»RDF REFUSE DERIVED FUEL

»Around of 1000 t / dia (MSW)

»Production ~300 ton per day RDF

Renewable Energy Source
IIBRHII
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Residual Municipal Solid Waste (MSW)

Residual Municipal Solid Waste (MSW) is waste that is household or
household like. It comprises household waste collected by local

authorities some commercial and industrial wastes e.g. from offices,
schools, shops etc. that may be collected by the local authority or a
commercial company.
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Residual Municipal Solid Waste (MSW)

There are a wide variety of alternative waste management options
and strategies available for dealing with MSW to limit the residual
amount left for disposal to landfill.

Below the diagram blocks of RDF process

INPUT - Primary Ferrous and

griding

Second

Garbage bags griding

reception

magnetics
separation

Compression

RDF and
Storage

Non Fuel Thrid griding
material open bag Dry stage
separation stage
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Lay-out process (Schematic)
WASTE PROCESSING LINE

Silo

1° Crusher

Metalic Separator

2° Crusher

»

Air Separator

3° Crusher

Waste-ZEnergy



Project Plan - Modules to 300 ton per

INPUT |labor hours 16
MSW + 300 ton/dia |
18,750 ton/h WasteZEnergy
Moisture 50%
PCI 2.217,6 kcal/kg Solid granulometric_size
Energy 38.628.639,7 kcal
1741,9|kg/h
1741,9|kg/h
725,8|kg/h
725,8(kg/h
435,5/kg/h
435,5(kg/h
Stone and Glass
5806,3|kg/h

Moisture reduced during the process
I Output of water

Water | 13662 kg

Glass 262,5 kg/h
Metals 975,0 kg/h SAIDA  |Moisture 15% Noninetals
Non metals 93,8 kg/h PCI 3770,0 kcal/kg

_ Energy 38.628.639,7 kcal

.
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WASTE PROCESSING LINE
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Pilot plant picture

WASTE PROCESSING LINE

Packing Press or Gasifier




Pilot plant picture

WASTE PROCESSING LINE

Packing Press




Industrial plant 300 ton per day

WASTE PROCESSING LINE
= : B PCI 4.000 kcal/kg
mm===)  After store the RDF

go to gasification

process
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BASIC PROJECT OF PLANT
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STAGE 01 - ENGINEERING AND BUILDING | Waste-Enersy
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STAGE 01 - ENGINEERING AND BUILDING




STAGE 01 - ENGINEERING AND BUILDING had L ALY,
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STAGE 02 - INSTALATION OF EQUIPMENT
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STAGE 03 - TRIAL OUT AND START UP
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PROJECT SCHEDULE TO IMPLEMENTATIO

PROJECT SCHEDULE

J1AN FEV MAR APR MAY JUN JuL AGD SEP OCT NOV DEC

STAGE 01

Kick off meeting

Executive project

Furchase orders of materials

Prepare the area to contruction

Building construction
STAGE 02
Pipe and Electrical installation

Receiving the equipment on site

Equipament Installation
STAGE O3

Trial out of equipment

Warm up the plant

Start up the plat




OPERATION PLANT

SUPERVISORY SYS

AIR SYSTEM PROCESS AND CONTROL ROOM
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OPERATION PLANT

2ZZWHITE MARTINS oo
PRAXAIR INC Oxigénio (%) 2,22

Nitrogénio (%) 60,8

Monéxido de Carbono (%) 10,14

Didxido de Carbono (%) 13

Metano (%) 5,41

Etano (%) 0,25

Etileno (%) 2,27

Propano (%) 0,79

iso-Butano (%) <0,01

n-Butano (%) 0,09

Iso-Pentano (%) <0,01

n-Pentano (%) <0,01

1° SUPERVISORY n-Hexano (%) <0,01
SYSTEM = ] Massa Molar (kg/kmol) 29,042
PCl real a 20°C (kcal/m’) 1358

2° FEEDING
—p

— 3° FLARE q

SIMULTANEOUS

L,

32 FURNACE
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ADVANTAGES

» Reduces> 90% by weight and about> 95% of the waste volume;

There is no formation of leachate; . /
0 1
Elimination of CH4 emissions; '@i :@z
7 3
Ch’ ¢ 3 4 Moy ok

Efficiency above 75%;

Cly
PCDD - Policloradodibenzo dioxina PCDF - Policloradodibenzo furano

Production of fuel gas can be fed away from the site of generation; \

There is no formation of NOx and SOx; d'OX"’\S an
\

National Technology and Low Costs Implementation and Operation; \
There is no formation of dioxins and furans; (gasification works with very
low oxygen rate in the reactor. Because of this, there is no formation of
these pollutants)




