ice melting seasons, with high hydropower generation [33].
Pump Summer, with high solar power generation [23].
Windy seasons, with high wind power generation [34,35].
Seasonal —
Low demand season, when electricity demand reduces.
Pumped-Storage : ) : : :
(SPHS) Dry period or freezing winters, with low hydropower generation [33].
G . |Winter, with low solar power generation [23].
eneration - - : -
Not windy seasons, with low wind power generation [34,35].
High demand season, when electricity demand increases.
During the weekends, when power demand reduces [36].
Pump |Windy days, with high wind power generation [35].
Weekly : , :
Sunny days, with high solar power generation [4].
Pumped-Storage : .
(WPHS) During weekdays, when power demand increases [36].
Generation|Not windy days, with low wind power generation [35].
Cloudy days, with low solar power generation [4].
. Night, when electricity demand reduces [37].
Daily Pump , :
Day, when there is solar power generation [38].
Pumped-Storage — ,
. |Day, when electricity demand increases [37].
(DPHS) Generation—; , ,
Night, when there is no solar power generation [38].
Hourly Pumped-| Pump & |Ancillary services: frequency control, remove harmonics in the grid, provide
Storage (HPHS) |[Generation|backup power in case of disturbances in supply.
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Operation .
PHS Type Mode Occasions when the PHS type operates
Annual surplus in hydroelectric generation [22].
: Pump |Annual fuel prices cheaper than average.
Pluri-annual —
Lower than average annual electricity demand [32].
Pumped-Storage — . :
(PAPHS) Annual deficit in hydroelectric generation [22].
Generation|Annual fuel prices more expensive than average.
Higher than average annual electricity demand [32].
Rainy seasons or ice melting seasons, with high hydropower generation [33].
Pump Summer, with high solar power generation [23].
Windy seasons, with high wind power generation [34,35].
Seasonal —
Low demand season, when electricity demand reduces.
Pumped-Storage : : : : :
(SPHS) Dry period or freezing winters, with low hydropower generation [33].
G . |Winter, with low solar power generation [23].
eneration . . . .
Not windy seasons, with low wind power generation [34,35].
High demand season, when electricity demand increases.
During the weekends, when power demand reduces [36].
Pump |Windy days, with high wind power generation [35].
Weekly : , :
Sunny days, with high solar power generation [4].
Pumped-Storage : .
(WPHS) During weekdays, when power demand increases [36].
Generation|Not windy days, with low wind power generation [35].
Cloudy days, with low solar power generation [4].
: Night, when electricity demand reduces [37].
Daily Pump : :
Day, when there is solar power generation [38].
Pumped-Storage — .
. |Day, when electricity demand increases [37].
(DPHS) Generation—; : :
Night, when there is no solar power generation [38].
Hourly Pumped-| Pump & |Ancillary services: frequency control, remove harmonics in the grid, provide
Storage (HPHS) |[Generation|backup power in case of disturbances in supply.
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Modelo de mapeamento de UHR no Brasil

Topographic data (SRTM), 15 secs resolution
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Operation .
PHS Type Mode Occasions when the PHS type operates
Annual surplus in hydroelectric generation [22].
: Pump |Annual fuel prices cheaper than average.
Pluri-annual —
Lower than average annual electricity demand [32].
Pumped-Storage — . :
(PAPHS) Annual deficit in hydroelectric generation [22].
Generation|Annual fuel prices more expensive than average.
Higher than average annual electricity demand [32].
Rainy seasons or ice melting seasons, with high hydropower generation [33].
Pump Summer, with high solar power generation [23].
Windy seasons, with high wind power generation [34,35].
Seasonal —
Low demand season, when electricity demand reduces.
Pumped-Storage : : : : :
(SPHS) Dry period or freezing winters, with low hydropower generation [33].
G . |Winter, with low solar power generation [23].
eneration . . . .
Not windy seasons, with low wind power generation [34,35].
High demand season, when electricity demand increases.
During the weekends, when power demand reduces [36].
Pump |Windy days, with high wind power generation [35].
Weekly : : :
Sunny days, with high solar power generation [4].
Pumped-Storage : .
(WPHS) During weekdays, when power demand increases [36].
Generation|Not windy days, with low wind power generation [35].
Cloudy days, with low solar power generation [4].
. Night, when electricity demand reduces [37].
Daily Pump , :
Day, when there is solar power generation [38].
Pumped-Storage — ,
. |Day, when electricity demand increases [37].
(DPHS) Generation—; , ,
Night, when there is no solar power generation [38].
Hourly Pumped-| Pump & |Ancillary services: frequency control, remove harmonics in the grid, provide
Storage (HPHS) |[Generation|backup power in case of disturbances in supply.
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Operation .
PHS Type Mode Occasions when the PHS type operates
Annual surplus in hydroelectric generation [22].
: Pump |Annual fuel prices cheaper than average.
Pluri-annual —
Lower than average annual electricity demand [32].
Pumped-Storage — . :
(PAPHS) Annual deficit in hydroelectric generation [22].
Generation|Annual fuel prices more expensive than average.
Higher than average annual electricity demand [32].
Rainy seasons or ice melting seasons, with high hydropower generation [33].
Pump Summer, with high solar power generation [23].
Windy seasons, with high wind power generation [34,35].
Seasonal —
Low demand season, when electricity demand reduces.
Pumped-Storage : : : : :
(SPHS) Dry period or freezing winters, with low hydropower generation [33].
G . |Winter, with low solar power generation [23].
eneration , . : :
Not windy seasons, with low wind power generation [34,35].
High demand season, when electricity demand increases.
During the weekends, when power demand reduces [36].
Pump |Windy days, with high wind power generation [35].
Weekly : , :
Sunny days, with high solar power generation [4].
Pumped-Storage : .
(WPHS) During weekdays, when power demand increases [36].
Generation|Not windy days, with low wind power generation [35].
Cloudy days, with low solar power generation [4].
. Night, when electricity demand reduces [37].
Daily Pump , :
Day, when there is solar power generation [38].
Pumped-Storage — ,
. |Day, when electricity demand increases [37].
(DPHS) Generation—; , ,
Night, when there is no solar power generation [38].
Hourly Pumped-| Pump & |Ancillary services: frequency control, remove harmonics in the grid, provide
Storage (HPHS) |[Generation|backup power in case of disturbances in supply.




