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THE PROBLEM:
Energy and Quality of Life
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Energy and Social Development
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Energy and Social Development
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Fossil carbon based economy...
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A Possible Solution...



Renewable carbon based economy... (neutral)
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Renewable carbon based economy... (negative)
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Displacement of fossil by renewable fuels: the Hubbert Law
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Displacement of fossil by renewable fuels: the Hubbert Law
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Trends in Proved Petroleum Reserves, Top Five Countries, 1980-2013
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 As previsoes para o declinio da producado
mundial de petrdleo e gas segundo a lei de
Hubbert provaram-se prematuras




MUDANGCAS CLIMATICAS



OCLIMAEO
SURGIMENTO DA VIDA
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Inicio da revolucdo industrial

Inicio da agricultura ——

oc ppm
2 ' 300
0 280
-2 260
4 240
-6 Aa 220
8 GQ“' "N 200

-10 180

12 . |

50,000 40,000 30,000 20,000 10,000 0

Fim da JUltima glaciacdo

joannenova.com.au



ZOOMING OUT...
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The 800,000 year record of atmospheric CO2 from Antarctic ice cores, and a
reconstruction of temperature based on hydrogen isotopesin the ice. The current
CO2 concentration of 392 parts per million (ppm) is shown by the blue star.
Credit: Jeremy Shakun/Harvard University



ZOOMING OUT...
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intermediate redox favors versatile cyanobacteria

origin emergence
of life GOE of animals
predominant
photosynthesis A 2
[P 100 2
atmospheric O, ] T 4 | 1 g‘ O
~ | 0.001 2
oceanicO, [l anoxil

Earth Age (billions of years)

Simplified schematic timeline of photosynthesis and the oxygenation of the atmosphere and oceans through Earth’s history.
Atmospheric oxygen concentrations are shown as a percentage of modern levels (from Lyons et al. 2009). GOE = Great Oxidation Event,
~2.4 bya. Although there is always uncertainty in chemical and biological data from the early Earth, time periods for which this
information is especially uncertain are indicated with question marks. Three main phases are evident: (1) an early anoxic world in which
there was very low oxygen and was dominated by anoxygenic photosynthesis; (2) an intermediate low-oxygen world in which significant
contributions to photosynthesis were made by both oxygenic and anoxygenic phototrophs, or perhaps by organisms that could do both,

such as those from Middle Island Sinkhole; and (3) the modern oxic world in which oxygenic photosynthesis predominates. Not until this
later stage did complex plants and animals evolve.

© 2012 Nature Education Courtesy of Biddanda et al.



FATOS

- A temperatura média do planeta estad aumentando
nos Ultimos 250 anos

- O pico na concentracdo de CO, se deve as emissoes
de GEE, sobretudo desde a revolugao industrial

HIPOTESE

« O aumento da temperatura é causado pelas emissoes
antropogénicas de GEE



... porém os efeitos a
curto e médio prazo
sao incertos.



Testando a HIPOTESE via
modelos climaticos...
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years 1000 to 2100

’s surface temperature:
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Variations of the Earth’s surface temperature: years 1000 to 2100

Departures in temperature in °C (from the 1990 value)

probabilidade'

Obsarvalions, Northam Hemisphere, proxy data m?:;lal Projections “AT
obsenations
. o o
-
6.0
553
5.o—f
457 |
a !
4.0 5;’
i /
i previsGes até 2100 — |
3.0 Jf
25+ < 2,5°C evita-se mudancgas climdticas perigosas... -=-----=---=%
=2 f ¥
2.0 )
152
1 .o—f

0S8
0.0
Scenarios
A1B
0.5 — AMT
—-— A1FI
10 A2
— B1
T T T T T T T T T T T 1 — e
1000 1100 1200 1300 1400 1500 1600 1700 1800 1800 2000 2100 — 18922



Departure from 1979-83 Average (deg. C)

1.6
90 CMIP5 Climate Models vs. Observations
Global Average Temperature, running 5-Year Means

Lk Satellite warming trends ('79-2013) lower than 88 of 90 models (97.8%)
Surface warming trends ('79-2013) lower than 86 of 90 models (95.6%)
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CERCA DE 957% DOS MODELOS
CLIMATICOS CONCORDAM ENTRE Sl:

“OS FATOS DEVEM ESTAR ERRADOS !”



