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Fixed Offshore Facilities
Onshore Production Facilities 
Floating Production Systems 
Subsea Systems
Offshore & Onshore Pipelines
Processing Plants
LNG / NGL / LPG
Terminals

Refining 
Petrochemicals
Sulphur Management
Gasification
Acid Gas Removal
Tail Gas Treatment

Transport
Industrial Plants
Buildings
Water & Wastewater
Environment Compliance
CO2 Sequestration

Coal-Fired Plants
Combustion Turbine/

Combined Cycle
Nuclear
Transmission/Substations
Air Quality Control
IGCC
Operations & Maintenance
Owner’s Engineer

Light Metals
Base Metals
Coal
Ferrous

SELECT EVALUATE

Development Options
Execution Strategy
Concept Design

DEFINE

Field Development Plans
Front-End Design
Contract Strategy

EXECUTE

Detailed Design
Construction
Commissioning

IMPROVE

Operate Asset
Project Feasibility
Business Strategy
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32 countries  | 109 offices  | 28,500 employees

WorleyParsons is one of the world’s largest engineering and project delivery firms, servicing the global energy and infrastructure 
markets. We have the track record, technical expertise, project delivery systems, and resource depth to deliver a comprehensive 
range of solutions to clients, customized to meet the needs of any project spanning the full spectrum of a project’s life cycle.



Global Reach

28,800 employees |120 offices | 37 countries 

Europe –1,800

Africa – 970

Canada – 6,500

USA – 5,500

Latin America – 600

Australia – 5,500

New Zealand – 370

SE Asia – 3,300

China – 1,250

Middle East – 3,000



Carbon Management Challenges 



Power plant 2,360 Mw

Burns the equivalent of about 200 
90T hopper cars of coal every day.

Emits 13 million tons of CO 2 per year released into 
the atmosphere

Total world in 2008: ~ 19,000 TWh
~9.5 billon tons CO 2 from electricity

Annual growth rate (1980-2005): 3.1%
Total world in 2030: ~ 40,000 TWh

~19 billon tons CO 2 from electricity

A Global Problem



The Climate Challenge and Risks to Industry

� Power industry engagement is driven by government, stakeholders,
regulators, and investors to significantly reduce GHG emissions.

� Introduction of cap and trade will restrict emissions and place cost penalties 
against production 

� Appropriate price signals and assurances must be put into place to 
progressively trigger response. 

� Companies will need to develop operating
and growth strategies that work within 
these new limits

� The challenge is to reduce the risks from
compliance on profitability and competitiveness



CO2 Reduction Options

Source: EPRI



Global Investments In CCS to Meet 2050 
Requirements  

MtCO2/year 
Captured

OECD/Source: IEA, 2009



Carbon Management Approach

� Establish unit/station/region to Consider ( region, fleet , plant, component, etc.)

� Establish Data Approach ( public, commercial data bases, drilling, survey, etc.)

� Determine CO2 Footprint

� Define the impact of Pending CO2 Legislation

� Determine Potential for Carbon Footprint Reduction (non-capture)

· Heat Rate Improvements

· Operation Improvements 

� Determine the Amount of Carbon Capture Potential

� Select Capture Approach and Technology

� Identify CO2 Sequestration Opportunities such as:

· EOR, ENGR, ECBM

· Deep Saline Storage

� Pipeline and Corridor Assessment

� Economic Assessment (Cost Estimate and Potential Revenue)

� Perform Risk Assessment



Components of CCS
� CO2 separation/avoidance systems 
� CO2 compression and treatment systems
� CO2 Transportation
� CO2 Geologic Injection 
� Storage and Monitoring

CO2 Capture Components

Photo - Statoil



CO2 Capture Technologies



CO2 Capture Options
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Post-Combustion CO2 Capture (PCC)

� Requires separation of CO2 from 
combustion flue gases

� Combustion flue gases are low pressure 
streams dilute in CO2, typically ranging 
from about 4% (vol.) for natural gas fired 
combined cycle plants to about 14% 
(vol.) for pulverized coal fired boilers.  

� Flue gases may be of high temperature 
and contain contaminants such as 
particles, NOx and SOx. Such flue gases 
present design challenges for CO2
capture.

