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1. Ressalvas Gerais



Antes de tudo, uma ressalva de engenheiro
quimico que pode me dar um ar arrogante...

A\

Mutto do que tratarel agui tem a ver com a
diferenca entre :

Equtlibrio versus Cineética

1. nado ha mais transferéncia de calor
(equilibrio térmico)

2. n3o hé forcas em desequilibrio X velocidade = f x px z
(equilibrio mecanico)

3. nao ha transferéncia de massa e/ou

reacOes quimicas (equiltbrio quimico)



Agora a ressalva de modéstia de quem desenvolve modelos

matematicos de engenharia
(se tiver tempo, mas nao terei, farei um comentario judaico sobre modeéstia...)

“The models fail, ... m

..as the Greek Demosthenes warned: “for every man believes
what he wishes, though the reality is often different.”

In this case, the use of mathematical tools by engineers like us
should, as Craig et al. 2002 said: “...illuminate the
consequences of action or inaction and thus lead to changes
in behavior...,” so that “...predicting problems can lead to
changes that avoid them...”.

(Szklo and Schaeffer, 2018, in Nature Research — Behavioural
& Social Sciences)
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Figure 5 — Historic decomposition of the real oil price (WTI)
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MAKING WAVES:
FINAL COUNTDOWN TO IMO 2020

Rick Joswick

May 22, 2018
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IEA: “Quando a China muda, tudo muda”

(v Rapido aumento da capacidade instalada

renovével. custosdecrescentes

-

v' Crescente eletrificagcaoda energia

4 . .
v' Grandes investimentos e avangos

tecnologicosde tecnologias renovaveis

v Maior orientacao da economia chinesa para

servigos e matriz energética mais limpa

Zotin, 2018
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Impactosambientaislocais e escalada de protestos por qualidade ambiental

Poluicao do ar:
» Baixa eficiéncia douso da energia

* Carvao, indlstria pesada, fornos domésticos
* Emissoes automotivas

Poluentes primarios e secundarios

Morte prematura de 1-1,2 mi pessoas/ano entre
1990 e 2015

Perdas economicas anuais de 0,5-6%do PIB
MP:11,1% de todas as mortes no pais

Urbanizacao e envelhecimento da populagao

510.000 casos em 2005, em crescimento
ONGAs pautam que NYMBY seja contornado
Peticoes: 616.000 em 2006, crescem 30% a.a.
Estabilidade social ameagada

*
°o

Escalada de protestos por
qualidade ambiental

®, K7
LI X4

Zotin, 2018
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unidades
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China muda o equilibrio ou acelera um
processo em curso?
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Sheall

Haveria um processo em curso?

Generation and trading

Renewable
energ

Yes
(Lightsource,
others)

Yes
(Sikcon Ranch
Corp)

Limited activity

Source: Bloomberg NEF, companies Note; Values are based on BNEF assessment and subject to qualitative interpretation.

Industrials retail

Electricity sales

Yes

On-site
generation
(e.g., rooftop

P

Not active

Other services

Limited activity

Residential
electricity retail _

Residential retail

Yes
(Lampiris, Direct
Energie)

Yes
(First Utility)

On-site
generation
(e.g., rooftop
solar

Electric vehicles
Private
Other services Public charging Autonomous
(e.g.. smart charging (home or i

office’

Not active
PitPoint)
Yes Venture capital
(Chargemaster) (Drover)
Venture capital
(FarePilot)
(Chargepoint) SRt
Not active Not active Not active Not active Not active
Not active Not active Not active Not active Not active
Not active Not active Not active Not active Not active
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Haveria um processo em curso?

Ranking of top automotive R&D spending companies

Rank Share of Share of Sector R&D,
sector sector cumulative
2015 R&D sales share
1 Volkswagen Germany 12.62% 8.49% 13%
Toyota Motor Japan 7.46% 8.62% 20%
3 General Motors USA 6.39% 5.57% 26%
4 Daimler Germany 6.05% 5.95% 33%
5 Ford Motor USA 5.71% 5.47% 38%
6 Honda Motor Japan 5.09% 4.43% 43%
7 Robert Bosch Germany 4.82% 2.81% 48%
8 BMW Germany 4.79% 3.67% 53%
9 Fiat Chrysler Italy 3.81% 4.40% 57%
Automobiles
10 Nissan Motor Japan 3.76% 3.70% 61%
32 Tesla USA 0.59% 0.15%
38 Great Wall Motors China 0.36% 0.41%
46 Guangzhou China 0.25% 0.17%
Motors

Fredriksson et al 2018 21



Electric vehicles
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Haveria um processo em curso?

