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O crescimento do transporte aéreo e os compromissos de reducao de
emissoes de GEE na aviacao

Principais conceitos

AASTM e o desenvolvimento de normas técnicas para combustiveis de
aviacao

Especificacao internacional do QAV fdssil (ASTM D1655)

Principais ensaios para certificacao do QAV

Aprovacao de novos querosenes de aviacao alternativos: protocolo de
testes segundo ASTM D4054

Principais rotas de producao de QAV alternativo
Especificacdo internacional QAV alternativo (ASTM D7566)

O papel da ANP na promocao da producao e uso de combustiveis
sustentdveis para aviacdo (SAF)

Entendendo o potencial dos SAF: balanco de carbono dos combustiveis de

aviacao foéssil versus alternativos
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Transporte aéreo

CreSCi me nto e Segundo a IATA, o0 nimero de passageiros
. transportados aumentou 67% nos ultimos
exponencial

10 anos, sendo 8.1% de 2017 a 2018

- e Transporte aéreo é responsavel por
E MISSOes aproximadamente 2% das emissdes de
CO2 no mundo (IATA, 2018)

IATA. Anual review, 2018. Avaible in: < https://www.iata.org/publications/documents/iata-annual-review-2018.pdf >.4
Accessed on: March 24, 2019
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Compromisso Global
Reduc¢ao das Emissoes da Aviagao

2020 J l > [ 2050
- o L N & )
Melhorar a N|v§la[ o5 Cortar as
oA emissoes .
eficiéncia do . emissoes
liquidas .
uso do , liguidas pela
, através de um
combustivel, ) metade, em
. 1 crescimento N
em média, BN relacao a
1,5% ao ano. carbono 2005.
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CORSIA

A industria de aviacao civil internacional dos paises
signatarios deverao neutralizar ou compensar qualquer
emissao de CO2 acima da linha base de 2020

2024-2026

e Adesao
obrigatoria.
v

CORSIA

CARBON OFFSETTING AND REDUCTION
SCHEME FORINTERNATIONALGVIATION

e 292 fase de
adesao
voluntaria.

e 12 fase de
adesao
voluntaria.
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NDC - Compromisso brasileiro

NDC firmada na COP21 e ratificada na COP 22 e 23

e Reduzir 37% das e Reduzir 43% das
emissoes emissoes
absolutas em absolutas em
relacao a 2005 relacao a 2005.
. Y, . Y,

PARIS2015
COP21-CMP11 7
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Principais conceitos



Combustiveis Nao

Renovaveis

Combustiveis Renovaveis

A

(&) ENERGIA NUCLEAR

Também conhecida como energia atdmica, 2 energia
nuclear é obtida por meio da fissao nuclear de materiais
radioativos, como 0 uranio-235. a0<C
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COMBUSTIVEIS FOSSEIS @3

£ uma fonte de energia nao-renovavel. Os trés tipos
mais conhecidos sao o petréleo, o carvao mineral e o 200+¢
gas natural, mas a lista € muito mais extensa.

2}y ENERGIA EOLICA

Energia produzida a partir da forca do vento.

Petrdleo

Coluna de

Necessita de altos custos paraimplantagdo, ~ e destilagio
Destaques no
ENERGIA SOLAR & 2que
A energia solar é gerada a partir do sol. @ rasi

Os custos ainda sao elevados para a implantagao,
mas houve muita evolu¢ao nessa area na Gltima década.

R ;
\O/ ENERGIA HIDRELETRICA

£ a principal forma de energia utilizada no Brasil.
Trata-se do aproveitamento da dgua dos rios para
movimentar poderosas turbinas geradoras de eletricidade.

BIOMASSA (& |
Biomassa é toda matéria organica néo féssil, de ori e .
animal ou vegetal, que pode ser utilizada na produgao ; \

energia.
RESIDUOS SOLIDOS URBANOS (MSM) E GASES INDUSTRIAIS

Etanol de cana
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AAF — Alternative aviation fuel e Drop in

Alternative aviation fuel — AAF (definicdo ICAO)—> combustiveis produzidos a partir de
diferentes fontes (alternativas ao petréleo) como o carvao, gas natural, biomassa,
gorduras, 6leos hidrogenados ou matéria-prima residual, como residuos sdlidos e gases
residuais.

Possui potencial para ser produzido de forma sustentavel considerando como base o
ciclo de vida.

Drop in: Combustiveis totalmente compativeis com as aeronaves existentes e sistemas de

abastecimento de combustivel.
10
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B SAF é um AAF que atende critérios de sustentabilidade, a serem
definidos pela ICAO.

e Critérios de sustentabilidade em curso no desenvolvimento do CORSIA.

* Esses critérios serao parte do pacote de normas e praticas

recomendadas (SARPs - Standards and Recommended Practices) da
CORSIA.

®» Dois tipos de certificacdo estao associados a AAFs:

1. Certificacdo técnica N aeXDC
2' Certl Icagao e SUStenta Il a e CARBON OFFSETTING AND REDUCTION
SCHEME FOR INTERNATIONAL AVIATION
ICAQ, 2018.

https://www.icao.int/environmental-

11
protection/Documents/3_1_Implementation%200f%20low%20emissions%20measures%20sustainable%20aviation%20fuels.pdf
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Combustivel Alternativo e Bioquerosene - Brasil
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LEl 12.490/2011:

Apenas os derivados de biomassa sao biocombustiveis.

RANP 778/2019:

Querosene de Aviagao Alternativo (QAV alternativo): combustivel derivado de fontes
alternativas, como biomassa, gases residuais, residuos sélidos, carvao e gas natural,
destinado ao consumo em turbinas de aeronaves
(Ex: FT de carvdo - é alternativo, mas néo é bioquerosene)

Assim...

Bioquerosene de Aviacgao (BioQAV): QAV alternativo derivado de biomassa renovavel
(Ex: HEFA, SIP e FT de biomassa) .
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Outras defini¢coes
» Gasolina de aviagao (GAV): gasolina (mistura de HCs de C; a C,,)

destinada ao uso em aeronaves dotadas de motores do ciclo Otto

Tabela | - Especificacéo da Gasoclina de Aviacéo - GAYV 100 LL

RANP n° 5/ 2009 CARACTERISTICAS UNIDADE LIMITES METODOS
ABNT ASTM
Aparéncia
Aspecto Claro, limpido, Visual

isento de agua e
material solido

Cor(1), ou Azul - D2392

Cor(1), Lovibond 1,7-3,5 - P17

Poder antidetonante

Mistura pobre, Numero 99,6 - D2700

de Octano, min.(2)

indice de desempenho, 130 - D909

min. (2)

Chumbo Tetraetila, max. g Ph/L 0,56 - D3341
mL/L 0,53 D5059

Poder Calorifico Inferior, MJ/kg 43,5 - D1405

min. D3338
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Outras defini¢coes

LL: low lead

VLL: very low lead

TABLE 1 Detalled Requirements for Aviation Gasollnes”

5 € EMBRAER

 ——
Grade Grade Grade Grade Grade ASTM Test
80 91 100VLL 100LL 100 Method®
Octane Hatings
Knock value, lean mixture®
Motor Octane Number min 80.7 a0.8 90.8 go.6 g90.6 D2700
Aviation Lean Rating min 80.0 81.0 100.0 100.0 100.0 D2700
Knock value, rich mixture
Octane number min a7 a8 Doa0g
Performance number”:# min 130.0 130.0 130.0 Doa0ng
Tetrasthyl lead, mL 03341 or D&0OED
TEL/L max 013 0.53 0.43 0.53 1.06
gPbiL max 014 0.56 0.45 0.56 1.12
Color red brown blue blue green D2382
Dye content™
Blue dye, mg/L miax 0.2 31 27 27 27
Yellow dye, mg/L miax none none none nong 28
Red dye, mg/L max 23 27 none nong none
Orange dye, mg/L max none 6.0 none nong none
— 14
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Outras defini¢coes

» Querosene de aviacdo (QAV-1): combustivel de origem féssil
(mistura de HCs na faixa de C; a Cy4) , denominado

internacionalmente de Jet A-1, destinado exclusivamente ao

consumo em turbinas de aeronaves;

- Jet A: ponto de congelamento -40 °C

- Jet A-1: ponto de congelamento -47 °C

15



(iﬁcusnomgnﬁ € EMBRAER
anp

Composicao dos principais derivados

Carbon Number
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Boiling Point (°C)
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Composicao do QAV

