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Figure 1. Different hydrogen generation pathways divided by colour. SMR: steam methane reforming, ATR: autothermal

reforming, CCS: carbon capture and sequestration.

Fonte: Noussan, M. et al. (2021). The Role of Green and Blue Hydrogen in the Energy Transition:
A Technological and Geopolitical Perspective. https://doi.org/10.3390/su13010298
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Syngas x Biogas

Gas de Sintese - syngas Biogas
22% CO 55% CH,
16% H, 40% CO,
CO, 5% outros gases
2,5% CH,
1,5% H,O

PCl=4a5MJ/Nm3
(baixo poder calorifico)

PCl =20 MJ/Nm?3
(médio poder
calorifico)

(PCI gas natural = 40 MJ/Nmg3)
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Integracao do sistema energético com hidrogénio
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This diagram depicts various scenarios for producing renewable hydrogen and electricity.

Fonte: NREL https://www.nrel.gov/hydrogen/renewable-electrolysis.html
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Figure 2. Estimation of future hydrogen costs for different pathways. Energy figures based on hydrogen lower heating
value (LHV). Authors’ elaboration on BNEF data, 2020 [14].

Fonte: Noussan, M. et al. (2021). The Role of Green and Blue Hydrogen in the Energy Transition:
A Technological and Geopolitical Perspective. https://doi.org/10.3390/su13010298
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Gaseificacao de biomassa e residuos

no Mmundo
http://task33.ieabioenergy.com/
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http://task33.ieabioenergy.com/

Status da gaseificacao de biomassa no mundo

Matéria-prima: Tendéncia a mudancas no Plantas em operagao:
perfil de biomassa dedicada e “limpa” para * Pequena escala: + 1500 (concentradas na Europa)
a utilizacao de residuos, devido a custos e

- * Grande escala: alguns casos de sucesso, vinculo com
sustentabilidade

Fischer-Tropsch e producdao de combustiveis (TABELA)

Utilizagcdo do gas produzido: Cogeracao Producdo de hidrogénio (150 m%h): Herten, Alemanha
(CHP) é dominante em unidades de
pequena escala; Em plantas maiores, a Owner Name Country
N .. ; . Aemetis/Lanzatech Project Aemetis Riverbank USA
producdo de combustiveis (liquidos e Total BioTfuel demo FR
. Enerkem Westbury commercial demonstration CA
gasosos) se torna cada vez mais relevante facility
Enerkem Alberta Biofuels LP Edmonton Waste-to-Biofuels Project CA
GDF Suez + consortium Gaya FR
Avaliagﬁo das tecnologias para HZ: Go Green Fuels Ltd GoGreenGas UK
KIT biolig biolig DE
Hyd rogen from Tembec Chemical Group Synthesis Tembec Chemical Quebec CA
biomass gasification }Elflhnerc% (Enerkem & Greenfield Varennes Cellulosic Ethanol CA
ano
. West Biofuels LLC Thermal Reformer Synthesis us
IEA Bloenergy West BiofuelsWoodland , CA

IEA Bioenergy: Task 33: December 2018

ional
H Operationa Fonte: IEA Bioenergy Task 33 (2019)

Under construction / under commissioning
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Green H, de RSU na California, EUA

Ways2H (joint venture Clean Energy Enterprises — EUA e Blue

Energy Corporation — Japao:

* Alegam que custos de produgdo do H, estdo na faixa de USS 5/kg,

podendo chegar a USS 3/kg

* Custo relativamente baixo considera “custos negativos” da

matéria-prima

* Planta opera com altos fatores de capacidade

e 1ton residuo seco =40 a 50 kg de H, (pode variar de 30 a 120 kg)

* Tecnologia: pré-processamento, gaseificacao, reforma, limpeza e

separagao do H,

* Projeto é operar com CCS

e Desenvolvendo sistemas modulares de 1 ton residuo/dia

'It's much cheaper to produce green hydrogen
from waste than renewables'

California start-up can convert rubbish that would otherwise go to landfill into
pure hydrogen — while offering a carbon-negative solution, writes Leigh Collins

https://www.rechargenews.com/transition/its-much-cheaper-to-produce-
green-hydrogen-from-waste-than-renewables/2-1-801160
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Califérnia e o Low Carbon Fuel Standard:
produgao de H, com créditos de carbono