UHR Sazonal GES’
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Convencional Cascade Cascade with SPS Cascade with SPS
Storing Generating

Upstream Dams

Downstream Dams

"' Water Flow ' Proposed SPS Dam
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Upper ReServoir s Tributary River Flow
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https://www.sciencedirect.com/science/article/abs/pii/S1364032120302057



Conventional Reservoir Dams Seasonal Pumped-Storage

https://www.sciencedirect.com/science/article/abs/pii/S1364032120302057
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UHRS Sao Tomé 800 metros GES™
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UHRS Sao Tomé 850 metros GES
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. UFRJ

m 500-600 m 600-700 700-800 m300-S00 mS00-1000 1000-1100



UHRS Sao Tomé 875 metros - GEST
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Cota maxima =875 m
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Comprimento =4 km

Volume util = 2,7 km3
|

Area alagada = 49 km?

Diferentes Alturas de Barragem
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Altura da barragem =190 m
Comprimento = 1,5 km

Volume util = 1,7 km3
|
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UHR Sazonal no Rio Iguacu GESEL

Grupn de Estudos do Setor =ioinoo

UFRJ

el | Arcia | Paimital | iratim_
ﬂw Cotas Maxima / Minima 1.100/ 1.000 1.150

(m) 900 /850 /1,050
Variacao de Cota (m) 200 150 100

Queda das UHE a

Jusante (m) 480 480 480

Altura Max. da Barragem

300 220 250
(m)

12319m & Relevo

1276 (o g ¥ ot Comp. da Barragem (km) 3 2,5 5
atim Tubulagdo (m) 4,5 4 17
, Volume Util (hm3) 8.700 13.700 14.400
L oo &5 Area Alagada (km?) 92 177 241

ﬂ?’,‘/l ." ,
B Area de Drenagem (km?) 30.100 30.100 30.100

Vazao de Bombeamento 5517 868,8 9132

(m3/s)
Armazenamento 23,1 33,1 42,7
(GWmed / % SIN) /7,9 /11,4 /14,7

Eficiéncia Sistémica (%) 104,1 110,9 97

Poténcia para Ciclo

Anual (GW) 2,2 2,7 47

fi | .. : g5 T

Dadosdomapa@QO‘l6Googk ; [y —— TermosUso lnrefronomapa

* Armazenamento total do SIN = 292 GWmed
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UHRS Palmital 880 metros | GES™

Grupn de Estudos do Setor -1

UFRJ
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UHRS Palmital 950 metros | GES'
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UHRS Palmital 975 metros | GES'
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UHRS Palmital 1000 metros GES™
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Diferentes Alturas para a Barragem da UHR Palmital

Cota maxima = 1000 m
Altura da barragem =240 m
Comprimento = 7,5 km
Volume util = 11,8 km?3

760

Area alagada = 155 km?
| |
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UHR Serra do Lajeado 390 metros - GES™
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UHR Serra do Lajeado 475 metros - GESH
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UHR Serra do Lajeado 500 metros GES

Grupno de Estudos do Setor Sioins
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Grupno de Estudos do Setor Sioins

UHR Serra do Lajeado 525 metros GES

UFRJ
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Diferentes Alturas de Barragem
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udas do Setor Elotnoo

