
Good News for CO2 Storage under the

Seabed

A
joint 28th Meeting of

Contracting parties to the

London Convention and the

1st Meeting of Contracting Parties to

the 1996 Protocol to the London

Convention was held in London from

30th October-3rd November.

The meeting discussed a proposal

tabled by Australia and supported by

a number of countries including

Norway, Spain, the UK, and France.

The proposal was an Amendment to

Annex 1 of the 1996 Protocol which

would have the effect of establishing

the legality of storing CO2 in

sub-seabed geological formations.

The necessary 2/3 majority of the

Contracting Parties voted in favour of

adopting the resolution with no votes

against. There were however, a

number of abstentions mainly due to

reservations about the need for

specific guidance, in particular, on

potential impurities in the CO2

stream.

The Draft Resolution on the

Amendment to Include CO2

Sequestration in Sub-seabed

Geological Formations in Annex I to

the London Protocol expressed

serious concern about the

implications to the marine

environment of climate change and

ocean acidification (both due to

elevated concentrations of carbon

dioxide in the atmosphere). It

recognised that CCS is an important

mitigation option and expressed the

desire for regulation of CCS in

sub-seabed formations to ensure the

protection of the marine

environment. The resolution was

adopted on the 2nd November 2006.

Although Annex 1 is, in effect, a list of

wastes or other matter that may be

considered for dumping, the

Amendment refers only to disposal of

CO2 in sub-sea geological formations.

It does not refer to CO2 disposal in the

sea itself. There was some debate

about the purity of the CO2 stream

and it was agreed that it should

consist overwhelmingly of CO2 but

could contain incidental associated

substances derived from the source

material and the capture and

sequestration processes. Terms of

Reference were agreed for the London

Convention’s Scientific group to

develop specific guidelines for the

assessment of carbon dioxide streams

for disposal into sub-seabed

geological formations. These
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Seasons Greetings
The IEA Greenhouse Gas R&D Programme wishes all

readers of Greenhouse Issues,

Seasons Greetings and Best Wishes

for the coming new year.



guidelines will be developed during

early 2007 with the intention of

finalising them by April and

submitting them to the 29th

Consultative Meeting to be held in

November 2007.
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Stern Review on

the Economics of

Climate Change

T
he review by Sir Nicholas Stern,

head of the UK government

economic service, and former

World Bank chief economist, was

published on 30th October 2006. It is

a comprehensive review on the

economics of climate change. Sir

Nicholas said ‘The conclusion of the

Review is essentially optimistic. There

is still time to avoid the worst impacts

of climate change, if we act now and

act internationally. Governments,

businesses and individuals all need to

work together to respond to the

challenge. Strong, deliberate policy

choices by governments are essential

to motivate change. But the task is

urgent. Delaying action, even by a

decade or two, will take us into

dangerous territory. We must not let

this window of opportunity close’.

The first half of the Review focuses on

the impacts and risks arising from

uncontrolled climate change, and on

the costs and opportunities

associated with action to tackle it. The

Review finds that all countries will be

affected by climate change, but it is

the poorest countries that will suffer

earliest and most. Unabated climate

change risks raising average

temperatures by over 5°C from

pre-industrial levels. Such changes

would transform the physical and

human geography of the planet.

Adding up the costs of a narrow

range of the effects, based on the

IPCC 2001 assessment of the science,

the Review calculates that the

dangers of unabated climate change

would be equivalent to at least 5% of

GDP each year. More recent scientific

evidence is then considered, such as

the risk that more greenhouse gases

will be released naturally as the

permafrost melts; the economic

effects on human life and the

environment; and approaches to

modelling that ensure the impacts

that affect poor people are weighed

appropriately. Taking these together,

the Review estimates that the dangers

could be equivalent to 20% of GDP or

more.

In contrast, the costs of action to

reduce greenhouse gas emissions to

avoid the worst impacts of climate

change can be limited to around 1%

of global GDP each year. People

would pay a little more for

carbon-intensive goods, but

economies could continue to grow

strongly. The costs could be lower if

there are major gains in efficiency, or

if the strong co-benefits, for example

from reduced air pollution, are

measured. The costs will be higher if

innovation in low-carbon

technologies is slower than expected,

or if policy-makers fail to make the

most of economic instruments that

allow emissions to be reduced

whenever, wherever and however it

is cheapest to do so.

If no action is taken to control

emissions, each tonne of CO2 that we

emit now is causing damage worth at

least $85. But these costs are not

included when investors and

consumers make decisions about how

to spend their money. Emerging

schemes that allow people to trade

reductions in CO2 have shown that

there are many opportunities to cut

emissions for less than 25 $/tCO2.

Thus, reducing emissions will make

us better off. According to one

measure, the benefits over time of

actions to shift the world onto a

low-carbon path could be in the

order of $2.5 trillion each year.

The shift to a low-carbon economy

will also bring huge opportunities.

Markets for low-carbon technologies

will be worth at least $500 billion by

2050, if the world acts on the scale

required. Thus, tackling climate

change is the pro-growth strategy;

ignoring it will ultimately undermine

economic growth.

The Review looks at what this analysis

means for the level of ambition of

global action. It concludes that the

levels of greenhouse gases in the

atmosphere should be limited to

somewhere within the range

450-550 ppmCO2eq. (The current

level is 430 ppmCO2eq, and it is

rising at more than 2 ppm/y). A level

higher than this would greatly

increase the risks of very harmful

impacts, but would only reduce the

expected costs of mitigation by

comparatively little. Anything lower

would impose very high adjustment

costs in the near term and might not

even be feasible, not least because of

past delay in taking strong action.

Ultimately, stabilisation, at whatever

level, requires that annual emissions

be brought down to more than 80%

below current levels. This is a major

challenge, but sustained long-term

action can achieve it at costs that are

low in comparison with the risks of

inaction. It would already be very

difficult and costly to aim to stabilise

at 450 ppmCO2eq. If we delay, the

opportunity to stabilise at 500-550

ppmCO2eq may slip away.

Emissions can be cut through

increased energy efficiency, changes

in demand, and through the adoption

of clean power, heat and transport

technologies. The global power sector

needs to be at least 60% decarbonised

by 2050 for atmospheric

concentrations to stabilise at or below

550 ppmCO2eq, and deep emissions

cuts will also be required in the

transport sector.

Even with strong expansion of the use

of renewable energy and other

low-carbon energy sources, fossil

fuels could still make up over half of

global energy supply in 2050. Coal

will continue to be important in the

global energy mix. Extensive carbon

capture and storage will be necessary

to allow the continued use of fossil

fuels without damage to the

atmosphere.

The second half of the Review

examines the national and

international policy changes of

moving to a low-carbon global

economy. Climate change is the

greatest market failure the world has

seen. Three elements of policy are

required for an effective response.

The first is carbon pricing through

taxation, emissions trading or

regulation, so that people are faced

with the full social costs of their

actions. The aim should be to build a

common global carbon price across

countries and sectors.
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The second is technology policy, to

drive the development and

deployment at scale of a range of

low-carbon and high-efficiency

products. The third is action to

remove barriers to energy efficiency,

and to inform, educate and persuade

individuals about what they can do to

respond to climate change.

Effective action requires a global

policy response, guided by a common

international understanding of the

long-term goals for climate policy

and strong frameworks for

co-operation. Key elements of future

international frameworks should

include: emissions trading,

technology co-operation, action to

reduce deforestation, and adaptation.

Climate change demands an

international response, based on a

shared understanding of long-term

goals and agreement on frameworks

for action. Many countries and

regions are taking action already. The

UN FCCC and the Kyoto Protocol

provide a basis for international

co-operation, along with a range of

partnerships and other approaches.

But more ambitious action is now

needed.

Emissions Trading

Expanding and linking the growing

number of emissions trading schemes

around the world is a powerful way

to promote cost-effective reductions

in emissions and to bring forward

action in developing countries. In

addition, strong targets in rich

countries could drive flows

amounting to tens of billions of

dollars each year to support the

transition to low-carbon

development paths.

Technology Co-Operation

Informal co-ordination as well as

formal agreements can boost the

effectiveness of investments in

innovation around the world.

Globally, support for energy R&D

should at least double, and support

for the deployment of low-carbon

technologies should increase up to

five-fold. International co-operation

on product standards is a powerful

way to boost energy efficiency.

Action to Reduce

Deforestation

The loss of natural forests around the

world contributes more to global

emissions each year than the

transport sector. Curbing

deforestation is a highly cost-effective

way to reduce emissions. Large-scale

international pilot programmes to

explore the best ways to do this

should get underway very quickly.

Adaptation

The poorest countries are the most

vulnerable to climate change. It is

essential that climate change be fully

integrated into development policy,

and that rich countries honour their

pledges to increase support through

overseas development assistance.

International funding should also

support improved regional

information on climate change

impacts, and research into new crop

varieties that will be more resilient to

drought and flood.

In summary, the Review has assessed

a wide range of evidence on the

impacts of climate change and on the

economic costs, and has used a

number of different techniques to

assess the costs and risks. From all of

these perspectives, the evidence

gathered by the Review leads to a

simple conclusion: the benefits of

strong and early action far outweigh

the economic costs of not acting. The

investment that takes place now and

in the next 10-20 years will have a

profound effect on the climate in the

second half of this century and in the

next. Our actions now and over the

coming decades could create risks of

major disruption to economic and

social activity, on a scale similar to

those associated with the great wars.

And it will be difficult or impossible

to reverse these changes. So prompt

and strong action is clearly

warranted.

