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Energia no mundo
—

» Oferta de energia primaria — mundo [Mtoe]

W oil M Naturalgas W Nuclear M Hydroelectricity Renewables [ Coal

12,000
10,000
8,000 _____.I'
6,000 ______
4,000
2,000

R L EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREEREEEEEREE

BP Statistical Review



Energia no mundo U%FPR

» Oferta de energia primaria — Brasil [Mtoe]
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Energia no mundo
= e

* Energia elétrica — capacidade instalada no Brasil
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Energia no mundo UFPR

* Energia elétrica — geracao por tipo
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Energia no mundo

* Energia elétrica — geracao por tipo
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Formacao

Copynghl © The McGraw-Hill Compannes Inc. Permission required for reproduction or display.

- = Burning of forests, fuelwood,
Photosyntﬁesls M.’:,.. T and organic debris
(terrestrial food. R SR

chains)

. for vehicles, oledﬂdty
and heat

Respiration
and decomposition

Photosynthesis
(aquatic food chains)
e vka,\\\ Ll

http://www.fe.doe.gov/education/energylessons/coal/gen_howformed.html 9




Formacao

Carvao linhito

thttp://carlosrabello.org/geografia/biogeografia/flora/turfa/ 10



Caracteristicas gerais

= Petrdleo

Composicao quimica [%(m/m)] Alcanos:

Componentes Faixa

Carbono 83-87

Hidrogénio 10-14

Enxofre 0,05-6,0 Nafténicos (cicloalcanos):
Nitrogénio 0,1-2,0

Oxigénio 0,05-1,5 ﬁ C D

Metais 0,00-0,14 #
Composicao quimica [%(m/m)] Aromaticos Asfaltenos
Hidrocarbonetos Média Faixa

Alcanos 30 15-60

Nafténicos 49 30-60

Aromaticos 15 3-30

Asfalticos 6 Complem.

Ramana, U.V. Crude oil characteristics and refinary products. Workshop on Refinary and Petrochemicals, 2010.




Caracteristicas gerais

= Petrdleo

Classificacdo do Petréleo? /
a) Densidade: Leves (acima de 30 °API); Médios (entre 21 e 30 °API) e Pesados
(abaixo de 21 °API);

b) Constituintes: base nafténica; base aromatica; base parafinica;

°API=141,5/p — 131,5

c) Local de origem?:

Select crude oil price points —

€l

)

North Sea - Brent
*

FSU-Urals
United States - WTI Algeria- Saharg Blend
Y 3
: United States-LLS *
United States - Mars #¢ 3 x
Libya - Es Sider| *..
* Mexico - Maya

kd “
Ecuador- Oriente ¢ Nigeria - Bonny Li Malaysia - Tapis

Kuwait - Kuwait '::",,}{‘"fi'ﬁﬂ nt
Saudi Arabia - Arab\ uAE Dubai

SaudlAraLa Arab Oman Oman
Light

*http://www.ufrgs.br/lapol/materias_primas/Il_26.html
*http://www.eia.gov/todayinenergy/detail.cfm?id=7110 12



Caracteristicas gerais

= Petrdleo

Density and sulfur content of selected crude oils

sulfurcontent (percentage) {:izl"'
s0Ur 35
N & Mexico- Mava
Saudi Arabia- Arab
3.0 & Heawy
25 & Kuwait- Kuwait
United States- )
50 Mars & & UAE-Dubai
) " " SaudiArabia-Arab
Iran-lran Heavy Light
15 # ran-Iran Light
FSU- Urals
# Oman-0man Market o ] Boscan
. * Arabian Light =~ Saf: h i
10 Ecuadaor- Criente dﬁvn;lgsd %;L?;Z? Brent (Sl;auc;iagralgia) (S:Jdailllryagia) Tviﬁ!ﬁ. e?:l)l
MorthSea-1 9% gas
0.5 Libya-Es Sider # ##
Migeria-Bonn 2
\ EET e e United i Light
0.0 | : HiG .
sweet 5 25 30 35 4 40%-
APl gravity (a measure of crude oil d .
heavy gravity ( Middle
LRl distillate
80% —
Heavy
products
100%
Density 0,806 0,837 0,855 0,893 0,995
° API 44 37,5 34 27 10,7
Sulfur content 0,2 0,3 1,7 2,8 5,3
Wt %

http://www.eia.gov/todayinenergy/detail.cfm?id=7110

Ramana, U.V. Crude oil characteristics and refinary products. Workshop on Refinary and

Petrochemicals, 2010.
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Caracteristicas gerais

= Gas natural

Composicao quimica [%(v/V)]

