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PORTUGAL

M.J. Lemos de Sousa, C.F. Rodrigues,
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Porto- Portugal
http://www.ufp.pt

CIAGER RDID & D Unit

Global Change, Energy, Environment
and Bioengineering RDID & D Unit

http://www.ufp.pt/index.php?option=com content&view=article&id=423&ltemic

26 PhD, MScand 2 Bursary Holders
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CINGER

OEnergyo6 Research Grou

Research Projects

COSEQ: CO, geological sequestration in the Douro Coalfield
Meta - anthracites, NW Portugal

DIFFUSION:  The study of gas diffusion process in coals
using Langmuir isotherms

FRACTURING: 3D coal fracturing/ o6cleat

INQUIRY:  Public perception/acceptance regarding CO ;
geological sequestration

BRAZIL: Brazilian coals 0 The application of a screening
criteria for CBM exploration vs CO, geological
sequestration



CINGER

oOEnergyo Research Grou

Current PhD Programme

s PhD . 1i-n. . 0o0EARTH SCI ENCESDO

Areas of Specialization:

VoPetroleum Systems and Ener gy

VoOGHG Emi ssions and CO2 Geol og
Sequestrationo



CINGER

OoEnergyd Research Grou

- Stakeholder Member
CS

|_|F = Carbon Sequestration Leadership Forum

- EuropeanPatent EP 1 801 346 Al

dated June 27, 2007

oProcess for Carbon Dioxide Sequestrati
Inventors: A.  Mouraz Miranda (IST), C.F Rodrigues and M.J. Lemos de Sousa (UFP)



CINGER

oOoEnergyo Research Grou

Servicesto Industry

iU Coalbed . Methane prospecting/exploring

Ll €O, Geological Sequestration in conventional
and unconventional reservoirs

Gas content (Q , and Q ;)

Gas molar composition

Gas sorption (adsorption and desorption) isotherms (with single or mixed

gases)

3D fracturing (o0Coal <cleat systemo)

Modelling = of unconventional gas reservoirs, both for CBM exploration and CO
geologic sequestration in coals, including the 3D modelling  of the gas flow

process
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CO, ABATEMENT: State -of-the -art

l——\_l(Capture + Transportation )
Fixation — —SINKS GEOLOGICAL STORAGE/SEQUESTRATION

(Biological fixation)

MINERAL
CARBONATION

CLOSED SYSTEMS

Oceanic Diverse Salt Deep | Depleted oil § Coal seams
CO, lakes | Porous cavitation | saline and gas  J(ECBMor Pure
thhologles : fields sequestration )

(1

aquifers (EOR , EGR) o
2 3

M. Lemos de Sousa and C.F. Rodrigues, UFP 8 CIAGEB 2008



CARBON Dioxide (and other GHG) TRADING SYSTEM

CARBON Climate ) EXCHANGE MARKETS

GHG Allocation.  Plans
Monitoring. .= GHG Emissions
Standardised = and Secure System of GHG Emissions Registries

UNFCCC
Kyoto Protocol

ED) 2003/87/EC October 13
ED 2004/ 101/ EC October 27 (oLinkilg

Diverse Decisions, Regulations, etc

Correspondent  National Legislation

OEuropean GHG Emissions All owang




Additionally , in Europe

i The 2020 EU Energy Policy Target and Objectives 08 The need for action

Il Eur op €limate Change Opportunity
i Energy fora Changing World

(gn 200020 20 — 2020 <

Directive é on Geologica

OProposal for a

(Jan 2008)

P. Russ , T. Wiesenthal , D. van Regemorter and J.C. Ciscar

0 G| o KChmiate Policy Scenarios for2030 and beyond ;
Analysis of Greenhouse Gas Emission Reduction Pathway Scenarios

with the POLES and GEM-E3 models 6
European Commission 2007

oLimiting Global Climate Change to 2
degrees Celsius & The way ahead for

2020 and beyond ©
January 10, 2007



The Real Problem

IS the-' European ;| Union.  able to:

U reduce fossil fuel industrial emissions by CO,
capture =+ sequestration /storage , and

U implement CO, capture + storage technologies
economically , i.e., in a competitive way with the
emissions  allowance trading system of the EU
Directives 2003 /87 /EC and 2004 /101 /EC,

thereby = permitting medium and long term sustainable
competitiveness , both N energy production and
iIndustrial -  development  ?