UFRJ

Rio Paraiba do Sul

Paraibuna
CESP

S. Branca
LIGHT

Rio Jaguari

<

Rio Paraibuna

Google

= Barragem (260 metros) W Cota Maxima (1450 metros)
= Tubulacdo (12 km) Cota Mimima (1200 metros) L dos Pombos
= Canal (5 km) Cota de Funil (460 metros)
Itaccara |
Barra Pomba
Comparativo entre Armazenamento Hidrico da UHE Paraibuna e UHRS Barreiro Cambuci

Gwmed/km? GWmed/%

| UHRS Barreiro 4 000 0,548 (22) 15,9/5,5 13 400 89%
UHE Paraibuna 2.636 177 0,025 (1) 4,45 /1,5 4.350 100%
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S.A. ﬁ Queimado
cBQ
Trés Marias
CEMIG
UHRS Muquém Formoso
Sobradinho
CHESF
Riacho Seco

Pedra Branca

Luiz Gonzaga
CHESF

Apolénio Sales P.Afonso 4
CHESF CHESF
P.Afonso 1,2,3

CHESF

Xingo6
CHESF

Evaporacdo (m?/s)

5 u553% 88
OOOSOSOSO

Evaporacao nos Reservatoérios de Sobradinho e Trés Marias

6 7 8 9 10 11 12

Meses

,_
N
W
o
w

Sobradinho Trés Marias

Barragem (230 m; 2 km)
Tubulacao (9 km)

Canal (1 km)

Cota Mdxima (700 m)
Cota Minima (550 m)
Cota do Rio S.F. (411 m)



Rio Sao Francisco:
UHRS Muquém

'1 GESHL

Grupno de Estudos do Setor Sioi

UFRJ

 Reducao da Intermiténcia da geracao da geracao eolica e solar.

=
s
< 1
s
SERGH g'i\ bl
Ll e -
REE
- 1
1
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B R o IR
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4 -‘1 0
3w 3
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i
hﬁﬁ% : LEGENDA
GO -t a8t
-
..... ST KWh/m’
5 -E==- 4,6
+ 1
bl
- 5,2
Tl‘ "
Tt u¥
L
~ - 5.4
§E k-
B UHRS Muguém - 5,8
FONTE: SWERA
ESCALA: 11 19.500.000
= PROJETO: ANALISE DO POTENCIAL DO RECURSO - 8,9
SOLAR NA BAHIA A PARTH DE SIG BASEADO NA WER
o x AUTORES: LUCAS C. C. MPERIAL
omraaen n OSVALDO SOUAND PERERA. PH.D 62
3 .
(o] Sedes muricipot

velocidade do vento (m/s)

Volume | Area Indice Cota (m) : Armaz. Area de o
. Barragem | Tubo o Cota Inferior Eficiéncia
Util Alagada | (Gwmed (m) (km) Minima/ (m) (GWmed/% do | Drenagem (%)
hm3 km? km? Maxima SIN km? .

| UHRS Muquém [0 52 0,27 (11) 230 9 550 / 700 411 13,9/4,8 326.000 95%
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S.A. g Queimado
CBQ
Trés Marias
CEMIG
Formoso
Rio das Velhas
Sobradinho
CHESF
UHRS Riacho Seco
Pardo
Pedra Branca
Luiz Gonzaga
CHESF
Apolénio Sales P.Afonso 4
CHESF CHESF
P.Afonso 1,2,3
CHESF

Volume

Util

UHRS Pardo 16.500

Area

Alagada

150

Xing6
CHESF

Indice

(Gwmed/ Barragem | Tubo

0,283 (11) 175 10

Cota (m)
Minima/
WEVNE!
950/1100

L
iat ' &

~ Dados do mapa ©2016 Google ;kmu—l‘,_ Termos de Uso | Informar erro no mapa

Cota Inferior
(m)
540

Armazenamento
(GWmed/% do SIN)

42,5 /14,5

Area de
Drenagem
km?
19.000

Eficiéncia
(%0)
92%



UHRS Pecanha (530-440)

Belo Monte
(97-10)

Peti Curupati  Triunfo  Floresta Iriri
(260-236) (230-212) (208-178) (172-144) (135-102)

Cota (m)
Minima/
Maxima
440 / 530

Barragem | Tubo

Usina (m) (km)

122 9

UHRS Xingu 615 0,077 (3)

ry

Dados domapa ©2016 Google  10km L— 1 | Termos de Uso } Informar erro no mapa

Rio Xingu

Area de
Drenagem
km?
169.000

Armaz.
(GWmed/%
do SIN
47,2 / 16,6

Vazao de
Bombeamento
m3/s
2314,8

Cota
Inferior

Eficiéncia
(%0)
129%




Rio Amazonas

w
‘%2 S. L. Tapajos (50-14)
8
4 Jatoba (66-51)
%)
o
& Chacorio (96-70)

