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Objective

To advance the global uptake of low-carbon technologies in industry, whilst 

involving developing countries and transition economies, by developing a Global 

Technology Roadmap for CCS in Industry and to build the analytical foundation 

allowing to identify early opportunities for pilot/demonstration projects

Expected outcomes

� To provide relevant stakeholders with a vision of industrial CCS up to 2050

� To strengthen the capacities of various stakeholders with regard to industrial 

CCS, particularly in selected developing countries

� To inform policymakers and investors about the potential of CCS technology

� To identify a number of potential early opportunities

Rationale

� Industry accounts for approx. 40% of total energy-related CO2 emissions

� The majority of industrial energy use and CO2 emissions takes place in 

developing countries; therefore developing countries stakeholders should be 

informed and participate in technology development and deployment

� CCS is one of the few low-carbon options for energy-intensive industries

• Cement clinker making: no alternative !

• Biomass + CCS = net negative emissions (backstopping option)

� Not considering CCS is expected to increase mitigation costs significantly 

(by about 70%) – if significant emissions reduction is aimed for

� Half of the CO2 emission reduction potential from CCS is in industry

� Lots of attention for CCS in the power sector, but limited for industry thus far

� Interesting opportunities for CO2 Enhanced Oil Recovery (EOR)



Context

� The need to stabilize greenhouse gas concentrations in the atmosphere at 

a level that would prevent dangerous anthropogenic interference with the 

climate system

� Request from the international community to develop and deploy advanced 

technologies for moving towards a low-carbon economy, and explicit request 

for the preparation of Energy Technology Roadmaps

Approach

� Desktop review and analysis informed by sectoral assessments and 

specific studies

� Series of workshops with selected stakeholders

� Will build on past and on-going work, e.g. IEA CCS Roadmap, Cement 

Technology Roadmap, etc.

Timeframe

Roadmap expected to be completed by the first quarter of 2011

Sectoral focus

� High-purity CO2 sources

• Natural gas processing

• Coal-to-liquids

• Hydrogen from refineries

• Ammonia production

� Cement

� Iron and steel

� Refineries

� Biomass-based industrial CO2 sources



CCS: Status today

� About 50 million tons/yr transported and used for Enhanced Oil Recovery 

since 40 years – not a single accident

� CO2 capture technologies have long been used in gas streams treatment 

(ammonia and hydrogen production, natural gas processing) – 15-30 Mt/yr 

– all chemical absorption based

� Three main methods: post-combustion (chemical absorption), pre-

combustion and oxy-fuel

� For industry, process re-design can reduce cost substantially (eg FINEX, 

black liquor gasification)

� Transport and storage >600 m underground “supercritical stage” –

depleted oil & gas fields or aquifers 

� About 10 demonstration projects for CCS are operational worldwide –

technical feasibility is proven

� Tens of plants are in planning/construction phase

CO2-EOR

� Suited for certain types of oil reservoirs

� Interesting opportunities in the Middle East and elsewhere in the 

developing world

� Can generate revenues that can offset (part of) capture cost

� CO2-EOR targeting storage requires special care

� Successful Weyburn demonstration project in Canada

� A niche for early deployment

� Try to identify and characterize some projects for industrial CCS + EOR



Resume of Activities

� 1st workshop 30 June-1 July, Abu Dhabi

� Workshop proceedings completed

� Five consultants papers revised

� DRAFT roadmap prepared

� Decided to expand work on source-sinks matching

� Decided additional study on CO2-EOR

� Discussed possible presence at COP16

1st Workshop, 30 June – 1 July 2010, Abu Dhabi, UAE

� Participants: 45 experts from both industrialised and developing countries

� Objective: review sectoral assessments underpinning the Roadmap 

� Main outcomes:

• Better understanding of various technology options by sector

• Discussions around data, uncertainty, and emission projections and CCS 

potential

• Identification of gaps and barriers to CCS deployment

• Information sharing and dissemination

• Initial thoughts on potential early opportunities



Proposed Next Steps

� Uniform technology characterization

� Commission two supplementary studies

� Complete roadmap

� Identify 50-100 lighthouse projects (early opportunities)

� Engage developing countries more

� Continue elaboration demonstration project plans

Thank You !

d.gielen@unido.org
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Developing a roadmap and insights so far

Heleen de Coninck - deconinck@ecn.nl

Abu Dhabi, June 30 2010
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Outline

! What is a roadmap?