ADVANTAGES

V COMPANHIA DE TECNOLOGIA DE SANEAMENTO AMBIENTAL
CETESB

A

Vale SolugGes em Energia S/A
Rodovia Presidente Dutra km 138

B. Eugénio de Melo - CEP 12247-004
Sac José dos Campos — SP

AS/C Sr. Hugo Joseé Teixeira Moura.
Diretor do CTE - Centro Tecnologico de Energia

N/COD.:
DATA:

CLT/015/2009
14/01/2009

"VALE

VALE SOLUGOES EM ENERGIA

Dados
1% Coleta 2% Coleta
Horario 2:312as3:50 | 4:00as 5:30
Temperatura (°C) 136,25 137,25
Umidade (% wvol.) 8,27 8,04
Jelocidade (m/min) 1.164,73 1.160,65
Vazio (m?/h)* 548,87 546,95
Vazio (Nm?/h)*™ 311,62 310,53
Acido Concentragdo (mg/Nm?)™ ND ND
Cl("_'l‘:g;;c" Taxa de Emissio (kg/h) \D \D
Closo (CL2) Concentragdo (mg,/Nm?)™ ND ND
Taxa de Emissao (kg/h) ND ND
Acido Concentragdo (mg,/Nm?)™ ND ND
Fluoridrico .
Taxa de Emissao (kg/h)
(HF) ND ND
CO, (%Vel. )™ 11,2 11,8
Analisedos | O, (%Vol)*™ 0,0 0,0
Gases de —
Combustio CO (%Vol)™ 15,2 14,4
Nz (%Vol.)™ 73,6 73,8

(*) Nas condigtes da chamine.
(**) Mas condigées normais de temperatura e pressio (CMNTF)
(ND) Abaixe do Limite de Detecgio

- baze seca ((PC el atm).

-
Dioxinas e Furanos Expresso como Toxicidade Equivalente a
2378-TCDD
Total PCDDs + | © (ng/m)N™ |  113E-03 3,38E-04
PCDFs como TE (pg/h) 3,53E-04 1,06E-04
2,3,75-TCDD (3

(*) Mas condigdes da chaminé

(**) Mas condigées normais de temperatura e pressio (CMNTP) - base seca (0°C e 1 atm)
(***) Base Seca , C - Concenftragio, TE - Taxa de emissdo, PCDDs - Dibenzo-para-dio:xdnas policloradas

PCDFs - Dibenzofuranos policloradosFET - Fator de Equivaléncia de Toxicidade da substancia para
expresza-la como 2,375 - tetraclorodibenzeno p-dioxina (2,3,7,.8 -TCDD), especificados pela NATO/CCMS
- Morth Atlantic Treaty Organization’s - Committee on Challenges of Medern Society

Davidson Vale



ADVANTAGES

PASTA CETESB

s veMxl{ed J

PARECER TECNICO e PO AosICTAE
COMPANHIA AMBIENTAL DO ESTADO DE SAC PAU A

Av. Praf. Frederico Hefmann Jr., 345 - CEP 05458-800 - Sao Paulo - SP
CNPJ 43,778.481/0001-70 - Insc.; Est. 109,081.375-118 - Insc. Munic.: B.030.313-7

.

