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Abstract 

The United States (U.S.) Department of Energy (DOE) and the National Energy Technology Laboratory (NETL) have developed a series of 

economic tools and resources that enable evaluation of the cost to implement CCUS for each segment of the value chain: capture, transport, 

utilization and storage. This paper provides a comprehensive review of the storage and transport economic models and analytical approaches 

DOE/NETL has developed for assessing the CO2 storage and transport cost drivers that affect the entire CCUS value chain. 

DOE’s CO2 storage and transport models provide for various analytical approaches to evaluate the economics associated with deploying 

CCUS. The models incorporate all relevant associated costs to estimate the first-year break-even price to store or transport a tonne of CO2. To 

estimate this cost, these models utilize basic engineering equations to calculate storage or transportation cost drivers. The two major cost 

drivers for storage are the annual rate of injection of CO2 and areal extent of the CO2 plume in the subsurface. The areal extent of the CO2 

plume in turn drives monitoring, verification and accounting (MVA) cost and financial responsibility costs. For transportation, the cost drivers 

are pipeline diameter and distance between source and storage site. The CO2 storage cost model provides the technology and cost data, 

including the cost of the financial responsibility instruments, to model storage projects that comply with the U.S. Environmental Protection 

Agency underground injection control Class VI regulations. It also has a geology database of 64 formations that provide the storage potential 

for modeling CO2 storage reservoirs. Costs associated with site selection and characterization, permitting, wells, facility construction, injection 

operation, monitoring, and closure of the storage site are included in the storage cost model. The pipeline model accounts for construction and 

operation costs. Both models provide for comparative cost analysis of, for example, various storage reservoirs, storage project operations, 

selection of financial responsibility instruments, selection of a reservoir for overall low cost CCUS, or utilization of a trunkline pipeline system 

instead of a dedicated pipeline. Examples from several studies illustrate the flexibility of the CO2 storage and transportation cost models to 

provide cost analysis of CO2 storage potential in the various basins in the Lower-48 states. 
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Carbon Capture Utilization & Storage
Disclaimer
This study was prepared as an account of work sponsored by an agency of the United States 

Government. Neither the United States Government nor any agency thereof, nor any of their 

employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 

the accuracy, completeness, or usefulness of any information, apparatus, product, or process 

disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any 

specific commercial product, process, or service by trade name, trademark, manufacturer, or 

otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by 

the United States Government or any agency thereof. The views and opinions of authors expressed 

herein do not necessarily state or reflect those of the United States Government or any agency 

thereof.
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• FE/NETL CO2 Saline Storage Cost Model
– Designed to meet Class VI regulations, estimate cost of compliance
– Geologic database representative of geologic section in numerous 

basins
– Can model storage costs for a single reservoir or multiple reservoirs
– Model assumes successful operations

• FE/NETL CO2 Transport Cost Model
– Point-to-point transport cost modeling

Carbon Capture Utilization & Storage



• FE/NETL Offshore CO2 Saline Storage Cost Model
– Extension of onshore cost model
– No Class VI in federal waters

• FE/NETL CO2 Prophet
– EOR assessment tool, update of existing program
– Residual oil zone (ROZ)

• FE/NETL CO2 Enhanced Oil Recovery (EOR) Cost Model
– Class II, Subpart RR
– ROZ

• FE/NETL Offshore CO2 EOR Cost Model

Carbon Capture Utilization & Storage
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Regional Evaluation Site Selection 
& Characterization

Permitting 
& Construction Operations Post-Injection 

Monitoring Long-Term Stewardship

UIC Class VI Regulations
Developing state regulations

Class VI Permit

0.5 to 1 year 3+ years 2+ years 30 to 50 years 10 to 50+ years Rest of Civilization

Gather existing data; 
develop several prospects

Select a site; 
acquire new data

(drill wells, shoot seismic); 
prepare permitting plans

Permit awarded 
to drill/test injection wells;

final approval to begin 
injection; install MVA network

Inject CO2;
remediate existing wells 

as needed; new monitoring 
wells as needed; conduct 

MVA

Monitor site per 
plan; maintain 

financial 
responsibility;  
establish non-

endangerment; 
close and restore 

site

Another entity 
(e.g., a state) takes over

Assemble acreage block
(surface access/pore space)

