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O retorno as ideias de Edison — Seguranca e
conflabllldade no fornecimento de energia.
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i Geracao distribuida

Concelto:

Geracao de eletricidade em pequena escala
conectada (ou nao) na rede de distribuicao
perto dos centros de carga ou, no proprio local
do consumidor.



Selecao dos acionadores primarios
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Combustion turbine — 40 MW with CHP 7
Combustion turbine — 25 MW with CHP 7
Natural gas engine - 5 MW with CHP |
Natural gas engine — 1 MW with CHP
Combustion turbine - 5 MW with CHP |
Natural gas engine - 100 kW with CHP |
Microturbine — B0 kW with CHP 7
GCombustion turhine — 100 MW
Small wind turbine with 50% incentive — 10 kW
Solar photovoltaic with 50% incentive — 500 kW
Microturbine — 30 kW with CHP |
Combustion turbine = 40 MW |
Combustion turbine = 25 MW |
Fuel cell — PAFC 200 kW with CHP 7
Natural gas engine - 5 MW |
Solar photovoltaic (50% incentive) 100 kW |
Fuel cell = MCFC 250 kW with CHP ]
Fuel cell = PEM 10 kW with CHP |
Natural gas engine -1 MW ]|
Combustion turbine = SMW

Diesel engine - 500 kW
Diesel engine — 500 kW
Diesel engine — 200 kW
Diesel engine — 1.5 MW |

Solar photovoltaic (50% incentive) = 5 kW
Diesel engine —1 MW |
Small wind turbine — 10 kW 7
Natural gas engine - 500 kW |
Solar photovoltaic - 500kW |

Natural gas engine — 100 kW
Diesel engine — 7.5 kW |
Solar photovoltaic ~ 100 kW 7

Microturbine — 80 kW
Diesel engine - 60 kW |
Solar photovoltaic — 5 kW
Microturbine — 30 kW
Diesel engine — 30 kW |
Fuel cell — PAFC 200 kW

Fuel cell - PEM 10 kW
Fuel cell - MCFC 250 kW |

; @ Central station comparison
i Pulverized coal — no COz recovery (500 MW)

GCombined-cycle gas turbine (500 MW)
($0.06-0.08/kWh)

Coal gasification (IGCC) — with CO2 recovery (450 MW)
($0.061-0.075/kWh)

Retail rate comparison

Retail rate range
($0.07-0.22 or higher)
Depends on load factor, rate design, utility
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Installed capacity (G\We)
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i No Brasil (2004)

Eletricidade total gerada | 350 TWh
Capacidade instalada 88,7 GWe
Eletricidade gerada GD 11,5 TWh
Capacidade Instalada GD | 3,5 GWe

% Geracao total 3,3 %

% Capacidade instalada | 3,9 %

100%

percentage of total
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= Forcas motrizes

Nova legislacao
Risco hidrico

Aumento da demanda de
energia de qualidade

Potencial para CDM

Necessidade de novas plantas
geradoras

Necessidade do aumento de
eficiéncia (cogeracao)

= Barreiras
= O preco do combustivel

acompanha o internacional
Cultura hidrica centralizada

Pobre infra-estrutura para o
gas

Necessidade de novas regras
de interconexéao

Incentivo a venda de
excedentes



Estado-da-arte dos motores de combustao
INterna

R LT .
ITTTRRRL

Disponivel
comercialmente

Sim

Faixa de

. 5 kW a 30 MW ou maiores
capacidades

Combustiveis Gas natural, 6leo diesel, gas de aterro
sanitario, etc.

Eficiéncia 25 a 45%

Emissdes de Pode necessitar de controle das

poluentes emissoes para NO, e CO

Adequacao aos sistemas de
cogeracao (a eficiéncia pode
ultrapassar 80%)

Outras
caracteristicas

‘Status’ comercial Produto amplamente disponivel
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Estado-da-arte das microturbinas a gas

Microturhinas
Disponibilidade comercial | Sim (Limitada)
Faixa de capacidade 25 a 500 kW

Combustivels empregados

(745 natural, GLP (ou propano), hidrogénio, Diegel, efc.

Eficiéncia

20 a 30% (com recuperador de calor)

Emissoes de poluentes

Baixa (<9-50 ppm) NOg

Qutras caracteristicas

Cogeracio (Agua entre 50 e 80 °C - com recuperador)

‘Status’ comercial

Producio de pequenos volumes, novos prototipos comerciais




Compressor Tuﬂ‘)im
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q CELULAS A COMBUSTIVEL

William Robert Grove (1811 -1896), used a platinum electrode
Immersed In nitric acid and a zinc electrode in zinc sulfate to generate
about 12 amps of current at about 1.8 volts.
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PAFC SOFC MCFC PEMEC
Dhizponivel
. St IRET IRET IRET
Comercialmente
Capacidades 100-200 k38 T - 10 WA 250 kW - 10 MWW 3-250 kW
(gas MNatural, (gas Matural,
(gas IMatural, . . (gas Matural, . .
Cotnbustivel . Hidrogénio, dleo . . Hidrogénio,
EBiogas, propano. Hidrogenio
cotnbustivel, propato, diesel.
FEfin:iEnn:ia 26-42% 45-60% 45-55% 20-40%
Emissdes Praticamente zero |Praticamente zero [Praticamente zero Praticamente zero
J:‘Lgua guetite e J:‘Lgua guetite e
Cogeracio Apua quente vapor de baixae | vapor de baizae | Aguaa B0°C
alta pressao alta pressao
Produgio Algutnas ja estio
. . . 2004 2004 20032004
Cotnercial disponiveis
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Figure 3.14 Operation principles of a solid oxide fuel cell
(SOFC) (Source: vef. [17])



MOTORES
STIRLING

= O motor Stirling é
um motor de
combustao
externa
alternativo,
desenvolvido por
Robert Stirling em
1817.