IEA GHG Comments on

the Review

Media reaction to the review focused

on the reported impacts of climate

change and their economic

implications. In particular, the

argument that spending large sums

of money now, on measures to reduce

carbon emissions would prevent a

much greater financial penalty from

climate change damages. There has

been some comment that the report is

‘alarmist’ because it attempts to deal

with uncertain but potential major

impacts such as the melting of the

Greenland ice sheet.

IEA GHG worked on the assessment

of climate change impacts in the mid

1990’s and the results were similar to

the lower end of results produced

then by environmental economists

and to these new figures in the Stern

Review. See report pictured.

However, the quantification of

potential impacts is an imprecise

science and allocating a cost to these

uncertain impacts has many

difficulties. These difficulties and

uncertainties are discussed in the IEA

GHG report. The report is somewhat

out of date but we do have a few

copies available on request.

The Stern review can be down-

loaded at: www.sternreview.org.uk

Hard copies will be available from

January 2007, and can be ordered

from Cambridge University Press

at www.cambridge.org/978052170

0801

The IEA GHG Report
produced in the 1990's
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CO2ReMoVe

Project

EU and Industry to

Develop New

Technologies for

Monitoring Geologically

Stored CO2

A
n extensive new research

program into the long-term

potential for CO2 capture and

storage (CCS) technology to help

reduce global greenhouse gas

emissions has been launched by a

consortium of leading energy

companies, research organizations

and the European Union. Over the

next five years, the CO2ReMoVe

project will study the geological

storage of CO2 at oil and gas field

operations in the North Sea Sleipner

and Snohvit fields (Norway), the

Sahara desert at In Salah (Algeria),

and the German locality of Ketzin.

These projects involve the

industrial-scale storage of CO2 in

deep geological formations (rather

than releasing it to the atmosphere).

CO2ReMoVe will trial a number of

approaches to monitoring and

verifying CCS activities at the four

storage sites included in the program.

These methodologies will include 3D

seismic technology, electromagnetic

testing, fluid sampling from within

the fields, and soil testing. The

research program is also intended to

lead to the development of

scientifically-based best-practice

guidelines for the identification of

suitable storage sites and protocols &

tools for monitoring the storage of

CO2 in these sites. The results will be

shared to advance worldwide

understanding of how CO2 can be

stored and monitored safely. The

project is expected to conclude by

mid 2011.

The European Commission

Directorate General for Research is

the lead sponsor and will provide

€8m to the CO2ReMoVe project. The

project will be carried out by

researchers from a number of

European academic institutions, with

technical guidance provided by the

consortium partners and

coordination by the Netherlands

Organization for Applied Scientific

Research (TNO).

Leading European energy companies

(BP, ConocoPhillips, ExxonMobil,

Wintershall, Schlumberger, Statoil,

Total and Vattenfall) will provide

technical guidance and contribute a

total of €7m to support CO2ReMoVe.

Other participating organisations

include DNV, the International

Energy Agency and a number of

academic research organisations. In

total, 28 parties from 11 different

countries will participate in the

project. For more information please

contact Ton Wildenborg (e-mail:

ton.wildenborg@tno.nl, tel. +31 30

256 4636)

Sleipner A Platform by sunset. (Courtesy of Statoil)

CO2GeoNet -

Offshore Buoy for

Monitoring

Subaquatic CO2

Leakage

By Hans-Martin Schulz & the
CO2GeoNet submarine CO2

monitoring team*

O
ne research objective of the

EU-funded project

CO2GeoNet (Network of

Excellence; [1]) is to develop, test and

operate an offshore buoy for

monitoring subaquatic CO2. This

work gains basic experience, and will

define technical gaps in order to

facilitate further developments of

continuous geochemical monitoring

devices (e.g. within the EU-supported

CO2ReMoVe project) as applied to

open sea environments and lakes.

Integration is a main goal of the

network. The aim of collaboration in

CO2GeoNet is to (I) integrate the

individual partner´s expertise, and to

(II) establish the basic infrastructure

within the team for forthcoming gas

and water monitoring coupled to

ecological impact investigation at

natural CO2 site.

Partners for the development, testing

and operation of the offshore buoy

are BGR, OGS and URS.

The Bundesanstalt fur

Geowissenschaften und Rohstoffe

(BGR, Hannover, Germany) is the

central scientific and technical

institution to support the federal

government and consults ministries,

the EU, and the German industry in

all geo-relevant matters, e.g.

regarding gas monitoring with

analytical expertise [2].

The Istituto Nazionale di

Oceanografia e di Geofisica

Sperimentale (OGS, Trieste, Italy) is a

research institute financed by the

Italian Ministry of University and

Research. Its function is to carry out

applied and basic research in

geology, geophysics and

oceanography, as well as to

disseminate knowledge in these

fields [3].
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The Fluid Geochemistry Group at the

Università di Roma “La Sapienza”

(URS, Rome, Italy) is a well

established research entity which has

been involved over the last 25 years

in the study of gas generation,

migration and accumulation, as well

as aqueous geochemistry, in both

natural and human-altered

geological systems [4].

Activities

The work of this JRA (Joint Research

Activity) in the framework of

CO2GeoNet started in July 2005.

BGR, OGS and URS jointly elaborated

a concept for the technical

development and construction of a

CO2 monitoring buoy. The main

challenge of this cooperation was to

define the technical prerequisites for

the installation of the monitoring

devices and to integrate all the single

devices with a limited power supply.

OGS has a long experience in

designing, assembling, deploying

and maintaining offshore

monitoring systems. Three real-time

meteo-oceanographic buoys are

currently in operation in the Gulf of

Trieste (northeastern Adriatic Sea).

Two buoys are endowed with

profiling probe and acoustic current

profiler. Moreover, also two acoustic

current profilers, monitoring the

flux of the two main rivers in the

area, and three Directional

Waveriders are currently working in

real-time, all managed by the OGS

Oceanography Department in the

frame of monitoring programs.

Based on these experiences, OGS

constructed a buoy as a platform for

this monitoring JRA. The buoy is

equipped with a power supply

system, a sea-floor apparatus and an

elastic mooring-link (Fig. 3),

especially designed for the technical

requirements of this project.

Originally equipped with three solar

panels, the new monitoring buoy has

six solar panels. OGS deployed the

buoy in its offshore position, and

carried out the diving activities

(fixing the buoy and the sampling

funnel on the seafloor). As a final

task, OGS will establish an

online-presentation of data on the

CO2GeoNet webpage which will be

available to all CO2GeoNet partners.

Fig. 2 - The new monitoring buoy in the offshore test position.

Fig. 1 - The CO2GeoNet submarine CO2 monitoring team (from left to right):
Aldo Annuntiatellis, Guido Crispi, Roberto Laterza, Jürgen Poggenburg,
Hans-Martin Schulz & Dino Viezzoli. Eckart Faber (BGR) and Stefano
Graziani (URS) are missing here.

A funnel-like sampling system is used

to sample the gas escaping from vents

on the sea floor. Gas bubbles migrate

upwards within a pipe to the

monitoring devices on the buoy. BGR

developed a gas monitoring device

for CO2, CH4 and gas flow rates,

including a 3-way plastic sphere

valve for taking gas samples. Due to

local methane fluxes analysed in the

Gulf of Trieste by OGS and BGR in an

earlier study, both a CO2 and CH4

sensor were installed. Furthermore,

BGR designed the baseline technical

devices for data acquisition, storage

and download. Original data are

accessible to all partners for analysis.

URS developed a monitoring device

for the analysis of dissolved CO2 and

CH4. The methane sensor for the

analysis of dissolved CH4 is mounted

on the BGR system and placed at the

sea-bottom. A CO2 IR sensor is

included in the monitoring device

mounted on the OGS buoy, and

specifically developed for this JRA. A

semi-permeable tube, placed at the
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sea-bottom, is used to collect air with

CO2 in equilibrium with dissolved

CO2. The air in the tube is conveyed

to the IR sensor by using a

micro-pump. Collected data are

stored in the monitoring device and

available for the BGR data-logger.

The first offshore operation of the

monitoring buoy started in

September 2006. Since then data

about free and dissolved CO2 and

CH4 gas concentrations and gas

fluxes are delivered. This first

operational testing of basic gas

monitoring installations was

conducted in the Gulf of Trieste as

this is an appropriate marine test site

due to the available infrastructure by

OGS and due to its shallow water

depth of less than 20 m.

Outlook

After a test period and the

recognition of technical gaps, several

topics still have to be considered in

forthcoming developments. These

are e.g. (I) gas monitoring in a more

offshore site with larger gas

emissions from the seafloor, and (II)

testing the system in harder

environmental conditions (higher

waves and stronger currents) etc.

Subaquatic gas leakage occurs in

open-sea environments and inland

lakes. The development of a gas

monitoring unit also for lacustrine

environments will help to gain

Fig. 3 - The gas sampling funnel in a tripod frame

long-term data sets to establish

natural baselines in aquatic realms.

The northern parts of the

Netherlands, Germany, and Poland

form a belt of lowlands. These regions

were morphologically overprinted

during the last glacial, and many

lakes resulted from glacier melting.

This region is underlain by numerous

mature gas fields. These gas fields are

preferred targets for forthcoming

CO2 injection projects. Thus, tools for

monitoring subaquatic gas leakage

also in inland lakes will be highly

needed in such projects.

Resources

[1] www.co2geonet.com

[2] www.bgr.bund.de

[3] www.ogs.trieste.it

[4] http://tetide.geo.uniroma1.it

*The CO2GeoNet submarine CO2

monitoring team: Istituto Nazionale di
Oceanografia e Geofisica Sperimentale,
Trieste (Italy): Dino Viezzoli, Guido Crispi,
Roberto Laterza; University of Rome
(Italy): Aldo Annuntiatellis, Stefano
Graziani, Salvatore Lombardi;
Bundesanstalt für Geowissenschaften,
Hannover (Germany): Eckart Faber,
Manfred Teschner, Jürgen Poggenburg.