Testando a HIPOTESE
via proxies...
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Retracao das Geleiras

Glaciar Grey, Campo de Gelo Patagbnico Sul



Retracao das Geleiras

Glaciar Grey, Campo de Gelo Patagbnico Sul









CONFIRMAGCAO ATRAVES “PROXIES” (varidvel de inferéncia)

Winter warming faster than summer

ing faster than days

Less oxygen in the air

More fossil fuel carbon in trees

" More heat returning to Earth

~ More fossil fuel carbon in ocean

Pattern of ocean warming . More fossil fuel carbon in coral
e —————————
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1979-2013 Trend (°C/decade) 1980 1990 2000 2010
B ]

-05 04 -03 -02 00 0 01 02 03 04 05

Lower Stratosphere

&
0.5
0.0

-0.5

10 b L L L

1979-2013 Trend (°C/decadei 1980 1990 2000 2010
[

-0.7-0.6-0.5-0.4-0.3-02-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

WWWw.remss.com



EVENTOS CLIMATICOS EXTREMOS
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Received 16 Oct 2014 | Accepted 29 Jun 2015 | Published 3 Aug 2015

Negative emissions physically needed to keep
global warming below 2 °C

T. Gasser'2, C. Guivarch?, K. Tachiiri3, C.D. Jones* & P. Ciais’

To limit global warming to <2 °C we must reduce the net amount of CO; we release into the
atmosphere, either by producing less CO, (conventional mitigation) or by capturing more
CO- (negative emissions). Here, using state-of-the-art carbon-climate models, we quantify
the trade-off between these two options in RCP2.6: an Intergovernmental Panel on Climate
Change scenario likely to limit global warming below 2°C. In our best-case illustrative
assumption of conventional mitigation, negative emissions of 0.5-3 Gt C (gigatonnes of
carbon) per year and storage capacity of 50-250 Gt C are required. In our worst case, those
requirements are 7-11Gt C per year and 1,000-1,600 Gt C, respectively. Because these
figures have not been shown to be feasible, we conclude that development of negative
emission technologies should be accelerated, but also that conventional mitigation must
remain a substantial part of any climate policy aiming at the 2-°C target|

!Laboratoire des Sciences du Climat et de I'Environnement (LSCE), Institut Pierre-Sirmon Laplace (IPSL), CEA - CNRS - UVSQ CEA I'Orme des Merisiers,
91191 Gif-sur-Yvette, France. 2Centre Intemational de Recherche sur I'Environnement et le Développement (CIRED), CNRS - Ecole des Ponts ParisTech -
EHESS - AgroParisTech - CIRAD, Campus du Jardin Tropical, 45 bis avenue de la Belle Gabrielle, 94736 Nogent-sur-Marne, France. 3Japan Agency for
Marine-Earth Science and Technology, 3173-25 Showa-machi, Kanazawa-ku, Yokohama, Kanagawa 236-0001, Japan 4 Met Office, Hadley Centre, FitzRoy
Road, Exeter EX1 3PB, UK. Correspondence and requests for materials should be addressed to T.G. (email: tgasser@lsce.ipsl fr).

MNATURE COMMUNICATIONS | &:7958| DOI: 101038/ ncomms8958 | www.nature com/ naturecommunications 1
@ 2015 Macmillan Publishers Limited. All rights reserved.




UMA POSSIBILIDADE...



Renewable negative carbon based economy
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Renewable negative carbon based economy
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Renewable negative carbon based economy
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Carbon capture, fransportation and geological storage
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21st Century Energy Infrastructure:
Policy Recommendations for Development of American CO, Pipeline Networks

Qil Production Well
CO, Injection Well
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*Miscible Zone = Injected CO, encounters trapped oil = CO, and oil mix — Oil expands and moves towards
producing well

Source: National Energy Technology Laboratory, “National Carbon Sequestration
Database.” Jiwww.n /
(accessed February 9, 2016)

Prepared by the State CO_-EOR Deployment Work Group
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January 2014

1. CO2 Slurry

2. Quest

3. Alberta Trunkline

4. Weyburn

5. Saskpower Boundary Dam :

6. Beaver Creek .

7. Monell 17. Snghvit ‘.’

8. Bairoil 18. Peterhead : i

9. Salt Creek 19. Longannet ‘3

10. Sheep Mountain 20. White Rose

11. Slaughter 21. Kingsnorth :
12. Cortez 22.ROAD ¥ 4
13. Central Basin 23. Barendrecht /
14. Canyon Reef Carriers 24. OCAP Legend:
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Figure 1 — Overview of CO; pipelines included in the study.




How to tfransform GHG emitting industrial units

to producers of scCO2 for geological storage ?
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Potential capture from sugarcane processing in Brazil

CO2 atmosférico

@ FTST

Biomassa

@ Oxi Comb

CO2 supercritico

@ EOR, etc.