Compound Hydrocarbon Boiling Point, Freezing Point,
Name Formula Class °%€L (°F) i ® (°F)
n-Octane CgHig n-Paraffin 1257 (258.2) -56.8 (-70.2)
2-Methylheptane CyHig Isoparaffin 117.6  (243.8) -109.0 (-164.3)
1-Methyl-1-

ethylcyclopentane CgHqe Naphthene 121.5 (250.7) -143.8 (-226.8)
Ethylcyclohexane CgHie Naphthene 131.8  (269.2) -111.3  (-168.4)
0-Xylene CgHypo Aromatic 1444  (292.0) —-25.2 (—-13.3)
p-Xylene CgHqo Aromatic 138.4  (281.0) +13.3 (+55.9)
Cis-Decalin CioH1g Naphthene 195.8 (384.5) -43.0 (-45.4)
Tetralin CioHi,  Aromatic 207.6  (405.8) -3 (=8
Naphthalene CioHg Aromatic 217.9 (424.3) +80.3 (+176.5)
n-Dodecane Ci2Hzs n-Paraffin 216.3  (421.4) -96 (+14.8)
2-Methylundecane CyoHs Isoparaffin 210.0  (410.0) -46.8 (-52.3)
1-Ethylnaphthalene CioHpp Aromatic 258.3  (497.0) -13.8 (#7.1)
n-Hexylbenzene CioHig Aromatic 2261 (439.0) -61.0 (=77.8)
n-Hexadecane CigH34a n-Paraffin 286.9 (548.4) +18.2 (+64.7)
2-Methylpentadecane CigH3a Isoparaffin 281.6  (538.9) -7.0 (+19.4)
n-Decylbenzene CieHo6 Aromatic 297.9 (568.2) -14.4 (+6.1)
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Composicao do QAV
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m n-Paraffins (20%) ] Hy
5 M Iso-Paraffins (27%)
B CycloParaffins (25%)

® Dicyclo-Paraffins (8%)
B Tricyclo-Paraffins (<1%)
® Alkyl-Benzenes (14%)

B Cyclo-Aromatics (5%)
B Naphthalenes (2%) |

PERCENT OF FUEL
(2]

1

c7 c8 c9 €10 ¢C€11 cC12 C13 Ccl4 (C15 Cls C17 cCa8
CARBON NUMBER
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Producao de QAV

Gas and
Light Gasoline

Crude
il

Atmospheric Distillation

AGO

Vacuum
Distillation

Residuum

Asphalt

LPG
Light Ends Butanes
Plant
Light Straight-Run Gasoline
Isomerization Isomerate
Plant
Gasoline
Naphtha rmat
£ Reformer Reformate
Alkylation Alkylate
Plant
Kerosine
Merox® Treating
- Jet
Hydrotreater
Diesel
Hydrocracker
Diesel
, Catalytic
veo Cracker
Coker Hydrotreater
Fuel Oil

Coke 19
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> Processo Merox
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2RSH + 2NaOH —> 2 NaSR + 2 H,0
4NaSR + O, + 2H,0 —> 2 RS-SR + 4 NaOH

enxofre mercaptidico é convertido a dissulfeto

> Hidrotratamento

H, e catalisador

Processo mais utilizado para produzir QAv

» Hidrocragueamento

Mais caro, mas tem vantagens, pois favorece a producao do
QAwv.

Diminui a lubricidade 20




[.] %&%ﬁgﬂfng € EMBRAER
anp

Historico

» Querosene iluminante: primeiro combustivel usado em turbinas de

avioes porque a gasolina era usada na guerra

» Apbs 22 Guerra Mundial: Forca Aérea americana (US AF) passou a usar
combustivel “wide-cut” (mistura entre gasolina e o querosene)

Desvantagens do “wide-cut”:

- Maior perda de volateis em elevadas altitudes

- Maior risco de incéndio durante o manuseio em terra

» Anos 70 a US AF volta para o querosene

JP-4 para o JP-8

21
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Especificacoes QAV

Combustivel Uso Especificacao Ponto fulgor | Ponto congelamento
Jet A Civil (EUA) ASTM D1655 38 °C min. - 40 °C (max.)
Jet A-1 Civil (maioria dos | ASTM D1655 38 °C min. - 47 °C (max.)

paises) Def Stan 91-091
Jet B Civil (Alasca e ASTM D6615 * - 47 °C (max.)

Canada)
P-4 Militar (US AF) MIL-DTL-5624 * - 58 °C (max.)
JP-5 Militar (US Navy) | MIL-DTL-5624 60 °C min. -46 °C (max.)
JP-8 Militar (US AF) MIL-DTL-83133 38 °C min. -47 °C (max.)

* Nao requerido na especificacao

€ EMBRAER

» Aviacdo civil: especificacoes da ASTM e do MOD (Def Stan) sdao referéncia

para as especificacoes de QAv em todo o mundo

» Joint Checklist : une os mais restritivos requerimentos de Jet A-1 da D1655 e a

Def Stan 91-091

22
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ASTM

»A ASTM International, antes American Society for Testing and Materials, é
uma associacao de normas de consenso internacional, sem fins lucrativos,

gue coleta, padroniza e dissemina informacdes técnicas.

»Fundada em 1898, conta com mais 30.000 membros em todo o mundo, os
guais representam produtores de combustiveis, OEMs, fabricantes de

equipamentos e 6rgaos de governos.

» Atividades: i) Normalizacdo; ii) Certificacao (produtos, servicos, sistemas e
pessoas); iii) Provimento de ensaios de proficiéncia; iv) Publicacdes técnicas

diversas e v) Capacitacao
23
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»As normas da ASTM sao usadas no mundo todo.
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> 145 comités técnicos

»Comité D02 (Produtos de petréleo, combustiveis liquidos e lubrificantes) existe

desde 1904 e conta atualmente com cerca de 2500 membros.

-2 reunides por ano, com cerca de 1000 participantes (produtores de combustiveis e
lubrificantes, OEMs, fabricantes de equipamentos, outras associacdes e drgaos de governo)

de varios paises.
-Mais de 800 normas sob sua jurisdicao
-Mais de 30 subcomités

-Suas normas técnicas sao referéncia para especificacdes e métodos de ensaio em todo o

mundo (D86, D2700, D2892, D5453, D975, D1655, etc)

24
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»Subcomités designados por nimeros: métodos de ensaio

D02.03: Elementos
D02.04: Cromatografia
D02.08: Volatilidade

»Subcomités designados por letras: especificacao
D02.A0: Gasolina

D02.J0: Combustiveis de aviagao
-D02.J0.01: Especificagoes de QAV

-D02.J0.02: GAV

-D02.J0.03: Combustdo e propriedades térmicas
-D02.J0.04: Aditivos e propriedades elétricas
-D02.J0.05: Limpeza de combustiveis

-D02.J0.06: Novos combustiveis (bioquerosene) =
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Especificacoes QAV

» QAV é uma mistura de hidrocarbonetos bastante complexa para ser
especificado por composicao;

» Sua especificacdo é descrita por testes de performance que sao:
Empiricos

Baseados em experiéncia e historico

Desenvolvidos para evitar problemas especificos

» A especificacdo enfatiza a importancia dos aspectos do sistema;
» A especificacdo do QAV é dividida em:

Bulk properties

Trace properties

26
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Especificagcoes QAV D1655

This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

Designation: D1655 - 19

INTERNATIONAL

Standard Specification for
Aviation Turbine Fuels'

An American National Standard

This standard is issued under the fixed designation D1655: the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (£) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the U.S. Depariment of Defense.

1. Scope*

1.1 This specification covers the use of purchasing agencies
in formulating specifications for purchases of aviation turbine
fuel under contract.

1.2 This specification defines the minimum property re-
quirements for Jet A and Jet A-1 aviation turbine fuel and lists
acceptable additives for use in civil operated engines and
aircrafts. Specification D1655 is directed at civil applications.
and maintained as such, but may be adopted for military,
government or other specialized uses. Guidance information
for these other applications is available in the appendix.

1.3 This specification can be used as a standard in describ-
ing the quality of aviation turbine fuel from production to the
aircraft. However, this specification does not define the quality

1.8 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.9 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:’
D36 Test Method for Flash Point by Tag Closed Cup Tester

€ EMBRAER

27
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Especificacoes QAV D1655

Property

Jet Aorlet A-1

Test Methods

COMPOSITION

Acidity, total mgKOH/g
1.Aromatics, percent by volume
1.Aromatics, percent by volume
Sulfur, mercaptan, percent by mass
Sulfur, total percent by mass

VOLATILITY
Distillation temperature, °C

10 % recovered, temperature
50 % recovered, temperature
90 % recovered, temperature
Final boiling point, temperature
Distillation residue, %
Distillation loss, %

Flash point, °C

Density at 15 °C, kg/m3

FLUIDITY
Freezing point, °C

Viscosity — 20 °C, mm?/s

max
max
max
max
max

max

max
max
max
min

max

max

0.10
25
26.5
0.003
0.30

205
Report
Report
300

15

15

38

775 to 840

-40 Jet A
-47 Jet A-1
8

D3242/IP 354

D1319 or IP 156

D6379/IP 436

D3227/IP 342

D1266, D2622, D4294, D5453 or IP 336

D86, D2887/IP 406, D7344, D7345, 1P 123

D56, D93, D3828,IP 170 or IP 523
D1298/IP 160 or D4052 or IP 365

D5972/1P 435, D7153/IP 529, D7154/IP
528 or D2386/IP 16
D445/IP 71, Section 1, D7042 or D7945

28
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Continuacao

COMBUSTION

Net heat of combustion, MJ/kg min 42.8 D4529, D3338, D4809 or IP 12
One of the following requirements shall be met:

(1) Smoke point, mm, or min 25 D1322/IP 598

(1) Smoke point, mm, min 18 D1322/1P 598

(2) and Naphthalenes, vol, % max 3 D1840

CORROSION

Copper strip, 2h at 100 °C max No 1 D130/1P 134

THERMAL STABILITY
2.5 h at control temperature of 260 °C min)

Filter pressure drop, mm Hg max 25

Tube rating: One of the following requirements D3241/1P 323
shall be met

(1) Annex A1 VTR, VTR Color Code less than 3 (no peacock or abnormal

color deposits)
(2) Annex A2 ITR or Annex A3 ETR, max 85
mm average over area of 2.5 mm?