! Steps in a roadmap process

! Current status and insights

! Aim and process of this meeting
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A roadmap is a first step

! A document that provides an exhaustive overview of 

opportunities, gaps, barriers and measures to achieve 

a specific technological aim

! The technological aim can be RD&D or 

commercialisation of a technology, but can also 

comprise the full innovation chain

! A roadmap is actionable and should provide an agenda 

to act for government, industry and financial sector 

stakeholders

! A roadmap could be made measurable by defining 

milestones associated with actions

! The process of making and agreeing is important

4 25-10-2010

This roadmap...

! Has a focus on CO2 capture in five industries:

" High-purity CO2 sources, including gas processing, 

chemical industry

" Cement

" Iron and steel

" Refineries

" Biomass-based industrial sources of CO2

! Has a global scope, but a focus on developing 

countries where relevant

! Builds on earlier roadmaps (e.g. CCS roadmap from 

IEA)
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Steps in a roadmap process

1) Assessment of 

current situation

3) Vision of the 

future

4) Gaps and barriers

5) Actors and stakeholders

2) Data, methods 

and assumptions

7) Actions and milestones

6) Identification concrete 

options

6 25-10-2010

Hypothetical examples of actions and milestones

! In order to overcome awareness barriers for CO2 capture 

in gas processing in developing countries, a demand-

driven capacity building programme is initiated for local 

industry and government stakeholders

! Reduce energy penalty of CO2 capture through process 

design and heat optimisation

! Optimise integration, particularly for retrofit applications, to 

achieve plant availabilities and capture rates above 85% 

by 2020
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The (draft!) sectoral assessments:

1) Assessment of 

current situation

3) Vision of the 

future

2) Data, methods 

and assumptions

8 25-10-2010

Current status and insights so far

! Data, methods and assumptions being discussed 

between sectoral specialists, UNIDO and IEA

! Overlap handled as much as possible

! Sectoral assessments good progress but not complete

! Need for industry-specific future vision

! (Probably most actions and milestones will also be 

industry-specific)

! Data are a problem, in particular in developing 

countries
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This meeting:

1) Assessment of 

current situation

3) Vision of the future

4) Gaps and barriers

5) Actors and stakeholders

2) Data, methods and 

assumptions

7) Actions and milestones

6) Identification concrete options

10 25-10-2010

Structure of this meeting
Plenary Sectoral workshops Crosscutting groups

J
u
n
e
 3

0
J
u
ly

 1

Opening & set-up

Background, data, 

baseline, future vision

Gaps and barriers

Discussion and 

alignment between 

sectors

Feedback 

crosscutting groups

Actions and milestones

Wrap-up and closing
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Structure of this meeting

! Sectoral workshops

" Please remain in your group! 

" Moderates chair

" Sectoral consultants provide substance

" Rapporteur reports back to plenary tomorrow

! Crosscutting groups for consistency and interaction

" Do not report back to plenary but to sectoral 

workshops

" Except for special crosscutting group on Middle East

12 25-10-2010

Thank you!
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Technology CharacterizationTechnology CharacterizationTechnology CharacterizationTechnology Characterization

DolfDolfDolfDolf GielenGielenGielenGielen

CCS Roadmap Workshop 24/9/2010CCS Roadmap Workshop 24/9/2010CCS Roadmap Workshop 24/9/2010CCS Roadmap Workshop 24/9/2010