Secure financial responsibility upon permit application; 
as required, maintain financial responsibility through operations and PISC

25% success rate assumed Pay $/tonne fees*

Negative cash flow Positive cash flow Negative cash flow Covered by fee paid into a trust 
fund during ops

*Per tonne cost associated with several cost items: long-term stewardship (state sets rate), insurance to cover emergency & remedial response (financial responsibility), 
a per/tonne “royalty” to pore space owner

FE/NETL CO2 Saline Storage Cost Model

Presenter
Presentation Notes
Under Regional Evaluation only EXISTING data is gathered—no new data acquisition or modeling.Leasing cost for surface access and pore space rights (dictated largely by CO2 plume area, not Area of Review).  Baseline cost is $50/acre plus $0.05/tonne injected (guess based on Grant’s experience with oil field operations, EPA also used ~$50/acre in their analysis).  Typical acreage for a project might be 10+ square miles (6400+ acres).EPA’s default post-injection monitoring period is fifty years, but it can be shorter or longer depending on how soon non-endangerment is established.Some states may accept responsibility for long-term stewardship after a minimum of 10 years of monitoring.Remediating existing wells (e.g., plugging them) is an example of a “corrective action.”The $0.07/tonne default for long-term stewardship is based on a North Dakota policy.



Cost drivers:
• Reservoir quality
• Areal extent of plume

– Area of review (AoR)
– Drives monitoring costs

o Monitoring wells
o Seismic
o Corrective action

– Financial responsibility

• Injection
– Annual mass of CO2

injected
– Number of injection 

wells
– Class VI permit

FE/NETL CO2 Saline Storage Cost Model



• Storage resource potential exists across 
continental U.S.

• Geo-Database: 62 formations in 32 basins 
across 26 states

• Quality of these potential reservoirs is variable

FE/NETL CO2 Saline Storage Cost Model



• Provide funds to complete work when operator fails to perform
• Four covered areas

– Injection well plugging 
– Corrective Action 
– Post-Injection Site Care
– Emergency and Remedial Response

• Six recognized instruments for Financial Responsibility
– Trust Fund, Escrow Account
– Insurance, Letter of Credit, Surety Bond
– Self-Insurance

• Establish Financial Responsibility when apply for permit
• Pay-in period up to three years
• Unique scenario in cost model – pay in over life of operations

FE/NETL CO2 Saline Storage Cost Model
Financial Responsibility
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• Two pipeline networks: 
dedicated pipeline system 
and trunkline pipeline system

– Straight line segments 
routed through modeled 
storage sites

– Trunkline hubs 30 miles (48 
km) from storage sites

• The FE/NETL CO2 Transport 
Cost Model was used to 
estimate all pipeline 
transportation costs

– Cost based on mass of CO2
transported, transport 
distance, and elevation at 
each end of the pipeline

– Pipeline diameter and 
number of booster pumps 
were determined by the 
model

– Five trunkline capacities with 
pipe diameters of 12 in to 36 
in were modeled

FE/NETL CO2 Transport Cost Model
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• Unit cost of transportation decreases with increase in mass of CO2 transported
• Unit cost of transportation increases with distance for specific mass of CO2 transported
• For specific pipeline diameter, more booster pumps with increasing mass of CO2 transported
• Both graphs illustrate economies of scale for pipeline transportation

FE/NETL CO2 Transport Cost Model
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CCUS Modeling
Four Basin Study

• Provide storage and transport costs for 
CCS modeling

• Source using local coal



CCUS Modeling
Four Basin Study (cont’d)

• Increase percentage of cost during permitting for Red River and Madison due to increase 
in drilling and completion costs for a deeper reservoir

• Madison reservoir is deepest of the four modeled here, plus it requires more than double 
the injection wells

 Mt. Simon 3 Woodbine 1 Red River 1 Madison 1 
Illinois East Texas Williston Powder River 

Thickness (ft) 1,000 700 530 833 
Permeability (mD) 125 500 39 5 
Porosity (%) 12 20 14 10 
Storage coefficient 5.6 5.4 7.3 6.4 
     