CONTAMINANTS

Existent gum, mg/100 mL max 7 D381, IP 540
Microseparometer, Rating D3948
Without electrical conductivity additive min 85

With electrical conductivity additive min 70

ADDITIVES

Electrical conductivity, pS/m D2624/IP 274 29
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Principals ensaios para
certificacao do QAV

30
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Especificacoes: QAV D1655 e RANP 778/2019

» Bulk properties

Propriedades que requerem maiores mudang¢as na composi¢ao para o
ensaio ser impactado.

- Volatilidade

- Operacao sob baixas temperaturas

- Propriedades de combustao

- Densidade

31
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anp Propriedades Bulk

» Volatilidade
* Destilacao
Medida de capacidade de evaporacao do combustivel.

Importante para seguranca.

Método: ASTM D86 — Destilacdao sob pressao atmosférica

Outros métodos aceitos

- ASTM D2887 — Destilacao simulada (CG)
Coluna cromatografica separa os componentes por ordem de P.E.

- ASTM D7345 — Destilacao sob pressao atmosférica (método micro)

Ambos devem ser correlacionados com a D86.

32
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anp Propriedades Bulk
» \Volatilidade

* Ponto de fulgor

Relacionada a seguranca no manuseio do combustivel

Método: ASTM D56 — Tag

Outros métodos aceitos

- ASTM D93 — Pensky Martens
Limitacao é o escopo: 40 °C a 360 °C.
- ASTM D3828 — Small Scale Closed Cup
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Propriedades Bulk

» Baixas temperaturas
* Ponto de congelamento

Menor temperatura na qual o combustivel esta 100 % liquido e uma unica fase

Método: ASTM D2386 — Ponto de congelamento em combustiveis de aviacao (manual)

Outros métodos aceitos:

-ASTM D5972 — método de transicao de fase
automatico

- ASTM D7153 — automatico fibra optica

- ASTM D7154 — automatico laser

34
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anp Propriedades Bulk

» Baixas temperaturas

* Viscosidade a-20 °C

Resisténcia ao fluxo, afeta a atomizacao em bocais.

Método: ASTM D445 — viscosidade cinematica

Outros métodos aceitos:
- ASTM D7042 — Stabinger

- ASTM D7945 — viscosidade dindmica e cinematica derivada
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Propriedades Bulk

» Propriedades de combustdo

 Ponto de fuligem

Correlacionada com a vida util das partes quentes e formacgao de fumaca

Método: ASTM D1322 — ponto de fuligem

 Naftalenos

Anéis aromaticos irradiam mais energia na queima.

Método: ASTM 1840 — Naftalenos em querosene de aviagcao por espectrofotometria UV
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» Propriedades de combustao

 Aromaticos
Fornece uma medida bruta da qualidade de combustao

e afeta vedagoOes

* Também poderia entrar na parte de compatibilidade
Métodos aceitos: i
- ASTM D1319 - FIA (max. spec. 25 % v/v) |

-ASTM D6379 — HPLC-IR (max. spec. 26,5 % v/v)

Obs: para blends com renovaveis, também ha min.
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Propriedades Bulk

» Propriedades de combustdo

* Poder calorifico

Da medida liguida (corrigida) da qualidade de combustao

Método: ASTM D4809 — calorimetro

Outros métodos aceitos:

- ASTM D4529 — calculado a partir da densidade e do ponto de anilina

- ASTM D3338 — calculado a partir da densidade, ponto ebulicao médio e aromaticos

38
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Propriedades Bulk

» Densidade

Combustivel € medido e vendido em base volumétrica, mas o desempenho da
aeronave é determinado em base massica.

Métodos aceitos:

- ASTM D1298 — hidrometro

- ASTM 4052 — densimetro digital
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Propriedades Bulk
» Enxofre
* Total
Seu controle visa evitar possivel corrosdao de partes metalicas da aeronave e também

controlar a poluicao do ar.

Métodos aceitos:
- ASTM D1266 — método da lampada - ASTM D2622 — XRF (Horiba)
- ASTM 4294 — EDXRF - ASTM D5453 — UV (Multitek)

* Mercaptidico
Sao reativos com certos elastomeros.

Método: ASTM D3227 — titulacdao potenciométrica

* Também poderia entrar na parte de compatibilidade (trace properties)
40
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Propriedades Trace

Propriedades bastante sensiveis a contaminacdes em niveis de tracos
- Estabilidade

- Separacao de agua

- Limpidez

-  Compatibilidade

- Lubricidade

- Condutividade elétrica

9.2 A number of jet fuel properties, including thermal
stability, water separation, electrical conductivity, and others,
ASTM D1655 S Y S i iangreiivives D il

are very sensitive to trace contamination, which can originate
ASTM D7566 from sample containers. For recommended sample containers,

refer to Practice D4306.
41
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Propriedades Trace

» Estabilidade

* Estabilidade térmica
Turbinas comerciais sao de longa duracdo e tém longos intervalos de manutencao,

sendo que a estabilidade térmica é fator determinante destes intervalos de
manutencao.
Método: ASTM D3241 — JFTOT

Método ainda tem limitagdes, relacionadas ao design instrumental.

GTs em curso no Sub J da ASTM para rever aspectos da norma, sobretudo os

metroldgicos.
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Propriedades Trace

» Estabilidade

* Goma
Material dissolvido no combustivel que deposita durante o armazenamento sob

temperaturas mais baixas, sendo o resultado de oxidacao a longo prazo.

Método: ASTM D381 — goma atual
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Propriedades Trace
» Compatibilidade

e Acidez

Possivel corrosao a componentes da aeronave.

Meétodo: ASTM D3242 — acidez em querosene de aviacao

 Corrosividade ao cobre

Corrosividade de um combustivel ao cobre indica que o combustivel pode atacar
componentes de cobre e bronze. O cobre também tem sido implicado em niveis muito

baixos em causar falhas no JFTOT.

Método: ASTM D130 — [amina de cobre

*Aromdticos, enxofre total e mercaptidico também estdo relacionados a

compatibilidade do combustivel com componentes da aeronave. a4
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Propriedades Trace

» Separacdo de dgua
* indice de separacdo de dgua (MSEP)
Simula desempenho de filtros-separadores (F-S) sob condicdes aceleradas. Visa

mostrar a degradacao de desempenho de F-S devido a presenca de surfactantes.

Vale lembrar que a D1655 é uma especificacao para a refinaria.
Método: ASTM D3948 — separdbmetro portatil

Outros métodos:

- ASTM 7224 — MCell

Aceito na distribuicao e revenda.
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Propriedades Trace

» Condutividade elétrica

Garante que a condutividade do combustivel e suficientemente elevada para

dissipar, com seguranca, as cargas estaticas.

Método: ASTM D2624 — condutividade elétrica por medidor de campo

MODEL 1152
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Propriedades Trace

» Lubricidade

Importante para componentes do motor. Pode ser corrigida pelo uso de um

aditivo.

Combustiveis hidrocragueados geralmente tém lubricidade muito baixa, o

que pode ser um problema para aeronaves mais antigas

Método: ASTM D5001 - BOCLE
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Propriedades Trace

» Limpidez

Limpidez (limpeza) do combustivel é dinamica, ou seja, ela constantemente é

afetada ao longo do transporte e da distribuicao.

A industria do QAv utiliza muitos sistemas de filtracao até o ponto de abastecimento

da aeronave.
Métodos principais:
- ASTM D2276 — contaminante particulado por filtracao em linha

- ASTM D5452 — contaminante particulado por filtracdo em laboratoério
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Ensaios complementares

ENSAIOS COMPLEMENTARES (29)
IP 583
. ;o _ [P585
Teor de biodiesel, max. (30) mg/kg 50 - IP 590 D7797
[P 599
Aditivo redutor de arrasto em . .
dutos (DRA), méx. ng/l 72 - - D7872

* Biodiesel: preocupacao para uso de sistemas de distribuicao nao dedicados.
- Limite de 100 mg/kg foi inicialmente rejeitado na ASTM.
- Método de referéncia: IP 585 — CG-MS

e Aditivo redutor de arrasto: DRA s3ao usados em dutos nao dedicados e seu
controle visa evitar eventual contaminacao.