Acknowledgements Thanks to Fabio
Brunetti, Alessandro Bubbi, Davide
Deponte, Paolo Mansutti, Nevio Medeot,
Fulvio Moro and Rajesh Nair (OGS
technical staff) for the friendly and
invaluable contribution to the activities
described here.

CO2-EOR

Monitoring Pilot

Pembina Cardium,

Alberta, Canada

T
he monitoring of CO2 injection

at one of the four pilot

CO2-enhanced oil recovery

(EOR) pilot projects in Alberta,

Canada, that have been initiated with

support from both the provincial and

federal governments, has been

underway for over one year. Carbon

dioxide trucked to the site from a

nearby gas plant is injected at ~1760

m depth into the Pembina Cardium

oil field, which is the largest

conventional oil field in Canada. The

monitoring site, which is owned and

operated by Penn West Energy Trust,

was selected in 2004 by a research

team involving the Alberta Energy

and Utilities Board (Alberta

Geological Survey) the Alberta

Research Council, the University of

Alberta and the University of Calgary

as the most suitable of the four pilot

projects for a comprehensive CO2

monitoring research program. Since

project initiation in the winter of

2005, research providers from these

organisations have collaborated on

deploying state of the art monitoring

tools and techniques, building on the

recent learnings from other similar

projects, including the IEA GHG

Weyburn CO2 Monitoring and

Storage Project. The Pembina

Cardium is complementary to the

Weyburn field being a clastic

reservoir. The monitoring research

program is planned to last until at

least 2008.

Under the auspices of Canada’s

Energy Innovation Network

(EnergyINet) Carbon Management

program, research is being

undertaken in the following areas:

� Baseline Geology and

Hydrogeology

� Assessment of the Potential for

CO2 Leakage

� Reservoir Surveillance

� Environmental Monitoring

� Geophysical Monitoring

� Geomechanical Characterization

of the Reservoir and Seals
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� Geochemical Modelling and

Monitoring

� Reservoir Modelling

The focus in 2006/06 has been on

developing and deploying the

monitoring tools and gathering

baseline information on the reservoir

and surrounding area.

As part of the Penn West CO2 EOR

Pilot Monitoring Project, an existing

production well was offered by Penn

West as a monitoring/observation

well for the duration of the CO2-EOR

Pilot.

The well is located less than 100m

away from a new producer and was

instrumented with downhole

pressure and temperature sensors,

geophones and fluid sampling

devices. Over the tenure of the Penn

West CO2 Monitoring Project, a

detailed analysis of all aspects of the

observation well completion, cement

behaviour, annular flow behaviour,

and the integrity of downhole

systems will be undertaken. Synthesis

of this information will provide the

basis for recommendations regarding

the deployment of downhole

technology in observation wells used

for the monitoring and verification of

CO2 movement in the subsurface.

The monitoring pilot, which is a key

initiative of EnergyINet’s Carbon

Management program, is being

funded by the federal government of

Canada and the province of Alberta,

is expected to continue until at least

March 2008.

The deployment of monitoring
technologies at the observation well.

For more information, contact: Brent

Lakeman, Alberta Research Council

at Lakeman@arc.ab.ca or by

telephone at: +1 780 450 5274

Greenhouse Gas

Mitigation

Developments in

Australia

T
here are a number of CCS

projects now proposed for

Australia, these are listed in the

figure below. Many of these projects

have been featured in earlier editions

of Greenhouse Issues. The proposed

CCS projects include several

announced recently under the Low

Emission Technology Development

Fund (LETDF). The LETDF is an

$A500m government fund to

support industry-led projects

to demonstrate low-emission

technologies. The technologies must

have the potential to lower

Australia’s emissions by at least 2 per

cent in the long term at a realistic

uptake rate, and be commercially

available by 2020 to 2030. The fund

is designed to facilitate private sector

investment of at least $A1 billion, and

provides a path by which industry

can invest in a low-emissions future.

Proposed CCS projects in Australia

The recently announced CCS projects

include:

� $A50 million has been allocated

towards a $A360 million pilot for

a brown coal drying and a

post-combustion carbon dioxide

capture and storage project at the

International Power’s Hazelwood

facility. Construction will begin

early next year with the project to

be completed by the end of 2009.

� The Fairview Power Project in

Queensland to extract methane

from coal then bury the carbon

dioxide emissions will receive

$A75 million from the

Commonwealth to build a new

power plant at Injune, near Roma.

The total life cycle cost of this

project is $A445 million with

commencement in April 2007 to

be completed by 2015.

� $A50 million is to also be provided

to CS Energy’s world-first

Oxy-Fuel Demonstration Project

to retrofit the Callide power plant.

The $A188 million project

involves burning coal in an

oxygen-rich environment to

produce electricity. The resulting

exhaust gases, which include a

high concentration of carbon

dioxide, can be captured and

geosequestered. The project will

be completed in 2015.

Other projects funded included:

Solar Systems which received $A75
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million for its $A420 million

large-scale solar concentrator in

regional Victoria. The power station

will use high performance solar cells

originally developed to power

satellites. Solar Systems has

developed the capability to

concentrate the sun by 500 times

onto the solar cells for ultra high

power output. The power station will

use technology known as ‘Heliostat

Concentrator Photovoltaic’ (HCPV).

It will consist of fields of heliostats

(sun-tracking mirrors) focusing

sunlight on receivers. The receivers

house photovoltaic (PV) modules,

which consist of arrays of ultra

high-efficiency solar cells that

convert the sunlight directly into

electricity. The heliostat control

system, PV modules and cooling

system are patented by Solar Systems

In addition, Australia has announced

a $A60 million grant as part of the

Asia-Pacific Clean Development and

Climate Partnership (AP6) for 42

collaborative projects, ranging from

capture carbon demonstrations at

power stations, to highly efficient

solar panels has been announced

The funding is the first installment of

Australia’s pledged $A100 million to

the AP6 programme. Task Forces

covering cleaner fossil fuels,

renewable and distributed energy,

power generation and transmission,

aluminium, buildings and

appliances, cement, coal and steel

have developed action plans for the

eight areas that feature over 90

project proposals.

Projects that were granted funding

include several CCS projects:

� $A8 million to carry out testing of

the CSIRO’s mobile Post

Combustion Capture plant under

various conditions to develop

the technology for commercial

application;

� $A5 million for CO2 enhanced

coal bed methane;

� $A3 million for CO2 Capture and

Storage Program;

Other projects funded included:

� $A5 million under the Renewable

Generation and Distributed

Energy Task Force to support the

pilot of solar concentrator

photovoltaic technology and

facilitate planning and approval

processes for deployment of the

power stations across Partnership

countries, in particular China and

the United States

� $A1 million for High Silica Bauxite

processing under the Aluminum

Task Force;

� $A2 million to support an

Integrated Coal Production and

Methane Extraction project;

� $A1.15 million to establish a

Cement Centre of Excellence; and

� $A2 million to align national

stand-by power approaches across

participating countries.

Further information is available at

www.dfat.gov.au/environment/

climate/ap6/

IEA Report -

Energy

Technology

Perspectives 2006

T
his publication is a response to

the statements of the G8 leaders

at the Gleneagles Summit in

July 2005 and to a meeting of the

IEA’s energy ministers. It presents the

status and prospects for key energy

technologies and assesses their

potential to make a difference to CO2

emissions by 2050. It outlines the

barriers to implementing these

technologies and the measures that

can overcome such barriers. This

article summarises the findings of

Energy Technology Perspectives

2006.

The world is not on course for a

sustainable energy future. If present

trends continue, CO2 emissions and

oil demand will continue to grow

rapidly over the next 25 years. In the

baseline scenario used in this study,

CO2 emissions will be almost 2.5

times the current level by 2050. This

forecast can be changed. Accelerated

Technology scenarios (ACTs) are

used in the report to show that by

employing technologies that already

exist or are under development, the

world could be brought onto a much

more sustainable energy path. The

scenarios show how energy-related

CO2 emissions can be returned to

their current levels by 2050 and how

the growth of oil demand can be

moderated. They also show that by

2050, energy efficiency measures

can reduce electricity demand by a

third below the baseline levels.

Savings from liquid fuels would

equal more than half of today’s global

oil consumption, offsetting about

56% of the growth in oil demand

foreseen in the baseline scenarios.

In the ACT scenarios, most of the

world’s energy in 2050 is still

supplied by fossil fuels. In all five of

them, demand for energy services is

assumed to grow rapidly, especially

in developing countries. The

scenarios show how this demand can

be met with lower CO2 emissions by

the implementation of a wide range

of policies, including; increased

RD&D efforts and deployment

programmes, as well as economic

incentives to advance the uptake of

low-carbon technologies. All the ACT

scenarios consider the same policies,

but vary the assumptions about the

rate of change for energy efficiency

gains, costs and timing of uptake of

technologies. The sixth scenario,

TECH Plus uses more optimistic

assumptions about the rate of

progress for renewables and nuclear

electricity generation technologies,

as well as for advanced biofuels and

hydrogen fuel cells in the transport

sector.

The costs of achieving a more

sustainable energy future in the ACT

scenarios are not disproportionate,

but they will require substantial

effort and investment by both the

public and private sectors. When

fully commercialised, none of the

technologies are expected to have an
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incremental cost of more than 25

$/tCO2 emissions avoided. There are

large uncertainties when looking 50

years ahead. However, two main

conclusions seem robust. First,

technologies do exist that can make a

difference over the next 10-50 y.