� For CO2 capture, chemical absorption 
with amines, such as monoethanolamine 
(MEA), is currently the process of 
choice. Once recovered, the CO2 is 
cooled, dried and compressed for 
transport.



Post Combustion Capture

Source:Vattenfall AB



Capital Costs Considerations

Particulate, 
Sulphur, NOx 

Emissions 
Controls

CO2 Capture 
(MEA 

Scrubbing)

CO2 

Compressor

Flue Gas 
Conditioning for 

CO2 Capture CO2 to 

Pipeline

Flue Gas to 
Stack

Boiler

Steam to Solvent 
Regeneration

Coal

Air

Plant Auxilary Loads 

Electricity to Consumer

Steam Turbine 
Generator

Additional Capital Cost required to capture and process the 
CO2, increase sizes of components to make up for loss 
power,  control systems for integration, pipeline for transport



Strategic Analysis of the 
Global Status of CCS
Global CCS Institute

Performed By:



Over 200 Active or planned, commercial scale 
integrated CCS projects



Total projects by region



Active or planned projects by facility



WorleyParsons Carbon Capture Projects



CCS Experience Profiles

WorleyParsons providing engineering, design and cost estimates 
for system integration, BOP, CO2 transport and project services to 
the American Electric Power’s 
Mountaineer CCS full scale 
demonstration project. This 
project is an integrated CO2
capture facility taking a 30% 
slip stream of flue gas off a 
1300 MW coal fired generating
unit utilizing Alstom’s chilled 
ammonia process technology. 

Client: American Electric Power 
Location: West Virginia, USA
Services: FEED

1 2 3 4 5
Identify EvaluateDefine Execute Operate



CO2 Storage Experience Profiles

WorleyParsons provided professional services for the Weyburn, 
Saskatchewan oil field, including complete CO2-EOR engineering 
support. CO2 is supplied by a 400 km pipeline from the Dakota 
Gasification Great Plains Synfuels Plant. The CO2 is then 
distributed to numerous injection wells. CO2 in the produced fluids 
is separated and re-circulated for injection; however, a significant 
portion of the CO2 remains within the target formation, providing 
the added benefit of carbon storage. Our services covered all 
phases of field development and EOR program design and 
implementation, including scoping, planning, cost estimating, 
scheduling, FEED and detailed design, permitting, construction 
management, and field operations.

Project:      Weyburn Field CO2 -EOR Program
Customer: Encana Resources
Phases: 1 2 3 4 5

Identify EvaluateDefine ExecuteOperate

Weyburn is one of the world’s largest CO 2 injection, recovery, and storage projects



Carbon Management Experience Profile 

WorleyParsons was retained to develop a carbon management 
plan for a new coal power plant and three existing facilities in the 
Midwest. Integrating our power engineering, environmental, and 
EcoNomics™ capabilities, the WorleyParsons team helped 
determine their best options for managing CO2 emissions. Options 
considered included CO2-EOR,underground sequestration in saline 
formations, and trading CO2 in commercial markets.
WorleyParsons also provided analysis of geological and 
hydrogeological settings of possible sites for CCS. As part of the 
evaluation, WorleyParsons worked with Baker & McKenzie to 
provide our customer with guidance on pending US legislation. 

Project:      Strategic Carbon Management Plan
Customer: Confidential
Phases: 1 2 3 4 5

Identify EvaluateDefine Execute Operate



Gas Processing CCS Experience Profile 

WorleyParsons conducted the concept evaluation of onshore CO2 
storage for gas production from offshore platforms in Bass Strait, 
Australia. The evaluation included conceptual design of facilities for 
recovery of CO2 from the produced gas stream, treatment to 
remove CO2, transport, and injection into the Seaspray reservoir. 
Also evaluated was transmission of CO2 to two offshore platforms 
for injection into offshore reservoirs.

Project:      Turrum CO2 Storage Project
Customer: Exxon Mobile
Phases: 1 2 3 4 5

Identify EvaluateDefine Execute Operate \



Integrated CCS Experience Profile 

WorleyParsons’ scope included technology assessment, selection and FEED. 
The project has advanced through its FEED  study and results for the first 
stage of the drilling program for safely storing CO2 have been successful. CO2
will be sequestered in the Northern Denison Trough in Central Queensland. 
WorleyParsons has completed process configuration, definition of major 
system component, heat and mass balance development, plant performance 
and emissions profiles, and characterization for CO2 capture and processing 
for geosequestration.