- Método: cromatografia de permeacdo em gel (GPC)

49
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Semelhante a norma ASTM D1655, porém
mais restritiva.

e Diferencas:

>

>

Particulas Contaminantes: max 1,0
mg/l (ndo especificado pela D1655)

Condutividade Elétrica: 50 a 600 pS/m.
Limite € atingido a partir da adicao de
aditivo antiestatico (D1655 exige tais
limites apenas para o caso do
combustivel ser aditivado com
antiestatico, nao sendo obrigatério)

Defence Standard 91-091 Ministério da Defesa do Reino Unido

Ministry
of Defence

Defence Standard 91-091

Issue 09 Date: 03 October 2016

Turbine Fuel, Aviation Kerosine Type, JET A-1

NATO Code: F-35

Joint Service Designation: AVTUR

50
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Joint Inspection Group (JIG) - Boletim n2 117

Joint Inspection Group (JIG) > Grupo de desenvolvimento de padrdes de
fornecimento de combustivel para a aviacao, cobrindo toda a cadeia de

suprimento de combustiveis de aviacao, desde a refinaria até o
abastecimento das aeronaves.

Boletim n?2 117 - Consolidado da ASTM D1655 e Defence Standard 91-091.

Product Quality Bulletin JIG

jigonline.com

Aviation Fuel Quality Requirements for
Bulletin No 117 Jointly Operated Systems

12" November 2018
(AFQRJOS): Issue 30 — Nov 2018

JOINT FUELLING SYSTEM CHECK LIST FOR JET A-1

Issue 30 = October 2018
Supersedes Issue 29 - October 2016 51
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Querosenes de aviacao

alternativos

52
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Por que usar combustiveis alternativos a partir de fontes renovaveis ?
v" Diminuir os niveis de emissdes de GEE
v" Diminuir a dependéncia do petrdleo

v’ Diversificar matérias-primas

Novos combustiveis devem ser drop-in: sem necessidade de mudancas
nos componentes das aeronaves e em sistemas da distribuicao de

combustiveis

Criada a ASTM D7566

53



\l’ JA REDE

%) BIOQUEROSENE E

This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

Designation: D7566 - 19

INTERNATIONAL

Standard Specification for

An American National Standard

Aviation Turbine Fuel Containing Synthesized

Hydrocarbons'

This standard is issued under the fixed designation D7566; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (g) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope*

1.1 This specification covers the manufacture of aviation
turbine fuel that consists of conventional and synthetic blend-
ing components.

1.2 This specification applies only at the point of batch
origination, as follows:

1.2.1 Aviation turbine fuel manufactured, certified, and
released to all the requirements of Table 1 of this specification
(D7566), meets the requirements of Specification D1655 and
shall be regarded as Specification D1655 turbine fuel. Dupli-
cate testing is not necessary: the same data may be used for
both D7566 and D1655 compliance. Once the fuel is released
to this specification (D7566) the unique requirements of this
specification are no longer applicable: any recertification shall
be done in accordance with Table 1 of Specification D1655.

hydrocarbons and lists acceptable additives for use in civil
operated engines and aircrafts. Specification D7566 is directed
at civil applications. and maintained as such. but may be
adopted for military, government. or other specialized uses.

1.4 This specification can be used as a standard in describ-
ing the quality of aviation turbine fuel from production to the
aircraft. However. this specification does not define the quality
assurance testing and procedures necessary to ensure that fuel
in the distribution system continues to comply with this
specification after batch certification. Such procedures are
defined elsewhere, for example in ICAO 9977, E/JIG Stan-
dard 1530, JIG 1, JIG 2. API 1543, API 1595, and ATA-103.

1.5 This specification does not include all fuels satisfactory
for aviation turbine engines. Certain equipment or conditions
of use may permit a wider. or require a narrower, range of

€ EMBRAER
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Table A2.1
Property HEFA-SPK Test Methods
COMPOSITION
Acidity, total mgKOH/g max 0.015 D3242/IP 354
VOLATILITY
Both of the foloowing requirements shall be met:
1. Physical Distillation
Distillation temperature, °C D86, D2887/IP 406, D7344, D7345, IP 123
10 % recovered, temperature max 205
50 % recovered, temperature Report
90 % recovered, temperature Report
Final boiling point, temperature max 300
Distillation residue, % max 1.5
Distillation loss, % max 1.5
2. Simulated Distillation
10 % recovered, temperature Report
50 % recovered, temperature Report
90 % recovered, temperature Report
Final boiling point, temperature Report
Flash point, °C min 38 D56, D93, D3828, IP 170 or IP 523
Density at 15 °C, kg/m?3 730 to 770 D1298/IP 160 or D4052 or IP 365
Freezing point, °C max -40 D5972/1P 435, D7153/IP 529, D7154/IP
528 or D2386/IP 16
Existent gum, mg/100 mL max 7 D381, IP 540
FAME, ppm max <5 IP 585 or IP 590

€ ]
g
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Table A2.1 - continuacgao

Property HEFA-SPK Test Methods
Thermal Stability (2.5 h at control temperature )
Temperature, °C Min 325 D3241/IP 323
Filter pressure drop, mm Hg Max 25
Tube rating: One of the following requirements
shall be met
(1) Annex Al VTR, VTR Color Code Less than |3 (no peacock or
abnormal color deposits)
(2) Annex A2 ITR or Annex A3 ETR, Max 85
mm average over area of 2.5 mm?
ADDITIVES
Antioxidant, mg/L Min 17 D2624/IP 274
Max 24
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Table A2.2

Property HEFA-SPK Test Methods
Hydrocarbon Composition
Cycloparaffins, mass percent Max 15 D2425
Aromatics, mass percent Max 0.5 D2425
Paraffins, mass percent Report D2425
Carbon and hydrogen, mass percent Min 99.5 D5291
Non-Hydrocarbon Composition
Nitrogen, mg/kg Max 2 D4629/1P 379
Water, mg/kg Max 75 D6304 or IP 438
Sulfur, mg/kg Max 15 D5453 or D2622
Metals (Al, Ca, Co, Cr, Cu, Fe, K, Mg, etc), mg/kg |Max 0.1 per metal D7111 or UOP 389
Halogens, mg/kg Max 1 D7359
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Id Matéria-prima Produtos % no QAv Status Produtores
FT-SPK Carvao ou Gas Iso & N-parafinas 50 ASTM D7566 SASOL,
Natural ou Biomassa Anexo Al Syntroleum, Shell
HEFA Oleos e gorduras Iso & N-parafinas 50 ASTM D7566 UOP, Syntroleum,
Anexo A2 Neste,
SIP Acucar Iso-Parafina 10 ASTM D7566 Amyris
Anexo A3
FT-SPK/A Carvao ou Gas Iso, N-parafinas e 50 ASTM D7566 SASOL,
Natural ou Biomassa aromaticos Anexo A4 Syntroleum, Shell
AT)J Etanol e Butanol Iso & N-parafinas 50 ASTM D7566 GEVO, Cobalt,
Anexo A5 Lanzatech, Biogy
CHJ Oleos e gorduras Iso, N- e ciclo- - ASTM D7566 ARA, Chevron
parafinas e Anexo A5
aromaticos (em votacao)
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Rotas em teste

Id Matéria-prima Produtos % no QAv Status Lider do Task
Force
SAK Acucar Iso, N-parafinas e - Tier 1 e 2 concl. Virent
aromaticos Aval. OEMs
|H?2 Residuos celuldsicos Iso, N- e ciclo- - Tierle?2 Shell
parafinas e
aromaticos
HFP-HEFA Oleos e gorduras Iso & N-parafinas - Tier 1 e 2 concl. Boeing
+ rico em N-paraf. Aval. OEMs
ATJ-SKA Etanol e Butanol Iso, N-parafinas e - Tierle?2 Swed Biofuels
aromaticos
IHI Bb Qil Microalgas Iso & N-parafinas - Tierle?2 [HI
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FT-SPK - Anexo A1 da D7566

. Gaseif. . . Hidrotr. .
Gas Natural, Gas de Sintese C.-Cooo Cs-Cyg Fracion. | 1 spk
Carvao, Biomassa (COeH,) n-paraf. e olef. iso- e n-paraf.

HEFA-SPK - Anexo A2 da D7566

Rotas aprovadas na ASTM

Hidrot.

3 Press. Deoxig. Hidrotr.
[ Oleos e gorduras Triglicerideo CirCs Cs-Cis

Fracion. HEFA SPK
n-paraf. iso- e n-paraf.