Data: 06.01.2016

C ETESB Site: www catesb.sp.gov.br

INTERESSADO: CARBOGAS Energia

REFERENCIA: PA N° 471/08

ASSUNTO: Solicitacdo de Autorizagao de Ensaios de Gaseificagao de Biomassa

COMPARISON OF THE RESULTS
OBTAINED IN THE BURNER FIREPLACE
CORRECTED TO 7% OF O2 - 09/05/16

Concentragdes corrigidas a '—%"—"’_‘jﬂ
T % de Oy conforme estabelecido | Emissac
_— na Resolugio CONAMA n® 316 {valores
emmylh'
17 Coleta | 2 Coleta | 3° Coleta | base seca,
7% de Og )
Material | paterial Particulado (mgMm? @ 7% O 70
Partipulads (MP) tenal Farbculago (mg/ @ 2} 45,82 40,10 39,94
= Odos de | dxidos de Enxofre - SO, (S0; +50
E fre (S0 Xaos ge - x Lalds 5
nuofre (SOx) | Duidos de Enxo 00 (mgNme @ 7% 0g | 9630 | 10333 | 11340 280
NOx - 1° Bal3o { 4° Bal3o | 7° Balio 157 51 195 g2 116 58
MNOx Expresso ’ ' '
Como MOz | NOx - 2° Balo | 5° Bal3o / 3° Baldo
mg/Nm* @ 7% 179,79 | 140,83 | 188,11 570
Ozl NOx - 3° Baldo | 8° Bal3e / 9% Balio 118 23 41 167 22
] Clore mais Acido Cloridrico Expresso
Acido como HC (mg/Mm” @ 7% O5) 8,32 937 11,86 80
Cloridrico e o  Acido Cloridnes £
il oo mars a rianco SxXpresso
oro oo HE (kg 0,0029 | 0,0031 | 0,0051 1,8 kgh
Acido Fluoreto Tetal (Fs + Fg expresso
Flucridrico (HF) | coma HF) (mg/Nm* @ 7% 0) 4,87 4,31 1,31 5
Hidrocarbo- | Hidrocarbonetos Totais — HCT
netos Totais | (expresso como metano e ndo 2,49 1,49 3,00 -
HCT metanc) (mg/Mm> & 7% O4)
Material Parficulado (mgMm® a 7% O4) 21,20 28,00 45,61 70
Cd + Hg + Tl (mg/Nm* @ 7% O) 0,0054 | 0,0190 | 0,0079 0,28
Material -
; As+Co+HMi+ Te () + 52 ()
Particulado 1.4
NP & Metais | (MIN'@ 7% O) oo | % | o ’
Sb+Pb + Cr+Cn( )+ Cu+Sn(")+
Mn + Pt} + Pd(™) = Rh(*) + v 0,43 0,23 0,21 7.0
(mg/Mm™ & 7% O4)
D&F Dioxinas & Furanos {ng™m® @& 7% Oz) 0,04 0,01 0,01 0,5 ng/Mm?®
Monduido de |\, s o de Carbono (ppm @ 7% Oy | 315 57 12,3 100 ppm
Carbonag PR & bl 1 1 PP




ADVANTAGES

SGS

COMPARISON OF THE RESULTS
OBTAINED IN THE BURNER
FIREPLACE CORRECTED TO
11% OF O2 - 09/05/16

Concentragoes corrigidas a L_'ﬂ;_‘ﬁ de Emissao
11 % de 0, conforme estabelecido na Resolugao SMA N° 73/2003
Resolugio SMA N® 7972008 (valores expressos em mgiNm®, base
oar seca, 11% de Oy )
Amostragem arametros Nalor Valores médios de
. 30 minutos
12 Coleta 27 Coleta 3 Coleta Il;llﬁ:lil: 7% do 100% do
tempo tempo
'}‘;E.ﬂfg'ﬁgﬂ 15,15 20,00 14,72 10 10 10
3
Material Earticulado Cd + Tl img/Nm™ @ 11% O:) 0,003 0,003 0,003 0,05 0,05 0,05
(MF} & Metais Hg (mg/Nm> @ 11% O.) 0,0011 0,0106 0,0028 0,05 0,05 0,05
Pb+As+Co+MNi+Cr+Mn+
Sb + Cu+ V (mg/Nm>@ 11% O2) 0,312 0475 0,162 0,5 0,5 0,5
D&F 'i’";fm: ‘E e 0,0262 0,0089 0,0083 0,1 0,1 0,1
- Mondxido de Carb I
Monéxido de Carbono l:r:gn.:-«llrln;:-l@ 1 ﬂ: D‘;‘” 28,1 " 5147 11,0 @ 50 150 *! 100
) . | Hidrocarbonetos Totais — HCT (expressao
Hidrocarbonetos Totais | oome metano e ndo metana) (mg/MNm® @ 1,8 1.1 21 10 10 20
HCT 11% O3)
Acido Cloridri Cl Clora mais Acido Cloridrico Expresso como
cido Cloridrico e Cloro HC (mg/Nm” @ 11% O=) 5,94 6,69 84T 10 10 60
NOx - 1° Balao | 4° Balao / 7° Balao 108,93 89,96 83,26
MOx Expresso Como NO: | NOx - 2° Baldo / 5° Baldo ! £° Bal3o
(mg/Nm* @ 1% Ou) 128,42 100,60 118,65 200 200 400
MOx - 3° Baldo | &° Baldo [ ©° Balao 16,54 23,87 119,44
Acido Fluoridrico (HF) F:;ﬁ::éfﬁ?f“ expresso como HF} 3,47 3,08 0,94 1 2 4 |
Material Particulado
Material Particulado (MP) & | (mg/Nm® @ 11% O1) 32,73 28,64 28,53 10 10 30
Ciwidos de Enxofre (50) R ————————
widos de Enodfre - {502 +503 Expresso
como S04 {mg/Nm® @ 11% Oa) 68,78 73,81 81,00 50 50 200