M. Lemos de Sousa and C.F. Rodrigues, UFP 0 CIAGEB 2008



 European Gouncil Climate - Encroy
legizlative Package

April 6. 2009
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INeWw . EUL rules-. promoung. .. the use. of: energy. I[rom,
renewanle - sources - (s/sdg oUsMUIADLL)

V. Revised . EUN EmIssIions, - lradingi.| osystem,, (5/3/Ug oUsdu-

ADLAREM]
\/' EU' Member . Staies Jili:l'u“e the-. erfeort. . 1o, make-. caroon
eMmissIons, - reductons O od)g

V. INeW' rules - 101, cleaner- - cars - 1N europe - (o/41Ug cU41U9ADLY

Vo INew' - environmental -1 = quallty,’ . Standards. .- 10r. fiueis- ana .
piofuels [ (5 /40L0g sUAWSADLL)

VA regulatory '/ Tramework, . < 1or . carpon - capture. - and = storage -
(373908 803@9ADM) \

Directive - of European Parliament and of the Council
on the Geological Storage of Carbon Dioxide




Portugal - National Allowance Allocation Plan 2008 - 2012

Main Sectots and Installations (Allowances 2400x10° tCO, eq)

PNALE:-Il/Despacho conjunto . n°2836/2008,8 Jan 2008 (DR 2s 25,5 Fev 2008)
Allowances/year

Nr Sector Sub-sector Installations (t CO,eq)
1 Energy 0 Thermal Plants Coal Central Termoeléctrica do Pego (Tejo Energia) 2723011
2 Coal Central Termoeléctrica de Sines (CPPE) 5833 317
3 CCGT Central Termoeléctrica do Ribatejo (CPPE) 1423 103
4 CCGT Central de Ciclo Combinado da Tapada do Outeiro ( Turbogas) 1198 020
5 Fuel Central Termoeléctrica de Setubal (CPPE) 1118999
6 Energy - Petroleum Refining P. Refining Refinaria de Sines (Petrogal) 2 137 550
7 P. Refining Refinaria do Porto (Petrogal) 1 098 025
8 Energy - Cogeneration Chemistry Sines (Repsol) 411 058
9 Energy 6 Chemical Industry Chemistry Sines (Repsol Polimeros d0lefinas) 620 936
10 Cement & Lime Cement Maceira-Liz (CMP) 762 823
11 Cement Secil - Outéao (Secil) 1489 648
12 Cement Alhandra (Cimpor) 1748 681
13 Cement Loulé (Cimpor) 503 429
14 Cement Souselas (Cimpor) 1750 901
15 Cement Cibra d Pataias (CMP) 421 805

Total 23 241 306 (72.2%)
Others 7 258 694 (23.8%)
Total Portuguese Allowances 30 500 000 (100%) m) 1.47% of total EU27 Allowances




CO, Evropcan Allowance Allocation Plan
(in 10° ton)

Member Stat: 1st periocl 2005 verifiet Proposed cayf. Cap allowed 202®12 (ir Additional emission JI/CDM limit
- cap emissions 20082012 relation to proposed) in 2008012 20082012n %

Austria  33.0 33.4 32.8 30.7 (93.6%) 0.35 10
Belgium 62.1  55.58 63.3 58.5 (92.4%) 5.0 8.4
Bulgaria  42.3 40.6 67.6 42.3 (62.6%) n.a 12.55
Cyprus 5.7 5.1 7.12 5.48 (77%) n.a. 10