Component Typical Analysis (mole %) Range (mole %)
Methane 95.0 87.0-97.0
Ethane 3.2 1.5-7.0
Propane 0.2 01-15
iSO - Butane 0.03 0.01-0.3
normal - Butane 0.03 0.01-0.3
Iso - Pentane 0.01 trace - 0.04
normal - Pentane 0.01 trace - 0.04
Hexanes plus 0.01 trace - 0.06
Nitrogen 1.0 0.2-55
Carbon Dioxide 0.5 0.1-1.0
Oxygen 0.02 0.01-01
Hydrogen trace trace - 0.02
Specific Gravity 0.58 0.57 -0.62
Gross Heating Value (MJ/m?3), dry basis * 38.0 36.0-40.2
Ihttps://www.uniongas.com/about-us/about-natural-gas/Chemical-Composition-of-Natural-Gas 14



Caracteristicas gerais

= Carvao mineral

Composicao quimica [%(m/m)]

Heat content

Types Volatiles % C % H % O % S % kJ/kg
(Lg?g‘&i coal) 45765 60-75 6.0-5.8 34-17 0.5-3 <28,470
Flame coal 40-45 75-82 6.0-5.8 >0.8 ~1 <32,870
foa; flame 35 49 82-85 5.8-5.6 9.8-7.3 ~1 <33,910
Gas coal 28-35 85-87.5 5.6-5.0 7.3-4.5 ~1 <34,960
Fat coal 19-28 87.5-89.5 5.0-4.5 4.5-3.2 -1 <35,380
Forge coal  14-19 89.5-90.5 4.5-4.0 3.2-2.8 -1 <35,380
';'(;’;Ibaking 10-14 90.5-91.5 4.0-3.75 2.8-3.5 -1 35,380
Anthracite ~ 7-12 >91.5 <3.75 <2.5 -1 <35,300

1Eberhard Lindner; Chemie fur Ingenieure; Lindner Verlag Karlsruhe, S. 258 15



Caracteristicas gerais

= Carvao mineral
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Reservas no mundo e no Brasil

= Petrdleo

/Reaervas de Petréleo em 2007\
{bilhées de barris)
[ ] menos que 4
[ 141ah0
[ 201a50
I 50,12 100
I 100,1a 300

. J
1238 hilhdes de barris

17 bilhGes de barris (Brasil)

1BP Global — disponivel em www.bp.com 17




Reservas no mundo e no Brasil UFPR

= Petrdleo

Grafico 1 - Evolucao das Reservas Provadas em 2014:
Consolidado (critérios ANP/SPE, bilhoes de boe)
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Thttp://www.petrobras.com.br/fatos-e-dados/nossas-reservas-provadas-em-2014.htm 10




Reservas no mundo e no Brasil

= Gas natural (convencional)

/ Reservas de gas natural
em 2007 (trilhées de m?)

[ ]009a1,00

7] 1.01a2,00
I 2012800
B 20123450

o /

177 trilnGes de m3
0,4 trilhdes de m?3 (Brasil)

1BP Global — disponivel em www.bp.com 19




Reservas no mundo e no Brasil

= Gas natural (shale, gas de xisto)
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Reservas no mundo e no Brasil

= Carvao mineral

/ Reservas de Carvdo 2007 \‘

(milhdes de toneladas)
[ ]=134
[ 1135a1.000
[ 1.001a 10.000
I 10.001 a 100.000
I > 100.001

/

847 bilhdes de toneladas

1BP Global — disponivel em www.bp.com 21




Reservas no mundo e no Brasil

= Carvao mineral

Reservas RS

. 28,8 bilhdes de toneladas

(89% das reservas nacionais)
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Modos de exploracao

= Petrdleo

Prospeccao

Perfuracao

Extracao

source of
shock waves

A
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s




Modos de exploracao

= Petroleo

Theta Enterprises, Inc.
www.gotheta.com




Modos de exploracao

= Gas natural

Gas convencional Gas nao convencional
Gas associado Fracking
Gas nao associado

Conventional

é Land s7rface
non-associated

gas Coalbed methane

g - Conventional
. associated
Wk gas

o Tight sand —*
gas
/ ‘{

Gas-rich shale
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Modos de exploracao UFPR

= Carvao mineral

Lavra do carvao Beneficlamento
[[] Céu aberto Extracao de materiais inertes
Subterrénea o - B Secagem




Modos de exploracao

= Carvao mineral

1

- O |
Vs - R\

po—-

-———
—




Conteudo

= Parte 2
— Uso final
— Impactos ambientais e desafios
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Uso final

= Diagrama de Sankey (International Energy Agency)

— Avaliar consumo final (transporte, geracao termelétrica,
outros usos);

— http://www.lea.org/sankey/#?c=IEA Total&s=Balance




Uso final

= Petrdleo

Aquecedor Transformadores
de agua

Pré Aquecedor

Caldeira Ventilador Ventilador Bomba de agua
de entrada de saida de alimentacdo condensado

da caldei i =
a caldeira Condensador circulacdo

Resfriamento

LANEEL — Atlas de Energia Elétrica, 2008.