Davidson Vale 08/22



ADVANTAGES
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RESULTS

Quality gas with continuous work

Davidson Vale 08/22



Environmental Agency

CETESB

_SGS

4. CONSIDERAGOES FINAIS

Os testes nessa instalagdo piloto gerargo informagdes para Carbogés, para esta Agéncia
Ambiental e outros interessados no processo de gaseificacao. Casu os resultados sejam adequados_

[t:ﬂd 5597w 17/082008 ,’,‘-"45!
Y .
’ , Eaamxeaa
PARECER TECNICO ek
V A : A c v Fis. RdNC 00T J016/CTAE
COMPANHIA AMBIENTAL DO ESTADO DE SAO PAUL

Av. Prof. Frederico Hermann Jr,, 345 - CEP 05458-900 - 580 Paulo - SP o

CETESB CNPJ 43,776 491/0001-70 - Insc.: Eat. 100.091,375-118 - Insc. Munic. 8.030.3137 Data: UE-M-EME
Site: www celesb.sp.gov.by

a Carbogas terd condicdes de prosseguir na instalagéo das unidades em tamanho real e cada uma
delas deverd ser objeto de processo de Iica"nciaméntn. considerando seu porte, impactos,
localizago, atendendo todos os quesitos exigidos pela legislagao ambiental aplicavel. Logicamente
espera-se que esses testes fornecam dados para.uma avaliagdo técnica, bem como econdmico-
financeira, pusslbll:tandn esclarecer aspectos sobre os possiveis retornos que uma unidade como
esta podera ter e que poderdao comprovar sua viabilidade econdmica. As alternativas de tratamento
de residuos sélidos urbanos tem que apresentar sustentabilidade ambiental, mas a auséncia de uma
sustentabilidade econémica ndo permitira sua éstabilldade no tempo, o que ndo € interessante nem
para o empreendedor e nem para 0s gestores ambientais envolvidos.




Environmental Agency

CETESB

_SGS.

GOVERNO DO ESTADO DE SAOD PAULO

SECRETARLA DO MFID AMBIENTE
CETESS - COMPANIRA AMBIENTAL DO ESTADD DE SAC PALSLO
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[BUREAU |
[ VERITAS |
MARINE & OFFSHORE DIVISION
RIO DE JANEIRO TECHNICAL CENTER

STATEMENT OF TECHNICAL
TECHNOLOGY QUALIFICATION

BV Statement no. AUD/21/127 Rev.0 ENG
GAS PLANT SCALE-UP PROJECT - Thermal Power 10 Geal/h

Based on the documentation made available by CARBOGAS ENERGIA LTDA and also on the
Technology Readiness Assessment carried out by Bureau Veritas, it has been anticipated that
no particular showstopper to the TRL (Technology Readiness Levels) 7,3 to 8,3 achievement
were found for the GAS PLANT SCALE-UP PROJECT - Thermal Power 10 Geal/h.
TRL 8 - system complete and qualified
The technology has been proven to work in its final form and under expected conditions. In almost all cases,
this TRL represents the end of true system development (e.g., complete and fully integrated technology has
been initiated at full-scale demonstration including start-up, testing, and evaluation of the system using
actual flue gas composition).
In order to validate the qualification, CARBOGAS ENERGIA LTDA provided Bureau Veritas
with design development technical documents which were taken into account in comments /
recommendations as per below mentioned Technology Assessment Report. The design
documentation verification and the attendance to the tests performed at CARBOGAS' plant,
support to Bureau Veritas the issuance of the present Statement of Qualification for the new
technology, regarding below aspects.

¥" Input raw material handling

¥ Gasification reactor

¥" Product gas separation and cleaning
v Integrated operation

The scope of Technology Readiness Assessment was developed on the basis of the
requirements of:

*  ABNT NBR ISO 16290:2015 - Space systems — Definition of the Technology Readiness
Levels (TRL) and their criteria of assessment
The results of the process, which are summarized in the technical report no. AUD/21/041

Rev.B attached to this Statement, are satisfactory, considering the comments, remarks and
limits stated on its text.

Rio de Janeiro, September 17, 2021

Leonarde Sant’Anna do Nascimento
Rio de Janeire Technical Center
Executive Manager

\
\
\

\

ENVIROMENTAL
CERTIFICATIONS

\



Any Question?

Let us Know, Thanks!!!

SHANE HENDERSON Waste Engineer
1+407-341-6005 Davidson Vale
+55(47)99953-0452