Electric vehicle production by vehicle manufacturer

Others
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22



Haveria um processo em curso?

Firms Target dates Sales targets
Volkswagen 20-30% of sales
Audi 25-30% of sales
BMW Lo 15-25% of sales
ﬁ Hybrid, plug-in hybrid, battery electric
o and fuel cell cars to make up two thirds of
Honda o Honda's European sales by 2025
Mercedes 15-25% of sales
BYD 240k units
@
GM E 30k Bolts in 2017
S
Ford 40% line-up, including hybrids
Volvo 1m cumulative by 2025
Tesla ~ 1m by 2020
Toyota S 1.5m
Nissan S 20% of European sales
Changan 400k units cumulative
SAIC 600k units (200k domestic brand)
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Haveria um processo em curso?

Algo como 20 megacidades no mundo anunciaram
planos de banir carros baseados em MCI até 2030:
Paris, por exemplo, inclui carros a diesel e gasolina
para circulacao no centro da cidade, Copenhagen tem
planos de banir carros a diesel antes de 2020, Londres
Central planeja zonas de zero emissao (ZEZs) até 202,
enquanto Oxford indica banir qualquer veiculo nao
elétrico até 2020. No caso da Asia, Beijing restringe
emplacamento de carros nao elétricos (expectativa de
alocar 60% do emplacamento para BEVs até 2020).



Mas...

EVregistrations as a share of total passenger car registrations, selected
countries
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Available online at www.sciencedirect.com

X . Transportation
ScienceDirect Research

Procedia

www.elsevier.com/locate/procedia

4%,

ELSEVIER Transportation Research Procedia 19 (2016) 18 - 32

International Scientific Conference on Mobility and Transport Transforming Urban Mobility,
mobil. TUM 2016, 6-7 June 2016, Munich, Germany

From weak signals to mobility scenarios:
A prospective study of France in 2050

Vincent Kaufmann, Emmanuel Ravalet *

Contents lists available at ScienceDirect

Journal of Transport Geography

journal homepage: www.elsevier.com/locate/jtrangeo

The gender turnaround: Young women now travelling more than ®cmmﬂ,k
young men

Sara Tilley **, Donald Houston P

2 University of Edinburgh, OPENspace Research Centre, Edinburgh College of Art, 74 Lauriston Place, Edinburgh EH3 9DF, UK
® University of Portsmouth, Department of Geography, Buckingham Building Lion Terrace, Portsmouth, PO1 3HE, UK

Available online at www.sciencedirect.com

. R Transportation
ScienceDirect Research

Procedia

www.elsevier.com/locate/procedia

Transportation Research Procedia 13 (2016) 49 — 60

European Transport Conference 2015 — from Sept-28 to Sept-30, 2015

What drives mobility trends: results from case studies in Paris,
Santiago de Chile, Singapore and Vienna

Mirko Goletz**_ Irene Feige®, Dirk Heinrichs®

? German Aerospace Center (DLR), Institute of Transport Research, Rutherfordsir. 2, 12489 Berlin, Germany
® Institute for Mobility Research (ifmo), Peruelring 130, 80788 Munich, Germany 27
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s CONDICIONANTES DA DEMANDA POR VEICULOS
|bp LEVES PRIVADOS PARA ATENDER A
MOBILIDADE URBANA NOS ESTADOS UNIDOS

Rachel M. Henriques', Camila Ludovique?, Alexandre Szklo®

PV; = a+ [, * Densidade; + [, » Renda; + 5 = [dade; + ¢
Onde PV; representa o percentual de veiculos leves utilizados para transporte na cidade i; o € o
intercepto; Densidade; representa a densidade na cidade {; Renda; representa a renda mediana da
populagdo na cidade i; Idade; representa a idade mediana da populacido na cidade i; e, g; o termo

aleatorio. Admite-se que €; sfo variaveis aleatorias independentes de média zero e variancia ¢*

constante.
Tabela 1: Parametros dos modelos de regressao.