SIP - Anexo A3 da D7566

] Hidroproc

[ Ferment. . [ ]
Agucar )\/\)\/\/L/J > W\/ (SIP)
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p Rotas aprovadas na ASTM

FT-SPK/A - Anexo A4 da D7566

: Gaseif. Hidrotr. -
Gas Natural, Gas de Slntes C,-Cooo Cs-Cyg Fracion, | -1 SPK/A
Carvao, Biomassa (COe Hz) n-paraf. e olef. iso- e n-paraf.

Alquilacao

ATJ - Anexo A5 da D7566
Hidrogen.

[ Butanol ]Desidratacéo( Olefinas ] Oligomer.\[ Cy-Cuc ]&Fracion.\[ ATJ SPK ]

Etanol J L (C,-Cs) J iso-olefin. J 1
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Em votacao na ASTM

e CHJ (Catalytic Hydrotermolysis Jet)
Empresa: ARA

3 . L} A 4
H ) oam
e e N A AAR "E
'rﬂ.r«-ﬁm F N aaandll —
Waste Oils/ = =) =
Energy Qils =
CH Hydrocarbon S
Product ES
HCU Reactor ' '/  CHReactor Lruge =

Clean Up Cracking and Hydrotreater
Cyclization Olefin Saturation Distillation "™

& Deoxygenation

Esquema do processo CHJ*
Ao final, cicloparafinas e aromaticos sao formados no processo

*Figura obtida de www.readifuels.com/ARA-CH-technology.html 62
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Processos em testes

*SAK (Synthesized Aromatic Kerosene)
Empresa: Virent
Estagio atual de testes: Avaliacao pelos OEMs apds Tier 1 e 2 da D4054

Virent
Y » Aromatics — .
Production Gasoline
| Conventional .
Sugars 2 Virent s
tc;m“:am i o Aromatics
-ane ugar, Processin
Beet Sugar) i (SAK)
Light
Cycle Qil

Esquema do processo SAK*

63
Figura adaptada de www.platts.com
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Processos em testes

*HFP-HEFA (High Freeze Point HEFA)
Empresa: GreenDiesel
Estagio atual: avaliacao pelos OEMs apos Tier 1 e 2 da D4054

Resumo do processo: o mesmo processo do HEFA (Anexo A2 da ASTM D7566),
mas com maior teor de n-parafinas mais longas (n-C18)

e ATJ - SKA
Empresa: Biogy
Estagio atual: Tier 1 e 2 da ASTM D4054

Resumo do processo: ATJ (Anexo A5 da ASTM D7566) com producao
de aromaticos. O objetivo é conseguir futuramente aprovacao para blends
com QAv féssil maiores que 50 %.
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e Bb Oil
Empresa: IHI Corporation
Estagio atual: Tier 1 e 2 da ASTM D4054

Processos em testes

Resumo do processo: HEFA tradicional, (Anexo A2 da ASTM D7566), mas a
partir de microalgas.

e CPK IH?
Empresa: Shell
Estagio atual: Tier 1 e 2 da ASTM D4054

Resumo do processo: processo termoquimico catalitico composto de
hidropirdlise e hidrotratamento. O produto obtido &€ majoritariamente C9 a
C13, com predominio de nafténico e di-nafténico.
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Aprovacao de um novo combustivel
ASTM D4054

» Qualificacdo e aprovacao de novos combustiveis e aditivos

- Objetivo do programa de testes é assegurar que o candidato a combustivel ou
aditivo nao tera impacto negativo na seguranca, durabilidade e desempenho
do motor e da aeronave;

- O processo de aprovacao requer avaliacao de diversos OEMs da cadeia e do
FAA — Federal Aviation Administration. No entanto a avaliacao da tecnologia
candidata serda também avaliada por representantes da industria do petrdleo,
aeroespacial, agéncias governamentais (civis e militares) e demais membros
votantes do subcomité D02.J.

- O responsavel pela tecnologia candidata deve apresentar ao D02.J um
conjunto de dados robustos que demonstrem a viabilidade inicial da
tecnologia e requerer a abertura de um Task-Force junto a sessdao “Emerging
Turbine Fuels”.
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Proposta para combustivel sintético com propriedades e caracteristicas

Aprovacao de novo combustivel - ASTM D4054

tipicas de combustiveis ja aprovados teria os seguintes teste:
e Informacado sobre matéria-prima e processo produtivo

e (Caracteristicas especificadas na Tabela da D1655

e Teor de aromaticos entre 8 — 25 % v/v

e Composicao quimica detalhada

e Teores de contaminantes (por exemplo, metais)
Testes RR Avaliacao Avaliacao ASTM
simplif. OEMs FAA

Seriam misturados ao QAv féssil em menores proporg¢des (10 % v/v ?). ¢
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ASTM D4054 Aprovac¢ao de novos combustiveis e aditivos

 ASTM publishes six different types of standards: test method,
specification, classification, practice, guide, and terminology.*

— SPECIFICATION: An explicit set of requirements to be satisfied by a
material, product, system or service (D1655, D7566)

— PRACTICE: A definitive set of instructions for performing one or more
specific operation that does not include a test result (D4054).

ﬁglw DeSignation: D4054 - 16 An American National Standard
i’

L]
INTERNATIONAL

Standard Practice for
Qualification and Approval of New Aviation Turbine Fuels
and Fuel Additives’

This standard is issued under the fixed designation D4054; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (g) indicates an editorial change since the last revision or reapproval.

Fonte: *ASTM Standardization News
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D4054 —Processo de aprovacao de combustiveis e aditivos

Test Program OEM Internal Review Specification Change
Start |
Y I
Specification OEM :;é?t%:gl ASTH
; i Internal :
Fail | Properties Rl Data As — Review
eview i
Required & Ballot
Y
: —
Fail pF‘t For Reject or
Wpase | Additional
Properties Rei ct— Data
(FFP) €I |As Required
Y
ASTM
Fail | Component - ki
or Rig Specification
Test S o
i OEM
Specification
. . Report to OEM Report > and/or
Feil | Engine Pass ol OEMs L/_ Service Bulletin

The purpose of the test program is to ensure that the candidate fuel or additive will
have no negative impact on engine safety, durability, or performance. 69
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Programa de Testes
de Qualificacao

BloduénossNE E

Tier 1
Fuel Specification Properties
Relating to Engine and Airplane
Safety, Performance and Durability
(ASTM D 1655/Def Stan 91-91,
Mil-DTL-83133, Mil-DTL-5624)

|
No Effect/Positive Effect

Negative Effect

Tier 2
Fit-for-Purpose Properties
CHEMISTRY
« Hydrocarbon Chemistry (carbon
number, type and distribution)

« Trace Materials

BULK PHYSICAL AND

PERFORMANCE PROPERTIES

« Boiling Point Distribution

« True Vapor Pressure vs.
Temperature

« Thermal Stability Breakpoint

« Lubricity

* Response to Lubricity Improver

« Viscosity vs. Temperature

« Specific Heat vs. Temperature

» Density vs. Temperature

« Surface Tension vs. Temperature

« Isentropic Bulk Modulus vs.
Temperature

« Thermal Conductivity vs. Temp.

« Water Solubility vs. Temperature

« Air Solubility (oxygen/nitrogen)

ELECTRICAL PROPERTIES
« Dielectric Constant vs. Density
« Electrical Conductivity and
Response to Static Dissipator

GROUND HANDLING / SAFETY
« Effect on Clay Filtration
« Filtration (coalescers & monitors)
« Storage Stability
- Peroxides
- Potential Gum
« Toxicity
« Flammability Limits
* Autoignition Temperature
« Hot Surface Ignition Temperature

COMPATIBILITY
« With Other Approved Additives an
Fuels
« With Engine and Airframe Seals,

Coatings and Metallics

|
Unacceptable

€ EMBRAER

Acceptable

Reject Fuel or
Additive
File Report

OEM Approval

Concensus

Incorporate into Fuel |::
Specification with FAA |

Yes

Y

Revised 6/24/2016 TB8

Tier 3
Component Tests*
TURBINE HOT SECTION
Oxidative or Corrosive Attack On
Turbine Blade Metallurgy and Coatings
(Burner Rig Test)

FUEL SYSTEM
« APU Cold Filter
« Fuel Control
« Fuel Pump
 Fuel Nozzle
« APU Cold Filter Test
« Fuel Gauging

COMBUSTOR RIG TESTS
« Cold starting, sea level to 10,000 feet
* Lean Blowout
* Aerial Restarting
« Turbine inlet-temperature distribution
« Combustor Efficiency
« Flow path carboning/plating
« Emissions
* Auxiliary Power Unit altitude starting

/—\Anomalies

No Anomalies

Engine Test
Required?