Second, none of these technologies

can make a sufficient difference on

their own. Pursuing a portfolio of

technologies will reduce the risks and

probably the costs. The key

conclusions from the ACT scenarios

are summarised below.

� Improved energy efficiency in the

building, industry and transport

sectors leads to between 17-33%

lower energy use than the baseline

scenario by 2050.

� CCS technologies contribute

20-28% of total CO2 reductions

below the baseline scenario by

2050. Clean coal technologies

with CCS offer a particularly

important opportunity to

constrain emissions in rapidly

growing economies with large

coal reserves, such as China and

India.

� The share of natural gas is

electricity generation remains

relatively robust in all of the ACT

scenarios, ranging from 23-28%

of total generation in 2050. This

represents a more than doubling

of gas-based electricity generation

from 2003 levels.

� The increased use of nuclear

power could substantially reduce

emissions of CO2. If nuclear power

accounted for 16-19% of global

electricity generation in 2050, it

would account for 6-10% of the

reduction in CO2 emissions.

� By 2050, the increased use of

renewables such as hydropower,

wind, solar and biomass in power

generation contributes 9-16% of

the CO2 emission reductions. The

share of renewables in the

generation mix increases from

18% today, to up to 34% by 2050.

� In the TECH Plus scenarios

hydrogen and biofuels provide

35% of total final transport energy

demand, up from around 13% in

the ACT scenarios and 3% in the

baseline scenario. This returns

primary oil demand in 2050 back

to about today’s level.

The ACT scenarios that bringing CO2

emission levels in 2050 back to

current levels, could offer a pathway

to eventually stabilise CO2

concentrations in the atmosphere.

But for this to happen, the trend of

declining CO2 emissions achieved by

2050 would have to continue into the

second half of the 21st century.

The report highlights that it will take

a huge and co-ordinated

international effort to achieve the

results implied by the ACT scenarios.

Improving energy efficiency is often

the cheapest, fastest and most

environmentally friendly way to

meet the world’s energy needs. It also

reduces the need for investing in

energy supply. Several new

technologies that are already on the

market need government backing if

they are to be mass deployed. There is

a particularly urgent need to

commercialise advanced coal-fired

power plants with CCS. If this is done,

coal can continue to play a major role

in the energy mix to 2050,

significantly reducing the costs of

shifting to a more sustainable energy

future.

"Energy Technology Perspective

2006", OECD/IEA, Paris.

www.iea.org/Textbase/publications

/index.asp

CDM Conference

and CCS

Roundtable

T
he first international

conference on the clean

development mechanism

(CDM) in Saudi Arabia took place in

September 2006. The theme of the

conference was ‘The Kyoto Protocol

and Saudi Arabia: from observation to

acceptance and fast implementation’.

Immediately after the conference, the

government hosted an EU-OPEC

roundtable on CO2 capture and

storage (CCS). The aim of the

roundtable was to give an update on

the latest developments in

technology, costs, policies and

regulations related to CCS; identify

factors necessary to ensure rapid

expansion of CCS; and discuss

potential roles for the EU-OPEC

Dialogue in promoting CCS.

Mohammed Al-Sabban, senior

advisor to the Minister of Petroleum

and Natural Resources of Saudi

Arabia, chaired the conference on the

CDM. He noted the continued

importance of oil for energy

production globally, and that

mechanisms such as CCS are critical

for reducing emissions. The goal of

the conference, he said, was to

increase awareness of such new

mechanisms and to establish

principles for implementing the

CDM. Al-Sabban said that the

adoption of the CDM under the Kyoto

Protocol is an example of realising

business between industrialised and

non-industrialised countries and

suggested that the CDM is a key

instrument for addressing sustainable

development. According to

Mohammed Barkindo of OPEC, the

CDM is an investment mechanism,

which is important for developing

countries in transferring technology

and facilitating sustainable

development. OPEC views

technological options that allow the

continued use of oil as critical to the

climate change regime. CCS is a

win-win opportunity for storing CO2

and increasing oil reserves in mature

fields.

The first session of the conference

provided an overview of the CDM.

The CDM is one part of a set of

incentives and financial options for

bringing about mitigation, adaptation

and sustainable development. It will

be important to optimise CDM

processes so as to ensure real

emissions reductions and the delivery

of assistance to developing countries,

according to Barani Schmidt of the

UNFCCC Secretariat.

CDM methodology was the focus of

session 2. The chairman, Richard

Bradley of the IEA, concluded the

session by saying that, while there is a

lot of focus on international rules,

tools and methodologies relating to

the CDM, these need to be customised

to national and cultural

circumstances on order to ensure

sound implementation.

The third session considered a variety

of CDM projects. The CDM executive

board has registered 299 project

activities and reviewed 20 cases. 57

methodologies have been approved

and another 66 are being considered.
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It is estimated that there will be 1.2

billion CERs (certified emission

reductions) by 2012 from projects

currently in the CDM pipeline.

Future challenges for the CDM

executive board include: managing

an increasing case load; operational

supervision; clarifying terms and

concepts; and improving procedures.

Harry Audus (IEA GHG) reported on

progress being made towards

agreement on the principles of a

CCS-CDM methodology. The CDM

could be an important mechanism

for contributing to the establishment

of CCS as a major option for

emissions reduction and, although

there are several issues that remain to

be addressed, they do not appear to be

‘show stoppers’.

There are several projects being

worked on by Mitsubishi UFJ

Securities, including: the Zafaran

wind power project in Egypt; the

Organics integrated solid waste

management project in Indonesia;

and the LG Chem fuel switch project

in Korea.

The session on CDM frameworks was

chaired by Khalid Ahmad Zainal of

the Zainal Group. He suggested that

while cheap energy allowed

industrial development in the US

after World War 2, higher oil prices

in the 1950s allowed for similar

development in the oil-exporting

economies of the Gulf region. He

noted that the time is right for a

paradigm shift and that the Kyoto

Protocol can allow money to be made

out of ‘clean air’.

Session 5 was titled public-private

partnerships, CDM project design,

and CDM projects underway in Saudi

Arabia. Seiichiro Nishida of

Mitsubishi UFJ Securities, identified

finance-related issues as a key barrier

to success, and highlighted the need

to increase the profitability and

fund-raising capacity of CDM

projects.

Other sessions covered natural gas

and CDM, legal aspects, waste heat

recovery, CDM projects in Egypt,

CDM opportunities in the Saudi

Arabian energy sector, Kuznets curve

and the environment, CCS and

carbon sinks.

Al-Sabban closed the conference by

saying that there will be proactive

implementation of the CDM in Saudi

Arabia. He highlighted the scope and

diversity of the enormous market

potential. He suggested that the CDM

means the emergence of a new

industry, based on the involvement of

consultants, experts and accountants

able to integrate Kyoto Protocol

related aspects into their general

ability to evaluate profit and loss.

EU-OPEC Roundtable on

CO2 Capture and Storage

The roundtable included keynote

speeches, presentations and

discussions on CCS technologies, the

prospects of CCS in OPEC and EU

member countries, and

non-technical factors essential for

CCS breakthrough.

Hasan Qabazard, OPEC, indicated

the need to focus on technological

options that allow the continued use

of oil in a carbon-constrained world.

He said that CCS promises a win-win

opportunity to store CO2 and

increase oil reserves in mature fields,

by enhanced oil recovery (EOR).

Derek Taylor, EC, explained that the

EU needs to diversify its energy mix

away from imported fossil fuels; the

EC is encouraging zero-emission

power generation; and several

technology routes need to be pursued

to this end. He said that CCS is

one such technology route, but

that it needs to be safe,

controllable, publicly acceptable, and

involve enhanced international

co-operation.

According to Leo Meyer of the

Netherlands Environmental

Assessment Agency, CCS has the

potential to achieve 55% of global

CO2 mitigation, but no substantive

CCS deployment can occur until the

price of CO2 is more than US$25.

The roundtable was divided into a

number of sessions. One covered

prospects for CCS in OPEC member

countries and the EU. The priority

topics under the EU’s Seventh

Framework Programme, starting in

2007, include CCS technologies for

zero emission power generation and

clean coal technologies. The In Salah

project was described by Redouane

Haddaji, Sonatrech, Algeria. It is a

collaboration with Sonatrech, BP

and Statoil to create one of the first

industrial–scale CCS geological

storage operations. In the

discussion at the end of the session,

a number of issues were raised,

including: whether the EU is

interested in small-scale CCS

projects in the Gulf region; EU

assistance for skills development

within the Gulf region; difficulties

in ensuring public acceptance; and

the motivations behind the

implementation of CCS strategies.

In the session on non-technical

factors essential for CCS

breakthrough, participants

discussed criteria for assessing

potential storage locations; defining

project boundaries; concrete

actions to address public

accountability, including the

involvement of politicians; and

reasons for the current ineligibility

of CCS projects under the CDM.

The role of the EU-OPEC energy

dialogue is promoting CCS was the

subject of the final discussion.

Adnan Shihab-Eldin, OPEC,

highlighted the need for large-scale

demonstration projects in OPEC

countries, acceptance of CCS under

the CDM, and involvement of the

EU in providing value for emissions

reduction through CCS EOR. Jane

Amilhat, EC, responded that EU

countries should not be the only

ones undertaking CCS initiatives.

The need for movement from

discussion to concrete action and

close global co-operation was

emphasised by Stathis Peteves, EC.

In closing the discussion, Hasan

Qabazard stated that fossil fuel use

will continue and that CCS

represents a critical technology.