Number of active injection wells 3 3 3 9 
Injection well depth (ft) 5,320 6,250 9,580 11,883 
     

Monitoring wells (dual completed) 15 15 18 19 
Monitoring wells (above seal) 11 11 14 15 
Total monitoring wells 26 26 32 34 
     

Maximum 3-D seismic area (mi2) 70 73 113 131 

 



CCUS Modeling

• Cumulative storage 
potential cost supply 
curve for each basin

• CO2 capture curve for 
Electric and Industrial 
sources suggests 
sufficient potential 
storage

• Pipeline configuration
– 3.2 Mt CO2 per year
– 100 km (62 mi) distance
– 2,200 psig inlet, 1,200 psig 

outlet

1NETL. QGESS: Carbon Dioxide Transport and Storage Costs in NETL Studies. DOE/NETL-2014-1653. Found at:  http://www.netl.doe.gov/research/energy-analysis/quality-guidelines-qgess

Source: NETL1

Four Basin Study (cont’d)

Presenter
Presentation Notes
Quality Guidelines for Energy System Studies: Carbon Dioxide Transport and Storage Costs in NETL StudiesFound at: http://www.netl.doe.gov/research/energy-analysis/quality-guidelines-qgess



Dedicated Pipeline System vs Trunkline Pipeline System

Dedicated Pipeline System Cost 
$/tonne Trunkline Pipeline System Cost 

$/tonne 
Capture (0.65 Mt/Yr) 18.00 Capture (0.65 Mt/Yr) 18.00 
Transport    Transport    

Route Diameter 
(in) 

Distance 
(mi)  Route Diameter 

(in) 
Distance 

(mi)  

    E200 – HPA 8 121 14.43 
    HPA – HIN 30 360 5.55 
E200 – FR3A 8 1,358 155.52 HIN – HMS 36 549 8.30 
    HMS – HTX 36 281 4.24 
    HTX – FR3A 8 30 3.73 
Total  1,358 155.52 Total  1,341 36.25 
Storage  FR3A   Storage FR3A   
Dome   19.30 Dome   19.30 
Regional Dip   20.82 Regional Dip   20.82 
CCS    CCS    
Dome   192.82 Dome   73.55 
Regional Dip   194.34 Regional Dip   75.07 
        

Dedicated Pipeline System Cost 
$/tonne Trunkline Pipeline System Cost 

$/tonne 
Capture (3.58 Mt/Yr) 57.82 Capture (3.58 Mt/Yr) 57.82 
Transport    Transport    

Route Diameter 
(in) 

Distance 
(mi)  Route Diameter 

(in) 
Distance 

(mi)  

    E200 – HPA 12 121 4.35 
    HPA – HIN 30 360 5.55 
E200 – FR3A 12 1,358 41.89 HIN – HMS 36 549 8.30 
    HMS – HTX 36 281 4.24 
    HTX – FR3A 12 30 0.86 
Total  1,358 41.89 Total  1,341 23.30 
Storage FR3A   Storage FR3A   
Dome   5.73 Dome   5.73 
Regional Dip   7.58 Regional Dip   7.58 
CCS    CCS    
Dome   105.44 Dome   86.85 
Regional Dip   107.29 Regional Dip   88.70 

 

CCUS Modeling



CCUS Modeling
Dome Structure

• MS6 low cost CCS 
for both pipeline 
systems

• Dedicated pipeline 
lowers cost to MS6 
over trunkline – by 
$1-$2

– Dedicated 254 mi 
(408 km)

– Trunkline 512 mi 
(824 km)

• The source at W200 
has storage options

– Multiple reservoirs 
at small cost 
difference

Large source
3.58 Mt/yr

Large source
3.58 Mt/yr

W200 W200

Dedicated System

Year: 2011$ | Capture: 3.58 | Source Location: W200 | Structure: Dome | Systems: Dedicated, Trunkline
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FE/NETL Offshore CO2 Saline Storage Cost Model