Subsolo

CO, emissions from a reference sugar mill (500tsc/h)

» Fermentation: 2 tCO,/h

> Bagasse and straw combustion: 89 tCO,/h
Annual CO, capture and storage by the sugarcane sector

» One mill: 0.43 MICO,/year
» Number of mills: 400 average proc. rate 500tsc/h
» Annual CCS: 292 MitCO,/year

Annual CO, Brazilian emissions

> ~400 MiCo,/year



OUTRAS FONTES DE ENERGIA PARA
APLICACOES NAO VEICULARES...



Energia Edlica

Renovadvel de maior crescimento no mundo

Brasil: 2008 = 341MW, 2009 = 606 MW, 2010 = 920MW

Potencial brasileiro = 300GW (demanda 2010 = 70GW)
Expectativa de contratar pelo menos 2,0 GW por ano até 2020



3TIER

Global Mean Wind Speed at 80m

Chapada do Araripe

5km Wind Map
Mean Wind Speed at 80m

7 13 20 mph
|

I
3 6 9 m/s




CENTS/KWH

50

30

10

Deployment and Cost for U.S. Land-Based Wind
2008-2012

Bl WIND POWER (CENTS/KILOWATT-HOUR)
== |NSTALLED WIND CAPACITY GW

50

(MD) LNIWAOTd3A ANIM 3ALLYINIAND



GW

Evolucdo do fornecimento contratado no Brasil
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Energy generation investment contracts in Piaui until 01/2016

= MENU Gl

ECONOMIA

Governo publica lei que permite

baratear conta de luz

Plano prevé que energia fique 20

enova concessoes e elimina encargos da conta de luz

Fabio Amato
Do G1, em Brasi

barata a partir de fevereiro

A presidente Dilma Rousseff sancionou a lei 12.783, que renova concessées do setor de
energia e permite o barateamento da conta de luz dos brasileiros. A lei foi publicada na edi¢&o
desta segunda-feira (14) do "Diario Oficial da Uni&o".

saiba mais

Geracdo térmica ndo compromete queda na
conta de luz, diz ministério

Reservatérios voltam a baixar e nivel fica
abaixo do pré-racionamento

Governo vai discutir situacao dos
reservatorios na quarta-feira

Dilma diz que governo vai bancar plano de
diminuic@o de energia

De acordo com célculos do govemno federal, as
medidas previstas na lei vao levar a uma
redug@o média de 20,2% na tarifa de energia a
partir de fevereiro.

A lei permite ao governo prorrogar, por até 30
anos, concessoes de geragao (usinas
hidrelétricas e térmicas), transmissao e
distribuicao de energia que vencem entre 2015
e 2017. Em troca, esses concessionarios
tiveram que aceitar receber, ja a partir de 2013,

MW
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Piaui — electrical energy exporter
Brasil — depressed supply (opportunities 12)



GOVERNO VAL
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“Armazenando Vento...”
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O Operador Nacional do Sistema Elétrico
detecta o aumento da geracdo edlica e
diminui a geracdo hidrelétrica para adequar
a producdo a demanda de energia.

mesmo conceito se aplica aos outros modais de
eracdo com caracteristica intermitente
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Energia Solar
89 mil TW 3,5 a 7,0 kWh/m2/dia

Grande Bacia
Atacama
Saara

Ardbia

Gobi
Qutback

| l I l E l l l 2@ = 18 TWe

0 S0 100 150 200 250 300 350 W/m?2
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Energia Termosolar
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Energia Termosolar
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Energia Fotovoltaica

Pouco competitiva economicamente...



Andlise dos projetos de investimento (Capital Budgeting)
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depreciagao 5
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VPL 42,20 MRS
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0,6632RS/RS

DECISAQ: EOLICA, MAS...



Geracao Fotovoltaica Residencial

geradores / consumidores






PERPECTIVAS...



lenha, tracao animal, biomassa, etc.




lenha, tracao animal, biomassa, etc.

@ revolugdo industrial

carvao, petroleo e gas




lenha, tracao animal, biomassa, etc.

@ revolugdo industrial

carvao, petroleo e gas

@ revolucdo informacional

hidrelétricas, bioenergias, edlica, termosolar,
fotovoltaica, ondas, marés, geotérmicas...




lenha, tracao animal, biomassa, etc.

@ revolugdo industrial

carvao, petroleo e gas

@ revolucdo informacional

hidrelétricas, bioenergias, edlica, termosolar,
fotovoltaica, ondas, marés, geotérmicas...

@ revolucdo energética (9)
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