Programa da Califérnia, similar ao RenovaBio, prevé
créditos para produtores de hidrogénio

* Rotas de produgdo de H, ja certificadas tém como
matéria-prima o gas de aterro, biometano de dejetos
animais, eletricidade e gas natural

Gas de aterro e biometano de dejetos animais
podem gerar H, de intensidade de carbono negativa

* A USS 100/tCO,, o beneficio podia passar de
USS 3/kg. Valor atual é de cerca de US$ 200/tCO,

Assumed Value per Credit: $100

Carbon Intensity

Fuel Pathway| Applicant (2CO2/MJ) LCFS Value ($/kg)
HYGNOO9 LyTen 29.84 $2.30
HYGNOO6 AC Transit 0 $2.66
HYGNO11 Fuel Cell Energy -0.82 $2.67
HYGNOO8 LyTen -46.91 $3.22

Fontes: California Air Resources Board (2021); Martinez (2016) - CARB.
https://www.energy.gov/sites/default/files/2016/07/f33/fcto_x-
cutting_h2_stn_infrastr_review_2_martinez.pdf
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POTENTIAL'PATHWAYS, INFRASTRUCTURE, AND IMPACTS

High Meadows Carbon

PRINCETON / i ] 9 h
? UNIVERSITY f:)':ﬂl.)“rg\?rﬁy?’:'lt\?r(mn ent | ' Environmental Mitigation
7 =t * Institute Initiative

e Hidrogenio
Consumer energy investment Wind and solar Major bioenergy industry
and use behaviors change » Rapidly site 108-100s of GW per * 100s of new conversion facilities d a b|0 massa
* 300 million personal EVs year, sustain for decades * 620 million t/y biomass feedstock
* 130 million residences with heat * 3x lo 5x today’s transmission production (1.2 Bt/y in E- B+) +B ECCS
pump heating Nuclear H. and synfuels industries
Industrial efficiency gains * In RE- scenario site up to 250 new » 8-19 EJ H, from biomass with CCS
» Rapid productivity gain 1-GW reactors (or 3,800 SMRs). (BECCS), electrolysis, and/or
* EAF/DRI steel making « Spent fuel disposal. methane reforming
NGCC-CCS » Largest H, use is for fuels synthesis
+ In RE-, 300+ plants (@750 MW) in most scenarios

Flexible resources

4. CO, capture & storage » Combustion turbines w/high H,

Geologic storage of 0.9 — 1.7 » Large flexible loads: electrolysis, Forest management
GtCO./y electric boilers, direct air capture + Potential sink of 0.5 to 1 GtCO,./y,
« Capture at ~1,000+ facilities + 50 - 180 GW of 6-hour batteries impacting %2 or more of all US

* 21,000 to 25,000 km interstate forest area (> 130 Mha).
CO, trunk pipeline network Agricultural practices

* 85,000 km of spur pipelines Methane, N.O, Fluorocarbons « Potential sink ~0.20 GtCO,,/y if Larson, E. et al. (2020). Net-
delivering CO, to trunk lines * 20% below 2020 emissions (CO,,.) conservation measures adopted Zero America: Potential

* Thousands of injection wells by 2050 (30% below 2050 REF). across 1 — 2 million farms. Pathways, Infrastructure,
and Impacts. Interim report,

Princeton University.
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NET-ZERO AMERICA

POTENTIAL'PATHWAYS, INFRASTRUCTURE, AND IMPACTS

1. Fossil-derived fuels with
negative emissions offsets

Zero-carbon &

3. Drop-in liquid & negative-carbon 2. Hydrogen made from
gaseous fuels made fuel & feedstock biomass, NG w/CCS, or Hidrogénio
from biomass or options electrolysis and used ‘ da biomassa
synthesized from directly or as hythane + BECCS

H, + captured CO, (blend of H2 + CH4)
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Experiéncia no Brasil
Gaseificacao de RSU
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Brasil — Disposicao dos RSU

TABELA 3. QUANTIDADE DE MUNICIPIOS POR TIPO DE DISPOSICAO FINAL ADOTADA

sposi Brasil 2016 - Regides e Brasil
e i 2015 Morte Nordeste Centro-Oeste Sudeste  Sul Brasil
Aterro Sanitario 2.244 92 458 161 822 706 2.239
Aterro Controlado 1.774 112 500 148 644 368 1.772
Lixao | 1.552 246 836 158 202 117 1.559

Brasil 5570 450 1794 467 1668 1191 5570

Fonte: Panorama ABRELPE 2016
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O caso dos pequenos municipios

Tabela 21 - Classificacdo quanto ao porte do municipio em relacdo ao

numero da populacao residente - Brasil — 2000.