Yes

¥

Tier 4
Engine Test*

= Anomalies -1

* Testing must be performed at P&W, GE, Rolls Royce, Snecma, Honeywell, or in other locations per OEM agreement due to proprietary concerns and test methods.
Note 1—Additive testing to be performed at 4x the concentration being requested for approval except for filtration.
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Aprovacao de novo combustivel ASTM D4054

Tier Descri¢ao dos testes Volume (L) Tempo Custo (US)

Especificacao 37,8 50 mil*
Minimo 6 meses

Fit for purpose 320

2 a3 anos 4 milhoes**

1

2

3 | Component and rig tests 946 a 37.854
4 Motores 1.703 2 851.718

*OEMs levam de 6 meses a 1 ano e podem requerer um gasto de até US 350 mil

**OEMs levam de 6 meses a 1 ano e podem requerer um gasto de cerca de US 1 milhdo

6. Funding the Investigation and Qualification Process
6.1 The organization (for example, the additive manufacturer or refiner)
seeking approval of a new fuel or fuel additive is responsible for funding all
aspects of the fuel or additive qualification process. Costs include laboratory,
rig, or engine Tests,...”
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Tier 2 — Tabela 2 da norma

QUEROSENE E

é?z..ec..m SENE E

- Composicao HCs, aromaticos, H, alcoois, fendis, ésteres, N, metais;

- Destilacdo, JFTOT, lubricidade,

€ EMBRAER

Tabela 2 - Propriedades Fit-For-Purpose - |

- Viscosity x T, densidade x T, condutividade térmica x T, tensao superficial x T, solubilidade em agua x T, constante

dielétrica x densidade,

- Efeito nas propriedades de filtracao, estabilidade na estocagem, toxicidade, limites de flamabilidade,

- compatibilidade frente a alguns selantes e componentes metalicos.

K, Ni, Si

Fuel Property | Test Method? | Units | Min | Max | Comments
CHEMISTRY
Hydrocarbon Types ASTM D2425 mass % Report Determines normal and iso-paraffins, cyclo-
paraffins, mono-aromatics, indans, indanes,
fetralins, naphthalenes, acenaphthenes,
hcenaphthalenes, tricyclic aromatics.
IAromatics ASTM D1319 or ASTM Vol % 8 25
D6379 8.4 26.5
Hydrogen ASTM D5291 , D3701, or mass % Report
D7171
Trace materials
Organics
Carbonyls ASTM E411 Hg/g (ppm by mass) Report No limits established.
Alcohols EPA Method 8015 m % or mg/L (ppm) Report
Esters EPA Method 8260 mg/L (ppm) Report
Phenols EPA Method 8270 mg/L (ppm) Report
linorganics: N ASTM D4629 mg/kg (ppm by mass) Report
Trace Elements
Cu ASTM D6&732 Ho/kg (ppb by mass) <20
7n, Fe, V, Ca, Li, Pb, P, Na, Mn, Mg, | ASTM D7111 or UOP 389 |mg/kg (ppm by mass) Report
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Tabela 2 - Propriedades Fit-For-Purpose -
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Fuel Property Test Method” | Units Min | Max Comments

BULK PHYSICAL AND PERFORMANCE PROPERTIES

Boiling point distribution ASTM D86 °C | Based on CRC World Survey and Defense

Initial Boiling Point °C Report | ogistics Agency Energy Petroleum Quality

10 % Recovery (T10) °C 150 205 nformation System survey.

20 % Recovery °C Report Report

30 % Recovery °C Report Report fMinimum and maximum values are based on

40 % Recovery °C Report Report Coordinating Research Council World Survey

50 % Recovery (T50) °C 165 229 And Defense Logistics Agency Energy Petro-

60 % Recovery °C Report Report eum Quality Information System survey.

70 % Recovery °C Report Report

80 % Recovery °C Report Report

90 % Recovery (T90) °C 190 262

Final Boiling Point °C 300

[T50 - T10 °C 15 —

T90 - T10 °C 40 —

Simulated Distillation ASTM D2887 Report Full Range

[Thermal Stability, JETOT Breakpoint |ASTM D3241, Appendix X2 °C See Comment Additives cannot degrade breakpoint.

Deposit Thickness at Breakpoint ASTM D3241, Annex A3 nm Report

(Ellipsometer) or ASTM
D3241, Annex A2 (Interfer-
ometer)

Lubricity ASTM D5001 mm WSD 0.85 Based on Defence Standard 91-91 require-
nents.

Response to Corrosion Inhibitor/ ASTM D5001 mm WSD Conform? See Fig. A1.2 for typical response.

Lubricity Additive

\Viscosity vs. Temperature ASTM D445 or D7042 mm?/s Conform? Plot viscosity at —40 °C (or freezing point plus
b °C, whichever is higher), —-20 °C, 25 °C,
hnd 40 °C. See Fig. A1.1 for typical values.
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Tabela 2 - Propriedades Fit-For-Purpose -

ENVIBRAER

Respanse to Manual vs. Automatic
Phase Transition

Fuel Property Test Method” Units Min Max Comments
Specific Heat vs. Temperature ASTM E1269 kJ/kg/K Conform® See Fig. A1.3 for temperature ranges, typical
alues, and temperature variations. Specific
Heat on a dodecane standard must run and
submitted along with the fuel value.
Density vs. Temperature ASTM D4052 kg/m® Conform? Plot density at —20 °C, 20 °C, and 60 °C. See
Fig. A1.4 for typical values.
Surface Tension vs. Temperature ASTM D1331 mN/m Conform® See Fig. A1.5 for minimum values and typical
ariation.
Isentropic Bulk Modulus vs. Tempera- ASTM D6793 MPa 690 MPa (100 000 psi) Limits not known; see Fig. A1.6 for typical
ture and Pressure alues and variation.
[Thermal Conductivity vs. Temperature ASTM D2717 watts/m/K Conform? Limits not known; see Fig. A1.7 for typical
alues and variation.
\Water Solubility vs. Temperature ASTM D6304 mg/kg Conform® ISee CRC Handbook of Aviation Fuel Proper-
fies for typical values.
AIr Solubility (oxygen/nitrogen) Ostwald & Bunsen Coeffi- Conform? ISee Fig. A1.9 for typical values. OEM experi-
cient (mm? of gas/mm? of nce is based on the air solubilities of TS-1
fuel) And JP-5, which is the least and most dense
and volatile to which engines are currently
g Hesigned.
True Vapor Pressure vs. Temperature ASTM D6378 kPa or psi Report —28, 12, 25, 38, 78, andfSee Fig. A1.10 for typical true vapor pres-
- 200 °C sures for various jet fuel types.
Flash Point ASTM D56, D3828, or D93 °C | 68
Freezing Point Test Methods— ASTM D2386 and D5972 °C Conform?®
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Tabela 2 - Propriedades Fit-For-Purpose - IV

Fuel Property Test Method” Units Min Max Comments

Dielectric Constant vs. Density ASTM D924 N/A Conform®? ee Fig. A1.8 for typical values.
Conductivity Response ASTM D2624 pS/m Conform? See Fig. A1.9 for typical response.
GROUND HANDLING PROPERTIES AND SAFETY
Effect on Clay Filiration ASTM D3948 MSEP No. See Comment No impact when compared to Jet A
Filtration — Coalescer Filters & API/EI 1581 ppm by See Comment No impact when compared to Jet A
Monitors (water fuses) volume
Storage Stability

Peroxides ASTM D3703 mag/kg (ppm by mass) — 8.0 Store for 6 weeks at 65 °C.

Potential gums ASTM D5304 mg/100 mL — 7.0 Store for 16 h at 100 °C.
[Toxicity MSDS Review
Flammability Limits ASTM E681 °C See Comment [No impact when compared to Jet A
IAutoignition Temperature ASTM EB59 °C See Comment [No impact when compared to Jet A
Hot Surface Ignition Temperature FED-STD-791, Method 6053 °C See Comment No impact when compared to Jet A

or ISO 20823

COMPATIBILITY
With Other Approved Additives ASTM D4054, Annex A2 N/A See Comment IAntioxidant, Corrosion Inhibitor/Lubricity Addi-

five Fuel System Icing Inhibitor, Static Dissi-
pator Additive
No visible separation, cloudiness, solids, or

darkening of color.