Key Variables

� Central value plus sensitivity

� Inclusion/exclusion transport & storage
� Inclusion captured CO2 pressurization (100 bar)
� Capture cost and mitigation cost
� Three locations (NW Europe, China, Middle East)
� Definition of reference – needs more thought
� Greenfield vs. retrofit
� Plant size (minimum size and standard size)
� Energy prices
� Discount rate
� Today/2030/2050
� Capture efficiency
� Define purity CO2
� Specify capture efficiency
� Plant age
� Give annualized cost and investment cost
� Electricity average CO2 intensity



Technology List
� Iron and Steel

• Post combustion capture blast furnace (before after power generation)
• Oxyfuel blast furnace
• Gas DRI
• FINEX
• HISARNA

� Cement
• Chemical absorption
• Oxyfuel
• Carbonate looping 

� Refinery
• Hydrogen SGR (new/old plant design)
• Hydrogen gasification residues
• FCC
• Process heat – pre-combustion and post-combustion (retrofit)

� Ammonia
� Gas processing

• Onshore/offshore

� LNG production
� Ethanol fermentation
� FT-synthesis coal
� FT-synthesis biomass (incl black liquor processing)
� SNG - biomass

THANK YOU !

d.gielen@unido.org
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UNIDO Business models

Business models - summary

Regulators react to public signals, resulting in policy, needed for viable business 

models

Clarity on capture, transport and storage business models required (example: agree 

on who gets the credits; what are reasonable returns)

Ample examples of internalisation of environmental burden and actions; learn from 

those for business models for CCS

EOR in specific cases can lead to integrated affordable value chains

ECBM and EGR have lots of questions: can they be business models?

Sectoral agreements or measures, possibly easier to implement than carbon pricing 

(trade-sensitve sectors)

CO2 cost or price?: model that storage provider can pay for taking CO2 (thanks to a 

government tax/subsidy?)

Sharing infrastructures: incentives but also monopoly issues 

R&D  will not drive commercial deployment

Financing and underwriting models needs to get ample attention given large capital 

exposure of CCS

In some sectors CO2 technologies will become a competitive space



Business models

Enhanced oil recovery

• Could be a “leading-in” technology. Not enough potential for the longer term CO2 storage needs, 

but a good start

• Cost recovery not always sufficient (example from Indonesia). Retrofitting on wells; modification 

of units and installations cost-intensive for EOR; NPV for EOR may be low

• Incentive from government needed

• Environmental regulation needed

• On land an in new facilities EOR might be economic. Offshore?

• Need to build expertise on offshore EOR – all present experience is onshore

• Environmental impacts of offshore EOR: research and knowledge-sharing needed – IMO discussions

• Potentially delay abandonment of offshore oil operations

• Re-use of CO2 in developing countries 

• Combining EOR and storage because of the profile of CO2 demand in an EOR field

• EOR has a time window – need to look at optimal implementation over time (after water. Miscible 

gas is getting more valuable leading to CO2 more attractive)

• Not for everywhere; depends on the field and crude in it

• Pilots are needed. ADCO doing pilot; need more of that

• Fiscal regime for EOR; clever mechanisms (US forward ..)

Business models

Enable storage providers with a commercial model

• Regulation and reasonable post-storage liability transfer needed

• Help them overcome demonstration/first-mover barriers

• Oil and gas industry have competency and skills most readily available for storage

• What would a storage provider charge? What is the ownership model?

Financing/incentives

• Essential for business models – financial models: learn from renewable energy 

• Price on CO2 (CDM (but small incentive), ETS (rules clear for all sectors?), JI), 

performance standards (including making CCS mandatory), international sectoral 

agreements (UN-driven?)

• Refinery sector: CCS for low-carbon fuel standards?

• Incentives for high first-mover costs for demonstration

Other revenue-generating storage: ECBM and EGR

• ECBM operations increasing worldwide – what is the potential?

• Is the K12b project (GdF) still doing EGR?