Isothermal compression (1)
—

Regenerator Cooler
Heater sﬁg :

Constant volume heating (2)
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Cj:acterl’sticas dos motores Stirling

Estado da arte

Nao comercial

Capacidade 1-75 kW

Combustivel |Preferencialmente gas natural, mas
com grande flexibilidade

Eficiéncia 12-20% (Prognastico 30%)

Emissoes Potencial de emissdes muito baixo

Situacao Comercialmente disponivel para 2002-

comercial 2005

Outras Alguns modelos sao projetados para

caracteristicas

cogeracao




i Tecnologia Stirling Solar
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SUNPOWER n
3
4
5

Legenda:

1. Silo de biomassa

2. Pirolizador

3. Recuperador de calor

4. Trocador de calor

5. Motor Stirling
Figura 3-27. Modulo gerador de 3kW para biomassa da Sunmachine (Schlappa, 2006).




SISTEMAS HIBRIDOS

DC Electricity

A Schematic Portrayal of ZITEK's
Patented Hybrid Solid Oxide Fuel
Cell-Gas Turbine Power System.

Electrical Efficiency Target: 70%

Clean Exhaust

¥"Gas Turbine




Tahela 20- Dados de desempenho do sistema hibrido SCE de 220 kW (Forbes e Veyo, 2000)

5CE Hibrid System
Relagio de pressio 291
Vazio de ar na entrada do compressor 0,6 kg/s
Temperatura na entrada da turbina 1050 K (777 °C)
Poténcia SOFC 176 kW (CA)
Poténcia microturbina 47 kW (CA)
Eficiéncia 57% (PCS)
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BIOMASSA

!'_ Perspectivas Futuras




MTG com queima externa de biomassa

+ :

Eficiéncia elétrica 15%
Eficiéncia de cogeracao: 85 %
Horas de operacao: 4000
BOWMAN TG50 50 KWe
20-30 KWe em operacao



ORC

CICLO ORGANICO RANKINE
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Saturated steam (26 bar,, 225°C)

Grid
Process
heat
Generator (G consumers
Steam drum Gear unit |
Screw-
type
Superheated steam engine
(25 bar,, 255°C)

Superheater

Heat

exchangers

|

Economiser

High pressure stage

Spray Low pressure stage
cooler

Spray cooler

Biomass tank

Condenser

District heat supply

(80-110°C)

District heat
consumers
Hartberg

0O

i
A

Spray cooler pump

Flue gas
>

Grate firing .

—— Q-
U:ﬂ Feed water pump
Bottom ash Feed water tank
Figure 1: Process flow diagram of the biomass CHP plant Hartberg

Ciclo a
vapor com
motor
tipo rosca
sem-fim

Figure 4:  Section drawing of a screw-type engine
(1...1ive steam mlet, 2...exhaust steam outlet,
3...male rotor, 4...shaft seal,
5...synchronisation gearwheels, 6.. friction
type bearing, 7...output shaft)

Steam boiler
and superheater

Biomass primary

Figure 3:

District heat return
(50-60°C)

energy input (NCV)
=100%

Radiation and
heat losses

18 %

Thermal output

70 %

Screw-type engine Electricity output
10 %

2%
Heat and electric losses
screw-type engine

Energy flow chart of the biomass CHP
plant in Hartberg



GASEIFICADOR / MTG

\¥ R

Ceramic
Filtration
Unit

Bypass
Line

1 (Uharfash |
discharge

Photograph 1. Gasifier and Test filtration unit without feed conveyar
addition of char/ash bin)

Photograph 4. Advantica Catalytic test rig

Photograph 3. Gas compressor model HV07



‘ GASEIFICADOR / SOFC

Experimental setup

[ Lab scale up-draft gasifier
[ Ceramic particle filter

 Jet stream pump
1 60W- SOFC short stack

Results

(1 Non-stop experiments up to 16 h

[ Gas analysis of producer gas with
up to 150 g/m_3 tar load

1 Normal deactivation

Tested successfully for more than 100 hours

Source: F. P Nagel, M. Kiinstle, S. Biollaz, “Link-Ug of a Solid Oxide Fuel Cell with 2 Wood Gasi-fier”, Proceedings of 14th European
Biomass Conference, pp. T46-748, Parnis, France, 17th-21st October 2005




chemical bonded

Ec il
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na=51%

SOFCs exhaust increases system efficiency
significantly



P‘ROJETOS EM ANDAMENTO NO NEST

= Modulo Gaseificador/MCI de 10 kWe.
= Modulo fornalha/Stirling 10 kWe.

= Microturbina a gas 600 kWe.

= Projeto ISBUC BIG/GT de 3 MWe.

= Testes de MTG operando com biodiesel
(soja, mamona e dende) e etanol.

= Analise do ciclo de vida do biodiesel.



CFX simmulation of processes

| i TINE ChanE

3.125e+005

2.831e+005

2.537e+005

2.243e+005

1.950e+005
[Pa]

Distribuicdo de presséao ao longo do canal.
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Tests results

[g/Nm3], [MJ/Nm?3
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NEST 600 Gas turbine

300,00 (mm)

[ 10000 20000 fmm)

5000 150,00



AN=ST

Nucleo de Estudos em Sistemas Termacos
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HicroTurbina Caldeira de Recuperagio




Temperatura [Celsius]
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Planejamento, Projeto e Operagéo

Controlling Air Quality
in the Cane Sugar Industry

Control de la calidad del aire en
la industria azucarera de cana

Y Bartens




Nova publicacao 2008

Coordenadores

Electo Eduardo Silva Lora
Osvaldo José Venturini

Editora Interciéncia

2008



Obrigado!
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