\With Engine and Airframe Seals, Coat-
ings and Metallics

IASTM D4054, Annex A3
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Comparacao
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CRC Report #647
World Fuel Sampling <
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CRC Project # AV-2-04a

) 1655 Limits at 150C
=== JetA

— = et A

== = et A-1 Synth

JP-8

JP-5

— —— SAS-IPK-B50
SAS-GTL-1B50
------ SAS-GTL-2B50

= === SHE-GTL-B50M
SYN-S8B50M
—— 2

el -3
—_— 4
—

-50

50

Temperature (°C)
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aﬂp Referéncias para

CRC — Coordinating Research Council Comparacao de Dados

(https://crcao.org/publications/aviation/index.html):

e Auviation Fuel Properties Handbook - 2014 Fourth Edition - CRC Report No. 663

* CRC Aviation Committee - World Fuel Sampling Program — 2006 - CRC Report No.
647

e Comparative evaluation of semi-synthetic jet fuels — 2008 - CRC Project No. AV-2-04a

@ BIOQUEROSENE E
HIDROCARBONETOS R

DLA — Defense Logistic Agency (https://apps.dtic.mil/docs/citations/ADA619019):
e PQIS - Petroleum Quality Information System 2013 Annual Report

@ T il v, : =9. - i—‘ ﬁzg

Aviation
CRC Project No. AV-20-14
Determination of Heat of Va porlza(l and Creatind g Enthalpy
Diagrams for Sevel |CmmthF
CRC Project AV-23-15/17
Review of Existing Test Methods Used for Aviation Jet Fuel and Additive Property Evaluations with

Respect to Alternative Fuel Compositions

CRC Project AV-18-17
The Quality of Aviation Fuel available in the United Kingdom Annual survey 2014

QBC_ELQJE_L[LQ._A_Z._IE
Charg and dissipation in
f |h dll g with filter moni mars

CRC Project No, AV-19-14
Alternative Aviation Fuels - Water Solubility & Demulsibility Impact
Exi ac H Summary
nal Article

nel AV-24-16 - Guide from Marathon Petrole
rLaIa@&jeLmingrq bleshooting Guide for Jet Fu EI_J J_Stébjﬁv

CRC Report No. AV-17-13
Carburetor Ice Test Methodology Evaluatio

PQIS — Report Defense Regions
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Aprovac¢ao de novo combustivel

ASTM D4054
» Testes SwRI

eTodos 0s querosenes sintéticos com curva de destilacao tipica e que atendem aos
limites da Tabela 1 da especificacdo D1655 (especificacdo QAv fdssil) para
densidade e viscosidade atenderdao aos testes fisicos exigidos pela D4054 (calor
especifico X Temperatura; pressao de vapor X Temperatura; condutividade térmica

X Temperatura, etc);

eCombustiveis que atendam as caracteristicas exigidas na D1655 nao comprometem
durabilidade e desempenho dos motores;

eQuerosenes nao tipicos sao aqueles com as seguintes caracteristicas: i) altas
concentragdes de poucas moléculas; ii) curva de destilacdo anormal; iii)

breakpoint do JFTOT < 325 °C. 29
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Aprovac¢ao de novo combustivel
ASTM D4054
» Testes UDRI

eMateriais (O-rings, selantes, revestimentos, etc) respondem aos aromaticos
provenientes dos hidrocarbonetos sintéticos da mesma maneira que respondem aos
aromaticos do QAv féssil. E provavel que o simples controle de aromaticos (minimo
de 8 % e tetralinas + indanos na fracao de aromaticos < 30 %) seja suficiente para

garantir a compatibilidade com os materiais;

! Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:D02-1884. Contact ASTM Customer
ASTM D7566 — Service at service @ astm.org.

Research Reports ** Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:D02-1828. Contact ASTM Customer
Service at service@ astm.org.
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FAA 20-24D
s Advisory

U.S. Department

of Transportation C i r I r
Federal Aviation c u a

Administration
Subject: Approval of Propulsion Fuels, Date: 6/30/14 AC No: 20-24D
Additives, and Lubricating Oils Initiated by: AIR-20

1. Purpose. This advisory circular (AC) provides guidance applicable to adding fuels and oils
as engine, aircraft, or auxiliary power unit (APU) operating limitations. It also provides
guidance on fuel and lubricating o1l specifications and standards, and on propulsion fuel and/or
lubricating oil certification plans. This AC provides acceptable methods, but not the only
methods, that may be used to approve aircraft, engines, or APUs to operate with specified
propulsion fuels and lubricating oils.

82



E @?mgagm"g € EMBRAER
. FAA 20-24D I

1 ASTM D4054, “*Standard Practice for Qualification and Approval of New
Aviation Turbine Fuels and Fuel Additives.” provides a procedure for evaluating new jet fuels or
significant modifications to existing fuels to determine if the new fuel 1s suitable for aviation use.
Seemingly, minor changes to specification properties or criteria may result in changes in a fuel’s
performance, but the laboratory, rig, and engine tests specified in D4054 are sutficient to fully
evaluate the fit for purpose or suitability of new fuels with engine and airframe fuel systems.
The D4054 evaluation 1s conducted for both new fuels and revisions to existing fuel properties to
verify that the resulting fuel is suitable for aviation use, based on its performance characteristics
and chemical compositions. The U.S. DoD has developed a similar document, MIL-HDBK-510-
1, for the evaluation of fuels to be used on mulitary aircraft.

2 ASTM D7566, ““Aviation Turbine Fuel Contamming Synthesized Hydrocarbons.”
This specification defines criteria for synthetic jet fuels that have been qualitied to ASTM
D4054. Because D7566 fuels meet or exceed the requirements of D1655 fuels, both of these
specifications are cross-referenced to allow D7566 fuels to be redesignated as D1655 fuels. A
redesignated fuel can move seamlessly through the ground distribution infrastructure without
separate tracking. The redesignated fuel can also be used in aircraft without amending the
operating limitations of those aircraft.

3 If the fuel type is incorporated in D7566 and current specified operating
limitations are adequate to accommodate D1655 fuels, then further FAA testing 1s not required.

4 TC/STC holders do not need to revise aviation fuel operating limitations to use
D7566 fuels that have been redesignated to D1655 fuels. if the existing operating limitations
iclude D1655 fuels. 83
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ASTM D4054 - Clearinghouse
ASTM D4054 Clearinghouse Concept

Accepts In-Kind Also Accepts Direct Stakeholder

Contributions Contributions Engagement
(testing partners) ISupport
Needed!

Structured as a Cost
Share Arrangement

FAA Seed
Money Under

Final

ASCENT , e @~ AAAAAA
¢ . i Research
Center of : — ﬂﬂdm;:'"e Report Out
Excellence : <5 O s -‘ ,
Tier 3 & 4 Requirements ‘

S SAFRAN
@:_ BOEING
“Honeywell
== [ Rolls-Royc
) AIRBUS
OEM/FAA Review &

ASTM Balloting
ASTM Process
Review
. &B
Re-Eval
= Requirad)

Research
Report

Enginef/APU Testing

Component/Rig Testing

I
Phase 2
ASTM

B

Candidate
Fuel In UDRI Contact
Dr. Steven Zabarnick
Steven.Zabarnick@udri.udayton.edu
(937) 255-3549




Processo de Aprovacao “Fast Track” pela ASTM D4054 —
Em Discussao

Tier 1 - Specification Tier 2 - Fit-For Tier 3 Tier 4 —
Properties Purpose Component/ Engine Testing
Properties Rig/APU Testing

y | _ Fast Track
Compositiona OEM Lite ASTM

and Process Review & Test Program
Screening Data Approval (Tier 1+ Only)

Research
Report
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Norma de manuseio, estocagem e distribuicao de combustiveis de aviacao
Joint Inspection Group - JIG 1530 (em revisao)

 EI JIG 1530 - Quality Assurance Requirements for the Manufacture, Storage

and Distribution of Aviation Fuels to Airports
» Operacoes seguidas internacionalmente

» Referéncia para a ABNT NBR 15216 (em processo de revisao)

Operations Bulletin JIG

jigonline.com

Bulletin No 112 EI/J)IG 1530 edition 2 available for public consultation 315 July 2018
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Outros documentos para cuidados na
distribuicao e no aeroporto

» Cleanliness publications

El 1550 - Handbook on Equipment Used for the Maintenance and Delivery of Clean Aviation
Fuel;

API/EI 1581 - Specifications and Qualification Procedures for Aviation Jet Fuel
Filter/Separators

El 1583 - Laboratory Tests and Minimum Performance Standards for Aviation Fuel Filter
Monitors (deverd ser excluida).

API/EI 1590 - Specifications and Qualification Procedures for Aviation Fuel Microfilters
API/EI 1596 - Design and Construction of Aviation Fuel Filters Vessels

API/EI 1598 - Consideration for Electronic Sensors to Monitor Free Water and/or Particulate
Matter

API/EI 1582 - Specification for Similarity for API/EI 1581 Aviation Jet Fuel Filter/Separators
El 1530 - Quality Assurance Requirements for the Manufacture, Storage and Distribution of
Aviation Fuels to Airports

ATA 103 - Standard for Jet Fuel Quality Control at Airports
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oil Pre treatment

Lipids conversion

Feedstock Oil production
Sugar Pre treatment
Feedstock Sugar Extraction

|

A 4

HEFA-SPK

Pre treatment
Sugar Production

Starch
Feedstock

h 4

Biochemical
Conversion

!
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MATERIAS-PRIMAS
Custo X Tecnologia

Lignocellulosic

ATJ-SPK, HFS-SIP

Thermochemical

Sustainable Aviation Fuel (SAF)

|

Feedstock

A 4

conversion
FT-SPK, FT-SPK/A

Sustainable Aviation Fuels Guide: ICAO, 2017.