Uso final

= Petrdleo

SUAPE: 381 MW:; FC=0,70 Borborema Energética: 169 MW; FC=0,76




Uso final

= Petrdleo




Uso final UFPR

= Gas natural

Entrada de ar Exaustor

Reservatorio _
de dleo Turbina

Compressor Gerador

Transformador
camaras de
combustio

\ Y/
lli5 .

Linha de
(Gas Natural

IANEEL - Atlas de Energia Elétrica, 2008. 33




Uso final

= Gas natural

LCONDENSADOR '1
S S st v |
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Uso final

= Gas natural

TERMOPE: 530 MW; FC=0,81

thttp://www.termope.com.br 35



Uso final

= Carvao mineral

Carvao Mineral Gerador

Esteira Transformador
|
I — .

‘.ﬂ‘

LANEEL — Atlas de Energia Elétrica, 2008.




Uso final

= Carvao mineral

Jorge Lacerda, Unidade C, Santa Catarina
363 MW
170 bar; 538 C

lwww.tractebelenergia.com.br 37




Uso final

= Carvao mineral

Boa 2 e 3: Nordrhein-Westfalen, Alemanha
1.060 MW + 1.060 MW: 280 bar / 600 C

38
S



Uso final

= Carvao mineral

1100 N, MW
900 950
800 (—d >50 n (net), %
600 —1
>48
Power output 150 300 43
—_— =
(eross) 42,3
40,6} 37.5/700/720 MPa/°C/°C
35 B 36.6 F:
31,4 frmmed 28,5/600/605
Efficiency (net) 30'8_|_' 27,5/580/583
26,7/554/583
6.2/547/565
18/530/530
Reheatsteam _f_'j—l_
' |
Cycle Once-through  §02,NOx  Flue gasheat Lignite
optimization boiler Reduction recovery pre-drying
I
I |
Material X20 T91 Austentic Nickel-Based
evaluation (SH) Material Alloys
| |
Process advances 1960 1980 2000 2020

Ragolev, N; Golodnitskiy, A; Tumanovskiy, A; Rogalev, A.
A Survey of State-of-the-Art Development of Coal-Fired Steam Turbine Power Plant Based on Advanced Ultrasupercritical Steam Technology, Contemporary Engineering Sciences, 2014.
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Uso final

Solas PV—Rooftop Residential
Solar PV—Rooftop Cad#

Solar PV—Community
Solar PV—Crystalline Utility-Scale™

Solar PV—Thin Film Utdlity-Scale™

ALTERNATIVE

Solar Thermal Tower with Storage®
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https://www.lazard.com/media/2390/lazards-levelized-cost-of-energy-analysis-90.pdf
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Impactos ambientais e desafios

= Emissao de gases do efeito estufa

[

-

1600

Greenhouse Gas Emissions

1400

1200

———--=d

1000

d==d

GHG Emissions (Tonnes CO_&/GWh)

B Average Emissions Intensity

800 : -

600

400 |||| E

200
|

& C <

1 Range Between Studies

http://www.world-nuclear.org/nuclear-basics/greenhouse-gas-emissions-avoided.aspx

41




Impactos ambientais e desafios

= EmissOes de SOx
— Queimar combustiveis com menor teor de S;

— Tratar gases de combustao

Formacé&o de chuva acida Pulverized Coal
Air

SO4(g) + HO(f) — H,S04(aq)

| =
Stack

H,804(aq) + 3 O(g) — H,S0,(aq)

- Sprayers

Air Heater
Precipitator :
A T
Induced Draft -
Fan

_ Boiler

Calcium Sulfite

to Gypsum Facility Wet Scrubber
ADMAG
Pumps —

http://mww.yokogawa.com.br/noticias/detalhe/saiba-como-reduzir-o-nivel-das-emissoes-de-enxofre-no-meio-ambiente.html 42

Limestone Slurry
Feed Tank




Impactos ambientais e desafios

= Emissoes de NOx

— NOx combustivel

— NOx térmico (>1400 C)

= Desafios

— Aumentar a eficiéncia dos sistemas de geracao
termelétrica

— Desenvolvimento de combustiveis com baixo teor de S

— Encontrar substitutos para os fosseis

http://www.world-nuclear.org/nuclear-basics/greenhouse-gas-emissions-avoided.aspx 43



Impactos ambientais e desafios

= Geracao Solar+Fossil

SAFWH: Solar-Aided Feedwater Heating HSG: Hybridized Steam Generators

e
SH

|
| |
| |
I TEvAP ] |
| |
| |
| |
| |
| |
| |

ECO

PTC

Tower

(

SGT: Solar-Gas Turbines ISCC: Integrated Solar Combined Cycles

Air

Compressor

Tower

«a(SEABRA, 2008); ®(NETO, 2002). 44
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