Secdo 2005 Secdo 2016
Variaveis Coeficiente p-value Coeficiente p-value
Intercepto 5,0364 < Ze-16 *** 5.5413 < e-16 ***
Densidade -0,0110 0,0144 * -0,0356 2,42e-08 *H*
Idade 0,1256 3,92e-06 *** 0,2250 4.30e-14 ***
Renda -0,0824 8,21e-006 *** -0,1541 7,96e-15 *#*
R’ 02173 0,3907
p-value 1,04E-09 <22e-16

Notas: ***0.001; **0.01;*0.5
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EUA
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Fonte: FHA (2018)
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E o Brasil?

América Central e do Sul

m 2015
m 2050
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“Our IAM Tools”

ceﬁ]e%ia

“Predictions are hard to make, especially about the future”.
(Alternatively attributed to Nobel physicist Niels Bohr and former
New York Yankees catcher Yogi Berra)
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Integrated Assessment Models

*_Research centres with Global 1AM
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Only one
“belowthe
Equator”

TIMES-AUS Australia Energy system
BLUES, COFFEE Brazil Integrated Assessment
GCAM-Canada, EC-MSMR Canada Energy system, Macro-economy
PECE China Integrated energy system
PRIMES EU-28 Energy system
MARKAL India Energy system
BAU, ExSS, AFOLU Dashboard Indonesia Energy system, AFOLU, waste
CREP-ITB
AIM/Enduse [JPN] Japan Energy system
TIMES-RUS, ROBUL/ CBS-CFS3 Russia Energy system, Forestry
TIMES, AlM-Korea South Korea Energy system
GCAM USA Integrated Assessment
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Model Linkages

Macroeconomic E i COmputable Framework For
drivers ! ! Energy and the Environment
. . (COFFEE)
Total-Economy ! HRIRAZZ S ! +  Optimization model — Energy
Assessment (TEA) : : and Land Use
— CGE Model : : e 18 regions
: : * Translationinto GAMS
Economy-Energy— TEAModel | ——— : '“;“W q,;
Land Use | : : ) oML
GTAPINGAMS ' i
Recurs.|ve dynamic l \Brazil Land-Use and Energy
18 regions —— 'Systems Model (BLUES)

Economic
Impacts

. and Land Use
\* 6 Brazilianregions
' Translation into GAMS

____________________

1
1
1
|
: 'e QOptimization model —Energy
1
}
}
I

34



The COFFEE Model

Scenario Protocol for the Global Energy System (cd-Links)

Global Current Policies (GCP): based on current and
indicated policies for all regions (energy, land and climate)

Global 2°C (G2D): GCP + global budget of 1,000 GtCO,

Global 2°C without CCS (G2D _noCCS): GCP + global
budget of 1,000 GtCO, + Unavailability of CCS (fossil
and/or bioenergy)

Global 1.5°C (G1.5D): GCP + global budget of 400 GtCO,



Remaining carbon budget for a 66% chance of less than 1.5C warming

GtCO2
-400 200 0 200 400 600 300 1000
Millar et al 2017 ® 625
Goodwin et al 2018 l ® 693
Schurer et al 2018 325 306
Tokarska and Gillett 2018 ® 305
IPCC AR5 ESMs ® 118

Lowe and Bernie 2018

IPCC ARS IAMSs
Rogelj et al 2018 IAMs
Rogelj et al Millar adj. 2|L I
Kriegler et al 2018 -182 — 818
10 5 0 5 10 15 20 25

Years of current emissions

Earth System Models B Combined Observations and ESMs B Integrated Assessment Models

FromJan 2018 to 2100
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COFFEE: Current Policies (GCP)

GHG Emissions (GtCO,,,) Primary Energy (EJ)
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COFFEE: 1.5°C Scenario (G1.5D)

GHG Emissions (GtCO,,,) Primary Energy (EJ)

[o)]
(@]

EAFOLU MEnergy 14400

HOil B Gas MW Coal B Nuclear

[l LY B N ¥ |
O O O O O

Total GHG Emissions (GtCO ;)
o

1200 | mBiomass @Hydro MWind @Solar

1,000

Primary Energy Demand (EJ)
B [=1] 00
o o (=)
o o o

N
Q
(=]

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 5010 2000 2030 2010 2050 2060 2070 2080 2030 2100

Cumulative Emissions: 5,500 GtCO,

Land Use Change (Gha)

1.0
EForest OForGrass MGrass BCropVeg MECrop MFlooded @EUnsuited.
0.8 =
0.6
0.4

0.2

0.0 T T

-0.4

Land Cover Change (Gha)