Sugarcane Bagasse _
and Trash

Algae (sucrose) *

Tallow _ + Used Cooking Oil
Soyk

* Elephant Grass

Sugarcane * + Cassava
+ Sweet Sorghum
+ Eucalyptus + Algae (waste)

* Pinus
*+ Flue Gas, CO, CO/H,

Municipal Solid Wastes

(Msw)
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Principais incertezas do mercado de QAV alternativo

Type of Uncertainty

Uncertainties

Technological

Commercial

Organizational
Social

Reduced technical dominance of feedstocks with higher energy density, such as macauba palm and jatropha
Most refining technologies are still under development

Product yields are still considered low for large-scale production

Few studies are available on the use of second-generation feedstocks in bio-refining scenarios

High cost of feedstocks, refining routes, and final product

Lack of public-private investment

Lack of an effective regulatory framework that confers commercial predictability on the market

Mo clear destination for co-products that could help the financial performance of the biojet market
Infrastructure issues

Lack of effective coordination between different stakeholders

Lack of consensus on the use of well-established methodologies to evaluate emissions compromising environmental gain
assessment

Lack of well-defined sustainability criteria for the biojet industry

Food security risks

de Souza, L. M., Mendes, P., & Aranda, D. (2018). Assessing the current
scenario of the Brazilian biojet market. Renewable and Sustainable
Energy Reviews, 98, 426-438. 89
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O papel da ANP na promocao da

producao e uso de combustiveis
sustentaveis para aviacao (SAF)
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Resolucao ANP n2 778/2019

Revisao das Resolu¢cdoes ANP n2 37/2009 e 63/2014

Motivacao

* Tendéncia de harmonizacao internacional das especificacoes dos
combustiveis de aviacao

Harmonizac¢ao na aviac¢ao:
Uma tendéncia mundial

Uma aeronave abastecida no Brasil pode ser abastecida em qualquer
regiao do mundo, trazendo a necessidade de disponibilidade mundial de
combustivel com padrao minimo de qualidade.

* Necessidade de simplificar e facilitar o entendimento referente a
qualidade dos combustiveis de aviacao: QAV, QAV alternativo e suas

misturas 91
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Principais alteracoes
Resolucao ANP n2 778/2019

» Alinhamento as especificagdbes da ASTM, principal responsavel pela
especificacao internacional desses combustiveis:

* Incluséo de dois novos QAV alternativos: ATJ e SPK/A(incluindo
matéria-prima renovavel, como o etanol). Limite de adicao ao QAV fossil:
50%.

» Permissao de co-processamento de matéria-prima féssil com até 5% de
6leos (como vegetais) na producao do féssil.

» Unificacao das Resolugdes em um unico regulamento, simplificando e
facilitando o entendimento referente a qualidade dos combustiveis de
aviacao.
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Projeto ProQR

* Acordo de Cooperacgdo Técnica entre Brasil e Alemanha

* Rota: Fischer-Tropsch (gas de sintese produzido a partir de CO2 e H20)

* Planta Piloto para produ¢io de Combustiveis Alternativos sem Impactos
Climaticos no CPT/ANP

wu ProQR

Arambiente . ,”. " C1.Ca

Gases

i Cs .C6 —— Gasolina

C7.Cus

Sequestro

‘ g calor

Fischer-Tropsch 7 Cis .Czo Dissel

I}

Isomerizacao

4

| RRRRRRRA | \1,
- Querosene
Geracao de — : de Aviacao
Energia Elétrica | Hidrocraque o
= Oxigénio 93
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CO, do ar:
Climeworks em
Hinwil, Suica
75 to, / més

BlueCrude: Sunfire em
Dresden, Alemanha
2'5 tBIueCrude/ més, 75 kWeI

12 planta comercial (em 2021):
Nordic Blue Crude no parque
industrial de Heroya, Noruega
670 tBIueCrude / més, 20 MWeI
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RenovaBio

Lei n® 13.576,
de 2018

e Politica Nacional de Biocombustiveis

e Expandir o uso de biocombustiveis na
matriz energética

Objetivos e Fornecer seguranca energética
e Contribuir para o atingimento das metas
do Acordo de Paris

Meta Nacional
de Redugﬁg de e 10.1% até 2028 (na matriz de
combustiveis)

€133

95
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Metas Nacionais do RenovaBio

» Definidas pelo Conselho Nacional de Politica Energética — CNPE (Decreto n® 9.308/2018, Art. 1°)

» Resolugcao CNPE n® 5/2018

Art. 1% Definir as seguintes metas compulsonias anuais de reducio de emissoes de
gases causadores do efeito estufa para a comercializacio de combuslivels, e o0s respectivos
intervalos de tolerancia. considerada a melhoria da intensidade de carbono da matnz brasileira de
combustiveis:

Ano 2018 1 5019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028
Intensidade
de
Carbaiio 7355 | 73.51 | 72.83 | 72.55 | 7234 | 71.81 | 70,62 | 69.49 | 68,39 | 67.49 | 66.75
Projetada
l!.!{.".'FFMJI
Reducio
da IC ) 1.0% | 19% | 23% | 2.5% | 33% | 4.9% | 6.4% | 7.9% | 9.1% | 10,1%
Pretendida
Meta
CRIO - 168 | 287 | 41.0 | 498 | 596 | 66.9 | 73.3 | 795 | 85.1 | 90,1
{em MM)
[““-‘:i‘*’ﬂlﬂﬁ - 213 | 332 | 455 | 543 | 641 | 714 | 77.8 | 84.0 | 896 | 94.6
[
tildigncia " 123 | 242 | 365 | 453 | 550 | 624 | 688 | 75.0 | 80.6 | 85.6 o
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RenovaBio
Crédito de Descarbonizacao CBIO

» As metas dos distribuidores serdo quantificadas através do CBIO

» O distribuidor deve adquirir a quantidade de CBIO estabelecida por sua meta

» CBIO sera emitido pelos produtores de biocombustiveis

» RENOVACALC - quantifica a eficiéncia da redugao de carbono por meio de andlise
do ciclo de vida)

Mercado de
Combustiveis

Produtor de Distribuidor de
Biocombustiveis combustiveis
A
XEI:;I%G): : - Compra
: oo N - CBIO
vyt BOLSADE [
I‘ VALORES 'I 97



f—
¢ Preenche a RenovaCalc
¢ Solicita emissdao CBIO

Produtor de

Biocombustivel

\.
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Fluxo detalhado
do RenovaBio

¢ Valida o preenchimento
da RenovaCalc

* Realiza Consulta Publica

e Solicita aprovagdo do
Certificado

J

e Aquisicao de CBIO

A

\

¢Analisa processo de Certificagao

eAprova Certificagdo e Nota de Eficiéncia
Energético-Ambiental

eIndividualizacdo das
distribuidoras

eFiscalizagdo do cumprimento das metas

*Relatdrio de Gestdo para emissdo de
CBI

metas pelas

Distribuidor de
Combustivel

¢ Realiza emissao de
CBIO

Escriturador

CBIO

e Comercializagao de

N\~

Mercado
Organizado
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Etanol de cana-de-agucar

Etanol de milho em usina
dedicada

Etanol em usinas "flex" Biodiesel

Etanol de milho importado Bioquerosene de HEFA

Etanol de segunda geragao
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Entendendo o potencial dos SAF:

balanco de carbono
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Ciclo de carbono
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Stage #2

st i Etapas da

Petroleum-

s Analise de Ciclo
de Vida

Storage

GHG=N,0,CH,, €O,
GHG =N,0,CH,.CO, *

Stage #1 Stage #2 Stage #3
Cultivation Raw Material Jet Fuel
Transport Processing
Change in
l.and Use f EE—— C€0,, PM, NO,,50,, H,0
GHG T T
H,0,C0, l

GHG=N,0, CH,, €O,

- Biomass Co-Product

Framework and Guidance for Estimating Greenhouse Gas Footprints of Aviation Fuels (Final Report)
https://www.netl.doe.gov/energy-analyses/pubs/EstGHGFtprntsAvFuels2009.pdf 102
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Sustainable Aviation
Fuels Guide: ICAO,

2017.
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Analise de Ciclo de Vida - ACV
HEFAE FT
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anp

HEFA e FT - Salicornia

FT - Switchgrass

HEFA - Oleo de Palma -65,6%
HEFA - Oleo de Soja -57,7%
HEFA - Oleo de Jatropha | -55,0%
HEFA - Oleo de Alza [ -42,1%
HEFA - Oleo de Colza 1-37,3%

FT - Carvio (com CCS)
FT - Gas Natural

FT - Carvio (sem CCS)

Querosene de aviacio Linha Base
convencional — e——— P 1

0 50 100 150 200
Ciclo de Vida GEE (g COz e/MJ)

Adaptado de: R.W. Stratton, H.M. Wong, J.I. Hileman - PARTNER Project 28 report Los
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Obrigado!

fvinhado@anp.gov.br — (61) 3426 5181

Imsouza@anp.gov.br — (61) 3426 5126

marcelo.goncalves@embraer.com.br — (12) 3927 4621
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