Czech Rep. 97.6 82.5 101.9 86.8 (85.2%) n.a. 10

Denmark  33.5 26.5 24.5 24.5 (100%) 0
Estonia 19 12.62 24.38 12.72 (52.2%) 0.31
Finland 45.5 33.1 39.6 37.6 (94.8%) 0.4
France 156.5 131.3 132.8 132.8 (100%) 5.1

Gamany 499 474 482 453.1 (94%)

Greece 74.4 71.3 75.5 69.1 (91.5%)

Hungary  31.3 26.0 30.7 26.9 (87.6%)

Ireland 22.3 22.4 22.6 22.3 (98.6Y%
Italy 223.1 225.5 209 195.8 (93.7%)

European Commission 2008




CO, Europecan Allowance Allocation Plan

(continuation )
(in 10° ton )

1st periocl 2005 verifiet Proposed cay. Cap allowed 202812 (ir Additional emission JI/CDM limit
cap  emissions 20082012 relation to proposed) in 2002012  20082012in %

Latvia 4.6 2.9 7.7 3.43 (44.5%) n.a. 10
Lithuania  12.3 6.6 16.6 8.8 (53%) 0.05 20
Luxembour; 3.4 2.6 3.95 2.5 (63%) n.a. 10
Malta 2.9 1.98 2.96 2.1 (71%) n.a.
Netherlands 95.3 80.35 90.4 85.8 (94.9%) 4.0 10

Member Stat:

Poland  239.1  203.1 284.6 208.5 (73.3%) 6.3 10
Portugal  38.9 36.4 35.9 34.8 (96.9%) 0.77 10
Romania  74.8 70.8 95.7 75.9 (79.3%) n.a 10
Slovakia  30.5 25.2 41.3 30.9 (74.8%) 1.7 7
Slovenia 8.8 8.7 8.3 8.3 (100%) n.a.

Spain 1744  182.9 152.7 152.3 (99.7%) 6.7
Sweden  22.9 19.3 25.2 22.8 (90.5%) 2.0

UK 2453  242.4 246.2 246.2 (100%) 9.5

SUM 2298.5 212216  2325.34

European Commission 2008




Zmain production sites

1 8 Central Termoeléctrica do Pego (Tejo Energia)

2 0 Central Termoeléctrica de Sines (CPPE)
¥ 3 8 Central Termoeléctrica do Ribatejo (CPPE)

4 ¢ Central de Ciclo Combinado da Tapada do Outeiro
‘ (Turbogas )
¥ 5 0 Central Termoeléctrica de Setabal (CPPE)

I 6 6 Refinaria de Sines (Petrogal)

=19 0 Sines ( Repsol Polimeros - Olefinas )

10 & Macieira 6 Liz (CMP)
11 8 Secil dOutdo (Secil )
112 8 Alhandra ( Cimpor )
13 & Loulé ( Cimpor )

14 d Souselas (Cimpor )
15 d Cibra (Pataias )

lTotal Allowances for the sites represented
in the map : 23 241 306 (72.2%)

Total Portuguese Allowances °
30 500 000 (100 %)

CIAGEB 0 UFP 2009 (Geographic basis: Google Earth)




The Portuquese Research Community in GCS:

» Capture (C)
> Transport (T)
» Gecological Storage
vGCoal ($C)
v Saline Aquifers (SAN)
vMMN. Carbonation (M)
» Public Perception (PP)

FCUL - Faculdade de Ciencias, Universidade de Lisboa (5, $m)
FEUP - Faculdade de Engenharia, Universidade do Porto (C)

IST — Instituto Superior Tecnico (C, SC, SA)
UNEG (INETI) - Laboratorio Nacional de Energia e Geologia (C, T, $n, PP)

UE - Universidade de Evora (c, sn, pp)
UFP - Universidade Fernando Pessoa (C, $SC, SA, PP)