Classificagao de acordo com o tamanho da populagao hlum.e ',G_de Relagao ao
municipios Total
|€equem Porte | ate 20 000 4074 73 26%]
equeno Porte I De 20 001 até 50 000 963 17.32%
Méedio Porte De 50 001 até 100 000 299 5,38%
Grande Porte Mais de 100 001 225 4.05%
Total 5.561 100,00%

Fonte: Elaborado pelo autor com base no IBGE, 2000.
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PROJETO DE P&D

Aproveitamento energético e geracao de energia elétrica de residuos solidos
urbanos a partir de reator termoquimico.
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Boa Esperanca € um municipio brasileiro

do estado de Minas Gerais. Localiza-se a

uma latitude 21°05'24" sul e a uma

longitude 45°33'57" oeste, estando a uma

altitude de 775 metros. Sua populacéo em
2016 é de 40 412 habitantes, de acordo

com a estimativa do IBGE.

Local de Instalacao: Boa Esperanca-MG;

Processo: Sistema Reator Termoquimico em Leito Fluidizado Circulante
(Gaseificagao);

Capacidade de Geracéo: 3,54 Gcal/h (AMW,,);
Rendimento Tedrico: 75%;
Range de Trabalho 70%

Aplicacdo: Geracéo de Energia Elétrica
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saidade CDR

o,

<
captagdo de dgua

7
LReci rculagdo

ENTRADA
| 56 ton/dia
5,600 ton/h
Umidade 50%
PCl 2.217,6 keal/kg

RESIDUO
SOLIDO

Sistemade Lavagem dos
Gases

Cinzas

145,1 kg/h

T

7
N 4
469,3 m*/h
c

Hormell

L'}

Secador

1,5 m*/h |

1,0 m*/h

Consumo no Processo

i)

Exportagdo

Pogo Artesiano 1 r

£ ‘__, W

4,05 m*/h
97,2 ton/day

I Torre Resf.

4,42 m*/h
106,2 ton/dia

Technical figures

- MSW: 55 ton/day

- Net power generated: 1.06 MW
- Power surplus to export: 0,805 MW

- Area: 7,800 m?

MSW LHV: 2,217 kcal/kg
RDF LHV: 3,770 kcal/kg
Syngas LHV: 1,294 kcal/Nm?3

REGIME DE TRABALHO EM HORAS 24 | REGIME DE TRABALHO 24 HORAS
! 51,0 ton/dia Esta¢do de Tratamento
f— _—
I U Consumode CDR__ | i \ @ Carbogas
26,985 ton/dia 30,60 ton/dia 1275,1 kg/h Vapor 4,87 ton/h meqle
Vidro 0,784 ton/dia CoR 3,060 ton/h Gas Production I* Pressdo 42 bar
Metais 2,912 ton/dia SAIDA UMIDADE 15% Reator L ] = Temp 420 °C 4 J L
N3o Ferrosos 0,280 ton/dia PCl 3770,0 kcal/kg
Steam Turbine I
—
—

51,0 ton/dia
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Potential for Electricity Production — MSW Gasification (<10 MW)

Municipality Electricity Potential
| Aproveitamento energético - Waste to Fnergy (WtF) | MWh/ year
' Santo André 58,119
Sdo José dos Campos 57,143
| Osasco 56,710
Ribeirdo Preto 45,363
Sorocaba 53,621
Maua 30,716
S3do José do Rio Preto 29,962
LEGENDA
Headues e Santos 28,904
RSU - Fragao Organica + WLE (MWhiano)
= mzz Mogi das Cruzes 28,848
e g Diadema 27,782
B -530.000
Top Ten 417,168
i \\\l HIENERGIA = PO T oo, s €D ANEEL
3 B RN GRSt - T 1,910,475 (more than 10% of state
Sdo Paulo State (Gasification) .
potential)
Sdo Paulo total electricit
) v 17,985,183
potential (from biomass
residues)