• Water Depth
– More steel

• Distance from Shore
– Longer pipeline
– Travel distance

• Plume area
– Place onshore 

challenges under 
water

• Injection wells
– Directional drilling

CO2 Source: 
- Onshore – plant retrofit
- Purchase from existing network

Platform/Satellite:
- Existing
- Production facilities

Wells – New or Workover

Reservoir:
- Near depletion
- Add recovery potential
- Saline

Pipeline: 
- Existing, upper limit on pressure
- Keep CO2 in liquid phase
- Boost pressure on platform

On the Beach:
- Tie to CO2 source
- Transfer gauge
- Booster Pump



Offshore Geologic Database: 40 Plays Divided into 122 Sub-plays

• Thickness refined based on well log analysis
• Area refined based on BOEM reports1

PLM

PLL

PU

PL

MUU

MUU-MMM

MLU

MUM

MUM-MMM

MMM

MLM

MUL

MML

MLL

KLL

JU-JM

FE/NETL Offshore CO2 Saline Storage Cost Model

1BOEM. Assessment of Conventionally Recoverable Hydrocarbon Resources of the Gulf of Mexico and Atlantic Outer Continental Shelf As of January 1, 1995. 
https://www.boem.gov/uploadedFiles/BOEM/Oil_and_Gas_Energy_Program/Resource_Evaluation/Resource_Assessment/1995GulfAtlanticMMS990034-b.pdf. 



FE/NETL CO2 Prophet Model
• Simplified pattern-oriented streamline / stream tube 

black oil reservoir simulation program originally 
developed by Texaco E&P for DOE in early 1990s

• Very fast, can simulate 30 years of CO2 EOR operations in 5 
to 20 seconds per pattern

• Uses too little CO2 to produce a barrel of oil (too efficient) 
and, consequently, stores too little CO2

• Program recently updated so CO2 needed to extract oil 
is more realistic

• Currently completing calibration of key variables using 
field data from 25 CO2 EOR sites



• Uses input and output fluid flows from FE/NETL CO2 Prophet Model for a 
pattern, implements patterns over time to develop oil field

• Performs field level cash flow analysis of revenues and costs
• Includes capital costs, O&M costs, severance tax, ad valorum tax, royalties, 

federal income tax and finance costs
• Includes development costs for brownfield (conventional oil field) or 

greenfield (residual oil zone) sites
• Pre-federal income tax and after federal income tax calculations
• Evaluation of up to 10 oil prices, each at up to 5 CO2 costs
• Break-even oil price for specific CO2 cost also evaluated

FE/NETL Onshore CO2 EOR Cost Model
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• NETL CO2 cost models effective in comparative analysis
◦ These are cost models, not engineering models
◦ Need to see the cost and when it occurs, specific location of 

well/seismic line not important
• Can model a range of CO2 storage and/or EOR/ROZ scenarios

◦ Change in mass stored (CO2) or volume produced (oil)
◦ Change in costs or price; investment parameters; policy

• Provide for user data input for specific scenario analysis
• FE/NETL CO2 Saline Storage Cost Model and FE/NETL CO2

Transport Cost Model are posted to NETL’s website
• Other models will be posted when testing is completed and 

model is sorted out

Conclusions
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• Link to FE/NETL CO2 Saline Storage Cost Model
http://www.netl.doe.gov/research/energy-analysis/analytical-tools-and-
data/co2-saline-storage

• Link to FE/NETL CO2 Transport Cost Model
http://www.netl.doe.gov/research/energy-analysis/analytical-tools-and-
data/co2-transport

Recent Publications:
Vikara, D., Shih, C., Lin, S., Guinan, A., Grant, T., Morgan, D., and Remson, D., "U.S. DOE's Economic 
Approaches and Resources for Evaluating the Cost of Implementing Carbon Capture, Utilization, 
and Storage (CCUS)," Journal of Sustainable Energy Engineering, vol. 5, no. 4, pp. 307-340, 2017. 

Grant, T., Guinan, A., Shih, C., Lin, S., Vikara ,D., Morgan, D., and Remson, D., "Comparative analysis 
of transport and storage options from a CO₂ source perspective," International Journal of 
Greenhouse Gas Control, vol. 72, pp. 175-191, 2018.

CO2 Storage Lecture
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