There is a need for better financial

mechanisms, clear regulatory

guidance, the creation of

demonstration projects and the

organising of joint workshops as

ways forward for CCS.
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Near-Zero

Emissions

Technology for

CO2 Capture from

Power Plants

T
here has been increasing

interest in recent years in the

concept of “zero emissions”

power generation. The IEA

Greenhouse Gas R&D Programme

(IEA GHG) has recently carried out a

study to explore this concept in more

depth. “Zero emissions” implies that

there would be no emissions

whatsoever from power generation.

However, there are economic or

practical limits to the percentage of

emissions that can be avoided, so IEA

GHG based its study on the concept of

“near zero emissions” to the

atmosphere. The study was carried

out for IEA GHG by ECN in the

Netherlands, in collaboration with

Jacobs Engineering.

CO2 Capture Processes

The first stage of the study involved

drawing up a list of all of the main

CO2 capture processes which have

been proposed. The potential of each

process to achieve near-zero

emissions was then considered and a

shorter list of 10 processes was

selected for more detailed

assessment.

It was found that the type of

capture process (post-combustion,

pre-combustion or oxy-combustion)

is the main determinant of the ease

with which power generation

processes can approach “zero

emissions”. The type of processes

used for CO2 separation within these

overall concepts appeared to be less

important.

Post combustion capture relies on

removal of CO2 from dilute low

pressure flue gas. Removal systems

can be designed to achieve high

levels of capture but the driving force

for whatever technology is employed

becomes low, necessitating

additional stages of large equipment.

Both the cost and energy

consumption of the extra equipment

are high but in principle almost all of

the CO2 in flue gas could be

captured.

There are also limits to the extent of

CO2 capture in pre-combustion

capture processes. In the first stage of

such processes the carbon in the fuel

is converted mainly to CO and CO2.

The CO is then reacted with steam to

give more CO2 using the water gas

shift reaction. The shift reaction is

limited by chemical equilibrium, so it

is increasingly expensive and

difficult to reach high levels of

conversion, unless devices such as

membrane reactors are used to affect

the equilibrium. Some of the carbon

in the fuel may also pass through the

CO2 capture process as methane in

the hydrogen-rich fuel gas. This is

then converted to CO2 during

combustion and is emitted to the

atmosphere. It would be possible to

use process configurations which

involve separation and recycle of

residual CO and methane from the

hydrogen stream but such systems

were not considered in this report

because of their complexity and cost.

Oxy-combustion processes produce

a gas which consists mainly of CO2.

This is then compressed and purified

to remove most of the incondensable

gases (mainly N2, Ar and O2). The

incondensable gases that are

separated also contain some CO2,

which would normally be vented to

the atmosphere. This stream can be

GHGT-8

Proceedings

T
he proceedings of 8th

International Greenhouse Gas

Control Technologies

conference (GHGT-8) have now been

published. The proceedings have

been published by Elsevier as a

CD-ROM version only. The

proceedings contain all the 450

technical papers presented in oral

sessions or as posters at the

conference. In addition, they contain

the presentations from the key note

and plenary sessions as well as those

from the two panel sessions held (see

Greenhouse Issues number 83).

Details of the technical programme

for the conference can still be found

at the conference web site,

www.ghgt8.no.

Please note that now the proceedings

have been published the technical

papers will have been removed from

the conference web site.

A copy of the conference proceedings

has been distributed to all the

conference participants. Anybody

requiring a copy of the proceedings

that did not attend the conference

can purchase a copy by contacting

the IEA GHG office at

mail@ieaghg.org or by visiting

www.ieagreen.org.uk

GHGT-9 Update

T
he 9th International Greenhouse

Gas Control Technologies

Conference (GHGT-9) will be

held in Washington D.C. USA

between the 16th and 20th November

2008. Please make a forward note in

your diaries.

The venue for the conference is the

historic Omni Shoreham Hotel.

Details of the hotel can be found

at the following link:

www.omnihotels.com/FindAHotel/

WashingtonDCShoreham.aspx

The Conference will be organized by

the Massachusetts Institute of

Technology (MIT) in collaboration

with the IEA Greenhouse Gas R&D

Programme (IEA GHG), with major

sponsorship from the US Department

of Energy (www.fe.doe.gov/).

The conference web site has

now been established at

http://mit.edu/ghgt9.

Please bookmark this web site for

future reference.

As planning for the conference

develops, updated information will

be posted on this site.
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processed to capture the remaining

CO2 using relatively small

equipment and at low cost and

energy consumption. Thus

oxy-combustion is intrinsically

suited to reaching near-complete

CO2 capture.

CO2 capture processes already

eliminate many of the toxic emissions

and further increases in the

percentage CO2 capture would yield

little further advantage with respect

to SOX, NOX, particulates and

mercury emissions.

Costs

The effect on the cost of electricity of

increasing the fraction of CO2 that is

captured in a power plant is shown

Figure 1 - Power cost as a function of CO2 capture ratio

Figure 2 - Marginal GHG abatement costs, taking account of the fuel supply
chain

in Figure 1. The purpose of this graph

is to show the relationship between

cost and CO2 capture ratio, rather

than to show the relative costs of

different capture options, which

depend on many different economic

assumptions.

Figure 1 above indicates significant

but apparently affordable cost

increases for high capture ratios.

However, if the incremental costs of

the extra capture are considered, a

quite different picture emerges. The

incremental costs range from

moderate for oxy-combustion to

extremely high in the case of post

combustion processes. From a purely

economic point of view it would be

far better to invest in more power

stations with optimum capture than

fewer of near-zero emission

performance. However, other

considerations such as local public

perception and how this translates

into easier permitting could

influence the chosen level of capture.

Energy Chain Analysis

Even if all of the power plant

emissions are captured that does not

mean that the overall emissions from

power generation are zero, because

there are emissions associated with

fuel production and transportation,

plant construction and

decommissioning etc. The main

emissions are CO2 and methane from

fuel production and transportation.

These emissions depend on the type

and source of the fuel.

Taking into account the emissions

from the fuel supply chain, the

overall greenhouse gas emissions

could only be reduced by around

93-97% at most, as shown in figure

2. These figures are based on plants

in the Netherlands using natural gas

from the North Sea or coal from

Australia. Some of the emissions from

fuel production and transportation

could be avoided by improved

management, CO2 capture or use of

low-CO2 energy carriers. The

practicality and costs of doing so

need to be assessed.

In conclusion, it is important to

consider the overall emissions

associated with power generation,

not just the emissions from the power

plant. With increasing CO2 capture

at the power plant, the overall GHG

emissions decrease until the

emissions from fuel production and

transportation become dominant. A

further increase in CO2 capture at

the power plant, accompanied by a

decrease in thermal efficiency, will

increase the overall GHG emissions

due to an increase in emissions from

fuel production and transportation.

The report of this study is available

free of charge within IEA GHG’s

member countries and sponsors. For

non members, the reports are

available to purchase. Please contact

mail@ieaghg.org for further details.
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Second Risk

Assessment

Network Meeting

T
he second meeting of the

international research network

on risk assessment was held at

Lawrence Berkeley National

Laboratory (LBNL), San Francisco

California in October 2006. The

meeting attracted over 50

participants from; industry,

government and academia.

The meeting initially aimed to

provide input from related activities

namely the site characterisation

workshop jointly organised by USEPA

and LBNL (see Greenhouse Issues

number 82) and the second well bore

integrity network meeting (see

Greenhouse Issues number 82). Both

these activities are directly relevant to

the risk assessment process, storage

site characteristics feed directly into

the models that assess site

performance whilst wells, along with

seals represent potential seepage

pathways from a storage field.

Following this the meeting presented

feedback on actions from the

inaugural meeting namely:

� Establishing a database of projects

planning to undertake

assessments,

Geological map of the Indian sub-continent with large emission point sources
superimposed. Image supplied by BGS

New Joint IEA

GHG/DEFRA

Study

I
EA GHG and the UK Department

for Environment Food and Rural

Affairs (DEFRA) have agreed to

jointly undertake a preliminary

assessment of the geological storage

potential for the Indian sub continent

and source store matching exercise.

The study is being led by the British

Geological Survey with input from

the following organisations; UNEP,

Riso, Denmark, CMRI & NGRI, India,

Sustainable Development and Policy

Institute, Pakistan, and the

Bangladesh University of Engineering

and Technology.

DEFRA’s support forms part of the

UK’s activity under the Gleneagles

Plan of Action agreed in 2005, which

stated that G8 countries would

collaborate with key developing

countries to research options for

geological CO2 storage.

It is planned that the interim results

from the project will be presented at

the forthcoming CCS conference to

be held in Hyderabad in January

2007.

The study complements earlier

regional assessment studies

undertaken by IEA GHG for Western

Europe and North America.

� Assessing the status of onshore

ecological data for use with risk

assessments,

� Establishing a framework for risk

assessment ( a joint activity with

CO2GeoNET),

� Regulatory needs and issues for

risk assessment.

Discussions then ensued regarding

the need for risk assessment as part of

a risk management framework and

on a Japanese initiative on how best to

communicate the results that are

currently available on risk assessment

to help build confidence in CO2

capture and storage.

The second day of the network

meeting focused on considering the

status of risk assessment activities by

focusing on four assessment case

studies, in break out sessions, which

have now been completed. The case

studies were:

� The Latrobe Valley storage site,

Queensland, Australia,

� The Weyburn CO2-EOR site,

Saskatchewan, Canada,

� The Schweinrich storage site,

Germany,

� The Mountaineer storage site,

Ohio, USA.

The analyses indicated that for the oil

field system at Weyburn is expected

to offer a secure storage site for

thousands of years (as could be

expected because it has held

hydrocarbons for geological

timescales). The other storage sites

considered were aquifers and one

common factor was that there was a

lot less data publicly available for

these structures than for the oil field

case. The data shortage can be

overcome by a programme of data

collection around the sites prior to the

assessment taking place. This does

mean that assessments on aquifer

storage options will take longer and

the sites will require more extensive

characterisation, an experience we

see parallelled in the natural gas

storage sector.