• Examples of EGR in Croatia and Hungary



Business models

Sharing infrastructures

• Looking for places where this can be done

• Transport often only part of the cost

• Quality standards in the case of shared infrastructure

Price, cost: degree to which cost can be included in the price

Steel: CCS would add 15% to the cost of steel. Steel market is highly competitive; leakage will 

happen. Level-playing field important in trade-sensitive sectors

• Sectoral agreements: first needs to agree on the basic data; that is hard. In the steel sector, 

still at the stage of identifying data

Cement industry: does not stand to make money out of CCS. 

• CCS is a cost to cement. How much will cement have to pay? Cost should decrease

• Cost-reducing options exist (oxyfiring) that can reduce costs significantly, but still cost

• “plug, pull and store” model

• Sectoral agreement: succeeded to agree on basic data but has not moved on

Indonesia: possibilities in NG-processing CO2 and EOR. Currently R&D, project in 5 

years. Currently not viable business model, yet

Amount of industries involved and needing to work together 

Business models

CO2 transport sector: how will it be organised and operated?

Capture and storage: opex and capex very different; how is the return on investment 

done? (important for financiers)

Purity of the CO2 could be additional cost element in the value chain

Models involving industries where CO2 needs to be captured anyway; carbon price 

incentive can be lower (but still necessary)

Enabling by governments; consumers; voters. Learn from successful solutions in the 

case of other pollutants

First focus on the low-hanging fruit

R&D not leading to implementation 



Bringing industrial CCS higher on the global 

agenda and engaging developing countries 

and economies in transition

Bob Pegler



Bringing industrial CCS higher on the global agenda and 

engaging developing countries and economies in transition

1) Getting industrial application of CCS on the political agenda

Why is CCS not in the agenda in DC and TE? 

� Lack of climate commitments or concern for domestic mitigation

� Language structured by power sector – domestic  based sector (no 

benefit of being carbon neutral)  and facing RE competition  

� Discussion seems to still very academic or technical  - not matured yet

What to do to shape the agenda?

� Certain global actors promoting  it even when stakeholders are 

unaware not engaged (such as multilateral banks and international 

companies)

� Identifying sources for funding (R&D) but also develop knowledge in 

real finance to scale up and other support systems (eg insurers )

2

Bringing industrial CCS higher on the global agenda and 

engaging developing countries and economies in transition

2) Countries to get involved

What to do?

� Do not advocate CCS for industry on its own – it is key to address 

the global CCS community as a whole 

� Prevent CCS fatigue! Too many CCS initiatives divert attention of 

developing country governments. Raise the discussion level

� Path for DCs: Define CC policies --- identify need for mitigation 

actions -- identify technical opportunities - include CCS amongst 

them

Which countries?

� Time and impact – where it may take up faster 

� Regions where  there is interest and CCS will be part of the mix

� Countries which could serve as  role models for regions

3
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Actions and milestones

! Industrial hotspots/hubs and networks

! Global framework: 

" Long list of policy options, including exotic ones

! Specific technology and regional roadmaps

! Low-cost CO2/EOR 

! We need an official statement (e.g. G20) on industrial 

CCS 

! Incorporation into WB and other multilateral donor 

positions, including CCS-ready

! Leadership from industry

Matching sources and sinks

Tore Torp /

Mohammad Abuzahra



Matching sources and sinks

� Transport – technology and costs are known

� Define the capacity and type of reservoirs available as 

sinks

� Specification of gas to be injected: O2 levels, sour gases, 

water content 

� Suitability and elegibility/validation of sinks 

� Mapping of sink – start early

� Global regulations - crossborder opportunities and 

limitations 

� EOR and EGR – early opportunities

Matching is driven by storage rather than sources

2

Matching sources and sinks

� Public awareness in DC is still not formed on these issues

� Influence leadership

� Industry need to learn on the economic factors and growth from O&G 

sector

Prioritise options:

� first prioritise opportunities  - even under limited data conditions 

� Need for agreement on global guidelines/minimum parameters on 

critical issues

� Transport technology and costs is well known – improve knowledge of 

capture

� Sink mapping and geological monitoring of future sinks starting at an 

early stage

3
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