-0.6

-1.0

2010 2030 2050 2070 2090 38




BLUES: Scenario Comparison
Electricity Generation (TWh)

1200
B Hydro M Coal M Coal CCS MGas B GasCCS MHOiIl
1000 EBio B Bagasse M Nuclear MBEWind ODG
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— 800
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©
2 600
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2 400
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@
w
200
0
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BLUES: Scenario Comparison

Transport Sector — Passenger Energy Use

¥ Green -

7~ N

B Kerosene M Bunker M Diesel M Biodiesel J(Gasoline )X Ethanol @ Natural Gas .
4000

3500
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BLUES: Scenario Comparison

Liquid Biofuel Production (PJ)

| 4500 1 |

Estamos agora rodando o modelo em paralelo
com os outros modelos globais para evitar
overshoot de emissoes (Estudo apoiado pela
Comissao Europeia, contando com os maiores
centros de modelagem do mundi). Expectativa
no nosso modelo é de antecipacao de entrada
de elétricos (baseados em pilha a EtOH,
sobretudo).

| ’ 2020 | 2030 ‘ 2040 | 2050 | |
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Modal Rodoviario — Veiculos Pesados
ou Leves

Participacao dos Modais no Mundo
- Tonelada x Quilémetro Gtil -

. A érea do circulo !
' representa a :
. utilizagio do ;
. Modal AqUaviério '

EUA
Canada

China
‘ Russia

10 20 30 40 50 60 70 80

% Ferroviario r
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Modal Rodoviario — Veiculos Pesados ou

Leves

Fuel tank
SOFC system 100% Ethanol
(Fuel cell system) ) ©Or Ethanol-blended
o water
‘ SOFC I Sapormet
Motor Battery ]—- ek ¢ Al
v < l )
Rotational power Charge
Specifications of research prototype vehicle ni .
Features Specs. C3HsOH + Hy0 — 2C0 +4H,  AH = +260 k] /mol
Base vehicle e-NV200
Battery Capacity 24kWh CO+H,0 —CO; +Hs AH = —41 k| /mol
Powertrain Electricity SOFC System ruer Tank
100% Ethanol
Fuel tank capacity 30L e p o . H,0
SOFC power 5kW ©p NS €. p ® K
Driving range Over 600km - c°t’ /e ;S >% @ ©p ® 100% Ethanal
xhaus \ Hea! - or
Naote: specifications are for Nissan's research protatype vehicle, and are subject to e e & \ Ae‘e / @ % %’@ 8 m” Ethanol-
change. Q H20 S(e = % [#]#) blended water
RR | .  «8e" @e=~ BN | w®
H20 ieal 'QQQ 1 Ethanol
SOFC Stack : @ Reformer
Ty et Hoat [Main reaction)
E.i‘f:i.‘,c'{‘ﬁif‘o’ﬂ'( ] g;‘:;a? Exhaust Heat
02
Hydr?lfﬁ{l?i%’)‘ Fuel
Ol
¢ Alr(oixﬂdam)
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Modal Rodoviario

ou DEFC?

CH3;CH,0H + o Load ¢ 30, + 12H"
3H,0 + 12e~
e P S

2CO, + 12H"* + 12e~ | 6H,0

Proton-Exchange Membrane
[PEM)

Direct Ethanc! Fuel Call

anode reaction: CH;CH>OH + 3H,0 =+ 2C0O5 + 12H" + 12¢7,
cathode reaction: 30, + 12H™ + 12¢™ - 6H,0,

overall reaction: CH;CH,0H + 30, » 2C0; + 3H,0.

https://doi.org/10.1016/j.apenergy.2015.10.124

o 0.1016/Lil 2012.07.059
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Modal Roviario — Veiculos Pesados




- Carvalho, Pereira-Portugal, Szklo, 2016.

& & 8 &
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© HEFA (Soybeans)

M ATJ (Sugarcane straw)

m HDCJ (Sugarcane straw)

m HDCJ (Forest residues)
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B | Obu 1] ke r Carvalho, Pereira-Portugal, Szklo, 2019.
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1. Ressalvas Gerais

2. Contexto
I Expansao da producao de HC leves
il. BEVs
ifi. Demografia

3. Oportunidades para Bioenergia
i. Cenarios de Longo Prazo
il Novos usos - energia
ii. Novos usos — materiais
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Tempo para o comentario judaico sobre
modestia?
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