The meeting concluded that there are

some results that can be

communicated on storage site

assessments that will help build

confidence in CO2 geological storage

as a safe mitigation option. These

results need to be communicated in a
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IEA GHG

Meetings in

Finland

T
he 30th Executive Committee

meeting of the IEA Greenhouse

Gas R&D Programme was held

in Vaasa, Finland in September 2006.

Vaasa is the largest town on the west

coast of Finland. It received its charter

in 1606, during the reign of Charles

IX of Sweden. During the ExCo visit

the King and Queen of Sweden visited

Vaasa, to celebrate the cities 400th

anniversary.

Prior to the ExCo meeting the

committee members visited one of the

largest employers in Vaasa, the

Wärtsilä Corporation is the leading

global ship diesel engine power and

service provider. They are also a

significant supplier of decentralized

power plant solutions around the

world. Wärtsilä provide a range of

diesel gas oil and biofuel power

plants. The product range comprises

gas- and oil-fuelled power plants

with outputs from 1 to 300 MW and

biomass-fuelled plants with outputs

from 1 to 17 MW. Wärtsilä liquid

biofuel power plants use highly

efficient reciprocating diesel engines

to turn clarified crude vegetable oils

into electricity and heat, offering

high overall plant performance

at all times. Details of their

biofuel plants can be found at

www.wartsila.com/Wartsila/docs/

en/power/media_publications/broc

hures/Liquid_Biofuel.pdf.

The committee members also visited

Alholmens Kraft which is the largest

bio-fuelled power plant in the world.

The power plant is rated at 265 MWe,

and burns peat, wood waste, canary

grass and some coal. Apart from

electricity Alholmens Kraft also

produces district heating for the

inhabitants of Jakobstad and process

steam and heat for the UPM

Kymmene pulp and paper plant

in Jakobstad (100 MWth). The

boiler used by the plant is the

largest CFB-boiler (Circulating

Fluidised-Bed Boiler) in the world

and was supplied by Kvaerner

Pulping. The hearth of the boiler

measures 8.5 metres x 24 metres and

is 40 metres high. The steam

transparent and open manner with

clarity given to their significance. It

is also clear that we need many more

assessments to be undertaken to

further build confidence in the

techniques used for these

assessments and to help hone our

experience.

It is clear that the terminology that is

used in the risk assessment

community needs to be harmonised,

as many of the discussions concerned

misunderstandings in the use of

terminology. This clearly needs to be

addressed as the risk assessment

community proceeds to present its

results outside of the technical

community.

Three groups were seen as the main

focuses for future communication

activities these were:

1. The CCS technical community,

2. The broader technical community

who are technical ly

knowledgeable in their respective

fields but may know little about

CCS

3. Regulatory bodies and general

public

Feature Events and Processes (FEP)

data bases are currently used

extensively as frameworks to build

up these risk assessments, however,

these are very complex and there

may well be a disconnect between the

level of detail that the FEP databases

generate and the assessment models

require. A more simplified FEP

structure could develop with

experience.

There was concern that there was a

perception that full probabilistic risk

assessments would be needed by

regulators. However it is felt that

probabilities cannot be assigned

with confidence to geological

events and therefore such

assessments would not be valuable.

Rather analytical/semi-quantitative

assessments were needed. It was felt

that CO2 storage was no greater risk,

in fact probably a lesser risk, than

hydrocarbon operations and natural

gas storage. However, it is accepted

that these operations only last for

25-40 years whilst injected CO2 must

remain stored for hundreds or

thousands of years and any

assessments must demonstrate with a

reasonable degree of confidence that

this is feasible.

Site characterisation and risk

assessment are seen to be closely

related topics and consideration will

be given to discussing these topics

jointly at future network meetings.

A report on the network meeting will

be available in due course on the Risk

Assessment network web site at

www.co2captureandstorage.info.

The next meeting will be held hosted

by Imperial College in London, UK.

Members of the network will be

notified of the date in due course.

Attendance at IEA GHGs international

research networks is open to all

interested parties. Anybody wishing

to be put on the risk assessment

mailing list should send their details

to Sian Twinning in the Programme

Office (e-mail: sian@ieaghg.org)

Panorama view over the Lawrence Berkeley National Laboratory. Photo
courtesy of LBNL, Creative Services Office.
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temperatures are high (165 bar /

545°C) compared to the usual

parameters for bio-fuel boilers

which increases the effectiveness of

the entire plant. The optimal

combustion conditions in the

CFB-process make low emission

values possible, while electro-filters,

lime insertion and ammonia

injection with SNCR secures the plant

against the release of particle matter,

sulphur dioxide and nitrogen

dioxide. There are also re-heating,

rotating air pre-heaters and

steam-cooled cyclones to reach a

high efficiency and availability.

Further details can be found at:

www.alholmenskraft.com/en/comp

any/index.htm. The plant featured in

Modern Power Systems in January

2002.

The final day of the ExCo meeting

involved a Forum which allowed a

cross exchange of information on

different perspectives on greenhouse

gas mitigation. At the Forum Ilkka

Savolainen from VTT indicated that

Finland has no hydrocarbon

resources and also has limited

geological potential for CCS. To meet

its emission reduction targets under

Kyoto, Finland will look to enhance

energy efficiency measures and

increase the use of biomass

utilization for energy production and

nuclear power. Esa Kurkela of VTT

outlined moves in Finland to develop

a new generation of biomass fired

gasification power plants in the size

Monitoring

Selection Tool

By Jonathan Pearce1, Andy
Chadwick1 and Angela
Manancourt2

1 BGS, 2 IEA GHG

I
EA GHG is pleased to announce a

new development to the CO2

Capture and Storage website

(www.co2captureandstorage.info).

The latest addition is the Monitoring

Selection Tool which has been

developed to identify suitable

techniques for monitoring injected

CO2 at a storage site. The tool was

launched at GHGT-8 in June 2006 by

the developers and has since been

reviewed by members of the

International Monitoring Network

(www.co2captureandstorage.info/

networks/monitoring.htm). It is now

available on the public part of the

website.

Why Do We Need To

Monitor Storage Sites?

If CO2 storage is to make a substantial

contribution to reducing emissions, it

will have to be carried out on a very

large scale, safely and economically.

Stored CO2 will need to be monitored

to provide assurance that suitable

sites can be operated safely and

effectively. Monitoring aims are

twofold: to provide confidence in

predictions of the long-term fate of

CO2 in the subsurface and to identify

and measure any potential seepages

at the surface that may occur. A

diverse portfolio of techniques is

available for monitoring CO2 storage

sites. Many of these are well

established and proven in other

geological applications; some have

been demonstrated as viable in CO2

demonstration projects, while other

potentially useful techniques require

further research and development.

Selecting Appropriate

Monitoring Techniques

The need for a tool that allows users

to select appropriate monitoring

techniques for their sites was

identified following discussions by

members of the International

Monitoring Network. The network

comprises 100 members from 55

organisations in 15 countries. It

recognises that a range of techniques

would be needed to meet the varied

monitoring aims likely at a storage

site and is therefore focussing on

developing appropriate monitoring

programmes. As a result the

Monitoring Selection Tool has been

created to identify and prioritise

techniques that could form part of

such monitoring programmes.

Members of the Executive Committee visit the turbine hall at the Alholmens
Kraft plant

range 15-100 MWe, capable of

generating electricity at 45-50 %

efficiency by 20020-2025. Martti

Kätkä, of Teollisuuden Voima Oy

outlined the status of the Olkiluoto 3

Project in Finland. This is a new

nuclear power plant develop due to

start up in 2009. The plant which

will be supplied by a Consortium

formed by Framatome ANP (AREVA

NP) and Siemens, is a pressurised

water reactor with a thermal power

rating of 4 300 MW and a net

electrical output of 1 600 MW. The

investment cost is 3 billion €.

Martti explained that unlike in other

European countries there is not a

strong public resistance to nuclear

power in Finland. The plant has been

designed to achieve a zero leakage

philosophy with key safety features

built in to achieve this aim.



16 Greenhouse Issues - December 2006

Aims and Objectives of

the Monitoring Selection

Tool

This tool will help users to design a

protocol to monitor a CO2 storage

project during all stages from site

characterisation through to

post-closure. It aims to select and rate

monitoring techniques, based on a

user-defined project definition, and

to identify the most appropriate

techniques that should be evaluated

for a given stage of project

development. The tool should not be

considered as being prescriptive but

rather as a decision support tool that

encourages evaluation of techniques

by providing information on their

applicability for a defined storage

scenario. It is flexible enough to help

design a monitoring protocol for

different storage scenarios and

situations. The decision support

system is not concerned with

operational health and safety.

Using the Monitoring

Selection Tool

The basic tool is available

on the IEA GHG website

www.co2captureandstorage.info.

On first visiting the site it will be

recommended that users register,

creating a user name and password,

which will allow them access to

additional facilities such as viewing

previous sessions and the option of

creating exportable reports.

To create a session, the user will be

required to make a selection from

several defined parameters to

establish the scenario, such as:

� Location;

� Depth;

� Amount and duration of CO2

injection;

� Type of the storage site;

� Storage site setting (populated,

agricultural, arid, protected site

etc.);

� And key monitoring aims for the

site.

Once the parameters have been

selected, a list of all the relevant

techniques will be produced.

The techniques will be ranked by

score and colour coded based upon

the applicability to the specific

scenario defined in the session. The

list of techniques can be further

refined using a number of

filters relating to the particular phase

of a storage operation (pre-injection,

post-injection, closure etc) and the

requirement of a basic or enhanced

monitoring package.