Project:      ZeroGen Feasibility Study
Customer: Queensland Government
Phase s:                           

1 2 3 4 5
Identify EvaluateDefine Execute Operate

The ZeroGen project aims to create smarter, cleaner  power and demonstrate the viability of 
integrating coal-based gasification and CCS to redu ce emissions. 



CCS Network Experience Profile

WorleyParsons is collaborating with The William J. Clinton Foundation, 
Commonwealth of Pennsylvania, and utility/industrial generators to develop a 
Business Plan to serve as the blueprint for a proposed Commonwealth-
supported system to capture, compress, transport, and store carbon dioxide 
emissions from coal-fired electric plants and industrial facilities. The ultimate 
goal of the initiative is to establish a working demonstration of a state-wide
Carbon Capture and Sequestration (CCS) network. This network will provide a 
more economically viable transport option with a smaller environmental 
footprint.

Project:      Large Scale Integrated CCS Network 
Customer: Commonwealth of Pennsylvania
Phases: 1 2 3 4 5

Identify EvaluateDefine Execute Operate



CO2 Compression and Transport 
Experience Profiles

WorleyParsons completed pre-FEED conceptual engineering of a 623 km CO2
pipeline in New South Wales (NSW). Delta Electricity, Macquarie Generation, 
and Eraring Energy contracted WorleyParsons to determine the costs and 
viability of piping CO2 released from power generation to saline aquifers, 
depleted oil and gas reservoirs, and un-mineable coal seams in the Darling 
Basin, NSW. The scope was to study and cost a 36” pipeline and compression 
system. Three separate extraction technologies were considered
with varying degrees of water content. The work included route selection, 
process modeling, materials and corrosion studies, conceptual design of the 
pipeline, compressor / pumping stations, valve stations, and pigging facilities 
as well as a CAPEX estimate.

Project:      Geo-Sequestration Compression and Pipeline Study
Customer: Macquarie Generation
Phases: 1 2 3 4 5

Identify EvaluateDefine Execute Operate



Funding and Costs



Global CCS Government Funds 

� Australia: Aus$2bn; Aus$300 for GCCSI
� Canada: Can$1.3bn; Can$2bn from Alberta 

� EU:  €1.05bn from Economic Recovery Energy Programme and  300m 
allowances in the EU ETS

� Japan:  JPY10.8bn

� Norway:  ~US$40/tonne CO 2 tax on offshore oil and gas operations; 
NOK1.2bn government investment

� UK: GBP 7.2-9.5 billion to cover additional costs for 1 -4 CCS plants raised 
thru levy on electricity suppliers

� US: US$3.4 billion from Economic Recovery Act; US$3.3bn  in other federal 
government RD&D support

>20B $ in Government funding will leverage to >40 - 50$B invested in Carbon Initiatives 
with Advanced Coal as a leading Technology Solution 



CCS and EOR Economics

� CO2 Separation $40 - $60/ton
� Compression $8 - $10/ton
� Pipeline (if needed) $0.7 - $4/ton
� Injection $2 - $8/ton
� Total $51 - $82/ton

· All from pilot scale programs, as very few full-scale projects
· First of a Kind will be higher 

� EOR
· Will purchase CO2 at $15-36/ton to make EOR viable

· 0.26-0.33 ton CO2 for every barrel of oil produced

· $11-$24 for CO2 to produce $60 of oil
· Recover 7-25% of residual oil in place

· 35-90% of CO2 remains in reservoir, 
rest recovered with oil



Summary

� The CCS market is Regulatory driven
� Government regulations and cost of compliance are 

undefined  
� Multiple opportunities exists for reduction of CO2 “footprint”
� Risks and liability need to be understood and mitigated
� Supply chain exist for all components of CCS
� Early engagement will have access to government 

incentives and revenue from EOR
� Spread risk between production, transmission, and 

containment operators
� Transmission networks and regional sinks provide lower 

costs and risks



Thank You

Michael.Delallo@worleyparsons.com