S. Simao Alto (155-102) Sao Manoel (161-141)

Salto Augusto Baixo (180-156) Teles Pires (220-168)
Escondido (200-180) Colider (272-251)
Tucuma (217-201) Sinop (302-278)
UHRS Paranorte UHRS Careca
(450-350-217) (420-350-302)

4 &
Informar err¢

e -
Google" "z Dadosdom‘apamowGoogle mm;. Termos de Uso

Rio Sdo Manuel i \

Rio Jurema

Vazo de Armaz. Area de Eficiancia
Minima/ | Inferior | Bombeamento | (GWmed/% | Drenagem
s = 3 2 (%)
Maxima m3/s km
350 /420 302/292 1.368,8 22,7/7,8 37.400 125%

Volume

Util

el 21.390 508 0,045 (2) 102 17




Numero de Usinas
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Area Alagada/EAmax (km2/GWmed)

m UHRS m Usinas Convencionais com Reservatorio

https://www.sciencedirect.com/science/article/abs/pii/S1364032116310383?via%3Dihub
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UHR Sazonal: GES

o0 1 o
ENA vs Armazenamento Energetico
UFRJ
a Higher chances of precipitation Full reservoirs
| ; P T ——
Higher humidity, lower temperature, denser air ‘flu;__l . — r

L
Higher evapnrat\inn
7N o

Higher soil humidity Higher flooded area E

Warm and humid front

b Lower chances of precipitation Empty reservoirs

Lower humidity and higher temperature, lighter air

Lower evaporation
£ .::r
Lower soil humidity Lower flooded area

Warm and humid front

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3877904
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UHR Sazonal: GES

ENA vs Armazenamento Energético

Grupn de Estudos do Setor =ioinoo

-~ UFRJ

. Increase in Reservoir Increase in
Generation head, . e
. ! cascade storage generation / | Reservoir filling
including dams . :
- generation capacity storage order
(GW) (GWm) capacity
Jurumirim 385.30 0.96 4.2 0.229 1
Tres Marias 357.1 2.72 18.6 0.146 2
Sobradinho 306.9 4.36 30.0 0.145 3
Furnas 610.25 4.11 35.8 0.115 4
Emborcacao 510.15 1.91 22.7 0.084 5
Nova Ponte 641.65 1.15 22.7 0.051 6
Serra da Mesa 323.4 2.11 47.6 0.044 7
Paraibuna 336.7 0.09 3.0 0.030 8
Total - 17.41 184.6 - -

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3877904



UHR Pluri-anual

GES

Grupo de Estudaos do Setar

UFRJ
Operation .
PHS Type Mode Occasions when the PHS type operates
Annual surplus in hydroelectric generation [22].
: Pump |Annual fuel prices cheaper than average.
Pluri-annual —
Lower than average annual electricity demand [32].
Pumped-Storage — . :
(PAPHS) Annual deficit in hydroelectric generation [22].
Generation|[Annual fuel prices more expensive than average.
Higher than average annual electricity demand [32].
Rainy seasons or ice melting seasons, with high hydropower generation [33].
Pump Summer, with high solar power generation [23].
Windy seasons, with high wind power generation [34,35].
Seasonal —
Low demand season, when electricity demand reduces.
Pumped-Storage : ) : : :
(SPHS) Dry period or freezing winters, with low hydropower generation [33].
G . |Winter, with low solar power generation [23].
eneration - - : -
Not windy seasons, with low wind power generation [34,35].
High demand season, when electricity demand increases.
During the weekends, when power demand reduces [36].
Pump |Windy days, with high wind power generation [35].
Weekly : , :
Sunny days, with high solar power generation [4].
Pumped-Storage : .
(WPHS) During weekdays, when power demand increases [36].
Generation|Not windy days, with low wind power generation [35].
Cloudy days, with low solar power generation [4].
. Night, when electricity demand reduces [37].
Daily Pump , :
Day, when there is solar power generation [38].
Pumped-Storage — ,
. |Day, when electricity demand increases [37].
(DPHS) Generation—; , ,
Night, when there is no solar power generation [38].
Hourly Pumped-| Pump & |Ancillary services: frequency control, remove harmonics in the grid, provide
Storage (HPHS) |[Generation|backup power in case of disturbances in supply.
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Multiplo Usos da Agua o

41%1::@:1.&1:“
This watar produoces food for
consumption io urkem arcas whils

ml=o providicg tarreeririal and aquatio
habdtat for & multhods of spaoke.

https://norcalwater.org/2015/05/04/celebrating-californias-multiple-beneficial-uses-of-water/



UHR Plurianual: GES
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Henry Hub Prices 2019-01-01 to 2021-01-06
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https://www.naturalgasintel.com/natural-gas-prices-projected-to-jump-in-2021-on-strong-export-demand-moderate-production/
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