Soil gas survey being conducted at
Weyburn. Courtesy of PTRC.

Airborne magnetic detection of
abandoned wells. Courtesy NETL

A ship towing a sonar array surveying the Sleipner field. Courtesy of Statoil

Contents of the

Monitoring Selection Tool

The Monitoring Selection Tool

contains 38 monitoring techniques.

For each technique a full

description is available including

illustrations and indications of

sensitivity. If appropriate, there

are details of case studies where the

techniques have been applied and a

bibliography of relevant references is

included. As well as being a tool to

help design monitoring protocols, it

is also an extensive reference source

on monitoring techniques.

Future Development

It is expected that the tool will need to

be updated on a bi-annual basis,

incorporating the ever increasing

practical experience and knowledge

of the suitability of the monitoring

tools in particular locations and

environments. In the near-term, the

tool will be updated to accommodate

some of the minor usability issues

identified by the International

Monitoring Network during their

review of the tool.
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Greenhouse

Cuttings

HTC Purenergy Signs US

CO2 Management

Contract

T
wo energy technology

companies in North America

have signed a 2 year

commercial alliance agreement

valued at $2million (USD). The

companies are HTC Purenergy, from

Canada and Global Energy Inc. of

Cincinnati, Ohio. Global Energy Inc.

is a leader in the development of

Integrated Gasification Combined

Cycle (IGCC) facilities. Global Energy

owns and operates the Wabash

gasification facility, one of two

operating IGCC sites in the US. HTC

Purenergy commercialises and

deploys CO2 capture and storage

technologies for enhanced oil

recovery (EOR) and geological

sequestration, with projects in

Norway, the USA, Canada, China,

Australia and Saudi Arabia.

Under this new agreement, HTC

Purenergy will provide CO2 -EOR,

CO2 sequestration and CO2

management services to Global

Energy Inc. that will include:

� the development and engineering

of EOR opportunities in areas near

Global Energy facilities and;

� the evaluation of underground

formations for CO2 storage

integrity to establish the potential

to offset CO2 emissions.

For more information visit

www.carboninternational.com and

www.htcenergy.com

Flares to Burn Goaf (Gob)

Gas Safely at United

Colliery, Australia

Xstrata Coal’s United Colliery has

shown how to flair goaf (gob) gas

safely at an active longwall mine, and

will benefit from the resulting

greenhouse gas abatement credits.

United Colliery in New South Wales,

Australia produces about 3.5 mt/y of

semi-soft coking coal. To date,

mining has extracted 5 out of 10

longwall panels. Since mining began

at this site, gas management has

consisted of a series of gas wells, with

a combined capacity to extract more

than 3000 l/s of goaf gas from the

longwall operation.

In 2005, Xstrata Coal NSW joined the

NSW Greenhouse Gas Abatement

Scheme (GGAS). As a result, United

began investigating how to flare

some of its methane to generate Large

User Abatement Credits (LUAC)

under the scheme. Xstrata produced

its greenhouse policy in May 2006

and entered into a cooperative

agreement under Greenhouse

Challenge Plus with the Federal

government. Through this

programme and the NSW

government’s GGAS, Xstrata Coal

has committed to abating more than

350000t of methane from

underground operations by

integrating a flaring system with the

active underground mining

operation. Each flare has the capacity

to consume up to 200 l/s of gas

extracted from the goaf, which will

abate over 125000 tCO2/y

equivalent. www.epa.gov/coalbed

US DOE Releases Climate

Change Technology

Program (CCTP) Strategic

Plan

The strategic plan was released by the

US DOE on 20 September 2006. It

outlines strategies to reduce

emissions of greenhouse gases

through the development and

deployment of advanced

technologies. It details measures to

accelerate the development and

reduce the cost of new and advanced

technologies that avoid, reduce, or

capture and store greenhouse gas

emissions. CCTP is the technology

component of a strategy to combat

climate change for the USA which

was introduced by President Bush in

2002. Other components of the

strategy include measures to slow the

growth of greenhouse gas emissions

through voluntary, incentive-based,

and mandatory partnerships,

advance climate change science, spur

clean energy technology

development and deployment, and

promote international collaboration.

The CCTP strategic plan organises

about $3 billion in federal spending

for climate technology RD&D, and

deployment to reduce greenhouse gas

emissions and increase economic

growth. It provides a long term

planning context and establishes

principles for formulating R&D

portfolios to identify areas for

reductions in greenhouse gas

emissions. It also highlights an array

of technology strategies and

investment criteria. The plan

complements other efforts by the

Administration, including short term

measures to reduce greenhouse gas

emissions intensity, advance climate

change science, and promote

international cooperation through

partnership. These partnerships

include the Asia Pacific Partnership

on Clean Development and Climate,

Methane to Markets Partnership, and

the International Partnership for a

Hydrogen Economy. The plan has six

complementary goals:

1. reducing emissions from energy

use and infrastructure;

2. reducing emissions from energy

supply;

3. capturing and sequestering CO2;

4. reducing emissions of other

greenhouse gases;

5. measuring and monitoring

emissions; and

6. bolstering the contributions of

basic science to climate change.

The Plan outlines approaches toward

attaining these goals, articulates the

underlying technology development

strategies, and identifies a series of

next steps toward implementation.

To download the report, see:

www.climatetechnology.gov/stratpl

an/final/index.htm

EU in Attempt to Link Car

Taxes to CO2 Pollution

On 5 September 2006, the European

Parliament backed a proposal to

introduce an EU wide car tax based

on CO2 emissions, which would

subsequently abolish the car

registration tax. Any approval on car

taxation at the EU level would require

unanimous backing from all 25

member states, which is unlikely to be

achieved. The European Parliament is
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consulted on an advisory basis. The

CO2 based tax was proposed by the

European Commission in July 2005.

It is meant to allow citizens to avoid

being doubly taxed when moving

around Europe and to create level tax

conditions for car makers on the

European car market. At the moment,

car makers are often obliged to

produce specific car models, with

different specifications, as regards

horsepower for example, to reduce

pre-tax prices, because of disparities

in tax levels. This generates

additional costs for the car industry.

According to the EC, taxation is

responsible for about 20% of the car

price differentials within the EU.

Under the proposal, registration

taxes would be phased out over 5-10

years. In theory, the proposal could

be forwarded to the Council of

Ministers for approval. But its likely

rejection means it will probably not

be put on the agenda.

www.wbcsd.org/plugins/DocSearc

h/details.asp?type=DocDet&ObjectI

d=MjAzMTQ

CCS: a Future CO2

Mitigation Option for

Germany?

A study in Energy Policy has looked at

the role that CO2 capture and storage

(CCS) technologies could play within

the framework of an overall CO2

mitigation strategy. Scenarios up to

the year 2030 were examined for

Germany, using the IKARUS

optimisation model. The calculations

show that the use of CCS can

represent an interesting mitigation

option if stringent CO2 reduction

goals are set. In addition, a large

number of measures would have to

be taken covering all the energy

sectors, according to cost-efficiency

criteria. At best, CCS can represent

one element in an overall strategy.

The model results show that a

mitigation goal for 2030 of a 35%

reduction of CO2 compared to 1990

levels is necessary to trigger a

significant contribution from CCS. As

an alternative, reduction scenarios

were also modelled, based on CO2

penalties. These scenarios showed

that a penalty price of about

$38/tCO2 is necessary before CCS

can be included in the model. Energy

Policy is available online at:

www.sciencedirect.com/science/art

icle/B6V2W-4KSSWHP-1/2/57a86

9c18475437bb0bb0cffa5dc4708

US DOE Looking at

Appalachian Basin for

Safe Storage Sites for CO2

The US DOE’s National Energy

Technology with the Midwest

Regional Carbon Sequestration

Partnership, is conducting seismic

testing of the Appalachian basin

geology to determine whether the

sites can serve as reservoirs for

storing CO2. The testing is taking

place at FirstEnergy Corp’s R.E.

Burger plant in Shadyside, Ohio, and

in nearby areas. The programme is

part of the President’s Global Climate

Change Initiative, which aims to

reduce greenhouse gas intensity by

18% by 2012. Greenhouse gas

intensity is the ratio of greenhouse

gas emissions to economic output. An

earlier phase of the project found

that the sandstone and limestone

rock formations around the plant

have the potential to store an

estimated 200 y worth of CO2. The

current phase of the project uses

truck-mounted seismic equipment to

generate pulses in the ground

around the Burger plant. The seismic

signal from the vibrations is used to

create images of the subsurface area

and determine its suitability for

injecting CO2. The survey focuses on

the area immediately surrounding

the Burger plant, but also extends 10

miles (16 km) in length, and along

other routes, to provide a ‘quasi

three-dimensional’ survey, at a lower

cost than a full 3-D survey. Wells

will be drilled at depths of

4 000-7 000 feet (1 300-2 300 m).

Eventually, CO2 will be injected into

the brine field to test the feasibility of

geologic sequestration in this type of

setting. The project is led by Battelle

of Columbus, Ohio, in cooperation

with the Midwest Regional Carbon

Sequestration Partnership (MRCSP).

The MRCSP has 38 partners in seven

states: Indiana, Kentucky, Maryland,

Michigan, Ohio, Pennsylvania and

West Virginia. In addition to this

project, the Battelle led partnership

will conduct later two additional

geologic and three terrestrial

projects throughout its region. For

more information, see:

www.fossil.energy.

gov/news/techlines/2006/06052-S

equestration_Assessment_Begins.ht

ml

Oxy-Fuel Clean Coal

Retrofit Announced

Jupiter Oxygen, with the Ohio Air

Quality Development Authority and

Orrville Utilities announced in

September 2006 that work will begin

on the world’s first oxy-fuel clean

coal retrofit of an operating electric

power plant. The retrofit will take

place at a 25 MW plant at Orrville,

Ohio. The retrofit will cost $34

million and will be completed in

2008, to meet FutureGen’s 2020

goals for ultra-low emissions of

mercury, NOx, SOx, and

particulates, and to be ready for the

capture of CO2.

The Jupiter clean coal technology can

be designed into new plants, or used

to retrofit existing plants. The

patented process uses oxygen instead

of air to burn the coal necessary to

create the steam needed for power

generation. Rather than reducing

emissions of a single pollutant, the

combined Jupiter Oxygen/IPR

(Integrated Pollutant Removal)

hybrid system combines technologies

into a multi-pollutant control

‘package’. The results from tests

indicate a 95% CO2 capture rate,

90% removal of all mercury, 99+%

sulphur removal and 99+%

particulate capture including more

than 80% of the PM2.5 particulates

and a combustion level for NOx of

only 0.088 lbs/MMBtu.

Jupiter Oxygen is a privately held

company based in Chicago, Illinois.

Further information can be found at

www.jupiteroxygen.com.
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This section is provided specifically for readers in member
countries and sponsor organisations (see list on the back page).
Reports on IEA GHG studies are freely available to organisations in
these member countries and sponsor organisations. Please contact
IEA GHG for further details. For Non-Member countries, reports
can be made available by purchase at the discretion of IEA GHG.
Reports recently issued include:

� 2nd Meeting of the Monitoring Network (Report No. 2006/09)

The 2nd meeting of the monitoring network met in at Rome in

September 2005. The meeting had two main aims which were: first to

begin to engage regulatory bodies from around the worldwide on their

thoughts on monitoring needs and second, to provide an update on

monitoring technique development since the last meeting.

� 2nd Well Bore Integrity Workshop. (Report No. 2006/12)

The 2nd workshop of the International Well Bore Integrity network was

held in Princeton, NJ, USA, in March 2006. This report provides a

summary of the results and discussion held at that workshop.

The workshop focused initially on assessing the operational issues with

existing well bores, and highlighted that even in CO2 free environments

there is a history of well bore problems, which arise mainly due to poor

well completions. This problems has been recognised by the oil and gas

industry and new API standards are under development. Laboratory

results suggest that CO2 can rapidly degrade conventional Portland

cements but the results of this work are not consistent with field data.

The workshop also identified that modelling of well bore failure is still

in the early stage of development.

� Near Zero Emissions Technology for CO2 Capture from Power

Plant (Report No. 2006/13)
Zero emission power plants are an attractive proposition. The capability

of a wide range of CO2 capture processes to deliver zero emissions and

the likely costs of doing so are examined in this study. The effects of life

cycle emissions for both coal and gas fired power plant options are also

analysed in the zero emissions context..

� Environmental Impact of Solvent Scrubbing of CO2

(Report No. 2006/14)
This study is a preliminary assessment of the environmental impacts of

pre and post-combustion solvent scrubbing for capture of CO2 at power

stations. CO2 capture reduces the energy efficiency, which increases

environmental impacts of fuel production, transportation and use. The

further impacts of pre-combustion capture plants are expected to be

low. Post-combustion capture reduces acid gas emissions but more

solvent is consumed, more solvent residue is produced and traces of

solvent and degradation products are emitted to the atmosphere in the

treated flue gas. These impacts could be reduced by development of

improved solvents. It is recommended that the findings of this study be

updated when more detailed information becomes available from pilot

plants.

News for IEA GHG Members
SaskPower Chooses

Oxy-Combustion for

Clean Coal Project

SaskPower in co-operation with

Babcock & Wilcox (Canada) and Air

Liquide have announced recently an

agreement to jointly develop

SaskPower’s Clean Coal Project.

The project will involve the

pre-commitment engineering design

of a 300MWe lignite fired power

plant using oxy-combustion

technology capable of capturing

8000 tonnes per day of CO2 (90% of

CO2 emissions) which will be stored

in a deep underground saline aquifer

or for use in enhanced oil recovery

operations. The project will be led by

SaskPower which will involve an

investment of approximately CAN

$1.5 Billion. A decision on whether

to proceed with the project will be

made in mid-2007 and an expected

in-service date of 2011. The

agreement signed by SaskPower will

build on a design supply partnership

for boiler with B&W and turbine

generator set with Marubeni Canada

and Hitachi.

SaskPower will present an overview

to this project during the 2nd IEA

GHG International Oxy-Combustion

Workshop to be held at Windsor, CT,

USA on 25th / 26th January 2007.

Clean Coal Power Station

in the UK

On 8th November, Centrica plc

announced it had acquired an option

to participate in what would be the

UK’s first complete clean coal power

generation project. The clean coal

power station would be located on

Teesside in NE England. The

agreement with Progressive Energy

Ltd. provides Centrica with an 85%

interest in the development company

Coastal Energy Ltd. The project

would combine IGCC and CCS.

Subject to further financing the CO2

will be stored under the North Sea. As

part of this agreement Centrica will

acquire a 55% interest in Coots Ltd. a

CO2 pipeline company.
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Conferences & Meetings

E
uropean Energy Efficiency

Conference. 1st - 3rd March

2007, Wels, Austria. Contact:

Christiane Egger, Conference

Director, O.Oe. Energiesparverband,

Landstrasse 45, A-4020 Linz,

Austria. Fax: +43-732-772014383.

office@esv.or.at www.esv.or.at

W
orld Biofuels Markets Congress

– Exhibition. 6th – 7th March

2007, Brussels Expo, Belgium.

www.worldbiofuelsmarkets.com

G
W18: Earth Summit for Global

Warming Mitigation. 19th -

20th April 2007, Miami, USA.

Contact: Global Warming

International Center, PO Box 50303,

Palo Alto, CA, USA, 94303-0303.

Tel: +1 630 910 1551

Fax: +1 630 910 1561

http://gw18.globalwarming.net/

C
oal's New Frontier. 24th - 25th

April 2007, Adams Mark Hotel,

St Louis. Contact: Georgina Lucey

Tel: +44 1730 265095

georgina.lucey@mccloskeycoal.com

www.mccloskeycoal.com

2
6th Session of the

Intergovernmental Panel on

Climate Change (IPCC-26). 4th May

2007, Bangkok, Thailand.

9th session of Working Group III,

30th April – 3rd May 2007,

Bangkok, Thailand.

10th session of Working Group I.

29th January – 1st February 2007,

France

8th session of Working Group II. 2nd

– 5th April 2007, Brussels, Belgium.

Contact: Rudie Bourgeois, IPCC

Secretariat. Tel: +41 22 730 8208

Fax: +41 22 7 30 8025/13

IPCC-Sec@wmo.int www.ipcc.ch/

1
0th Annual Conference & Expo on

Clean Air, Mercury, Global

Warming & Renewable Energy. 21st

- 24th January 2007, Westin La

Paloma Resort & Spa, Tucson,

Arizona. Contact: EUEC, P.O. Box

66076, Tucson, Arizona 85728, USA.

Tel: +1 520 615 3535 Fax: +1 602

296 0199 info@euec.com

www.euec.com/

W
orld Sustainable Development

Forum. Exploring the Natural

Resource Dimensions. 22nd - 24th

January 2007, New Delhi, India.

Contact: The Summit Secretariat,

TERI, Darbari Seth Block, IHC

Complex, Lodhi Road, New Delhi –

110 003, India. Tel: +91 11 2468

2100 Fax: +91 11 2468 2144

dsds@teri.res.in

www.teriin.org/dsds

F
uels & Emissions Conference. 23rd

- 25th January 2007. BMW

Pavilion, Cape Town, South Africa.

www.sae.org/events/sfl/

F
ourth USDA Greenhouse Gas

Conference: Positioning

Agriculture and Forestry to Meet the

Challenges of Climate Change. 5th -

8th February 2007, Baltimore

Marriott Camden Yards, Baltimore,

Maryland. Contact: Keith

Schlesinger, Director of Meetings

and Conventions, Soil Science Society

of America, American Society of

Agronomy, 677 S. Segoe Rd.,

Madison, WI 53711, USA. Tel: +1

608 268 4962 Fax: +1 610 229

4658 kschlesinger@soils.org

E
WEC 2007 European Wind

Energy Conference and

Exhibition. 7th – 10th May 2007,

Milan, Italy. Contact: EWEC

Organizer; Tel: +32 2546 1980

Fax: +32 2546 1944 info@ewea.org

http://www2.ewea.org/06b_events

/events_EWEC2007.htm

1
5th European Biomass

Conference and Exhibition. From

Research to Market Deployment -

Biomass for Energy, Industry and

Climate Protection.7th - 11th May

2007, ICC Berlin International

Congress Center, Berlin, Germany.

Contact: Tel: +39 055 5002174

Fax: +39 055 573425

biomass.conference@etaflorence.it

www.conference-biomass.com

R
isø International Energy

Conference 2007. Energy

solutions for sustainable

development. 22nd - 24th May

2007, Risø National Laboratory,

Denmark. Contact: Vivi Nymark

Morsing, Risø National Laboratory,

P.O. Box 49, 4000 Roskilde,

Denmark. Tel: +45 4677 5151

Fax +45 4677 5199

vivi.nymark@risoe.dk

www.risoe.dk/konferencer/

Energyconf07/

2
0th World Energy Congress:

Energy Future in an

Interdependent World. 11th – 15th

November 2007, Rome, Italy.

organisingsecretariat@rome2007.it

www.rome2007.it




