
INFRASTRUCTURE

“The basic physical and organizational 
structures and facilities needed for the 
operation of a society or enterprise.”

Oxford Lexico English Dictionary
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CCS is 
secure. 

220 million 
tonnes of 
CO2 stored 
to date



Natural Gas Infrastructure in the U.S.

Edwards & Celia, 2018
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Midwest Carbon Capture Platform
Project Green Shoots



Infrastructure for a Net-Zero Future – May 2021Navigator CO2 Ventures LLC

Navigator CO2 Ventures is proposing to construct 
approximately 1,200 miles of new CO2 pipeline 
spanning five states (Nebraska, Iowa, South 
Dakota, Minnesota, and Illinois) and 
sequestration facilities in Illinois with enough 
early capacity to sequester up to 8 million metric 
tonnes of carbon dioxide per year

➢ CO2 will be sourced from different industrial 
sources based upon customer commitments

➢ Platform will be expandable to > 15 million 
metric tonnes of carbon dioxide per year

Project Timeline

- March 2021: Non-Binding Open Season 
Launch

- June 2021: Binding Open Season Launch

- 2H2021: Approximately 40 months of 
permitting & construction commences

- 4Q2024: Initial Phase Commissioning

- 1H2025: Full Commercial Service

What We Are Building
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Indicative Open Season Map



Infrastructure for a Net-Zero Future – May 2021Navigator CO2 Ventures LLC

➢ Pipeline will be offered to the market as a common 
carrier system consistent with FERC liquids principles 

➢ Shippers (versus pipeline or sponsor) will have contractual 
capacity rights

➢ Transparent structure provides framework for new 
customer onramps and integration with other pipeline 
systems in the future

➢ Fee for service model easy to understand and evaluate

➢ Navigator is conducting an open season process to 
solicit customer interest in firm capacity on the pipeline 
system

➢ Rate grid: more capacity + longer term = lower rates

➢ Project scale provides basis for attractive rate-setting

➢ Sequestration site(s) will be developed in parallel to 
accommodate open season customer responses

➢ Fee for service

➢ Customer option for Navigator to construct and 
finance on-site carbon capture to minimize upfront 
emitter CAPEX

How We Are Commercializing CCS

14



Infrastructure for a Net-Zero Future – May 2021Navigator CO2 Ventures LLC

Why Pipelines Can Be Part of the Solution

15

▪ Pipelines represent an immensely scalable platform to aggregate and sequester carbon

▪ Emission sources often located at geographically disparate locations from practical carbon sequestration sites

▪ Engineered solutions for CO2 capture and conditioning make pipeline systems agnostic to the emissions source

▪ Monitoring systems measure pressure differentials in tight distance intervals to help manage system integrity
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Infrastructure for a Net-Zero Future – May 2021Navigator CO2 Ventures LLC

Project Benefits
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1,000

The number of trucks per day it would 
take to transport ~8 million mT of CO2

annually

Project’s potential to 
eliminate ~18% of 
emissions produced by 
Industrial Processes 
and Agriculture in the 
state of Iowa

18%
Substantial Economic Benefits

• Dozens of permanent fulltime jobs

• Thousands of temporary jobs

• Millions in localized tax benefits

Source: 2019 Iowa Statewide Greenhouse Gas Emissions Inventory Report

CO2 
Hub

First step in creating multi-
industry carbon hub

Infrastructure for a Net-Zero Future – May 2021Navigator CO2 Ventures LLC

file:///C:/Users/kcoulson/Downloads/Final 2019 GHG REPORT (2).pdf


Infrastructure for a Net-Zero Future – May 2021Navigator CO2 Ventures LLC

Founded in 2012, Navigator is a privately 
owned midstream infrastructure company 
with operations based in the US. 

Since inception, Navigator has deployed over 
$1.3 billion in capital and has safely 
constructed and operated more than 1,000 
miles of pipeline. 

The company employees 52 individuals and 
expects to double in size over the next 36 
months. Our experienced management team 
has over 130 years of combined experience 
across multiple commodities. 

Matt Vining, CEO, resides in Iowa and plans 
to establish offices in Iowa, Nebraska and 
Illinois. 

About Us
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Matt Vining, CEO

“Investing in CCS allows us to be a good steward of 
our midstream expertise while simultaneously 

addressing climate change and building a more 
sustainable future.”



Infrastructure for a Net-Zero Future:

Link to Geologic Storage

Susan Hovorka 

Gulf Coast Carbon Center

Bureau of Economic Geology

Jackson School of Geosciences

The University of Texas at Austin

GCCSI Carbon Capture and Storage 101 Webinar #2
May 7, 2021



Role of Storage in CCS

• To attain very large volume atmospheric CO2 reductions,  

large volume, permanent storage is needed.

– Much of this need can be met by injection of CO2 into Deep 

Saline Formations

– Initiated and augmented by use

and storage of CO2 via EOR.

Ritchie and Roser (2017) - "CO₂ and Greenhouse Gas Emissions



CO2 is captured as concentrated
high pressure fluid by any
methods

CO2 is shipped as supercritical 
fluid via pipeline to a selected, 
permitted injection site

CO2 injected via  wells at pressure into
pore space at depths 
below and isolated (sequestered)
from potable water.

CO2 stored in pore space 
over geologically
significant time frames

Capture

Land surface

> 800 m

CO2

Confining system 

limits CO2 rise 

Mechanism of CO2 Storage in Deep Saline Formations

Injection ZoneInjection zone

Brine displaced

Pore-scale trapping

CO2

Brine

Sand grain

brine



Multiple Stacked Storage Units 
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Tucker Hentz BEG

Sandstone
Porosity indicator

Mudrock

Inject here
Datum:           MFS 9

TSE 8

500 ft

Amph. B
zone

Datum

Inject here

Inject here

7 miles

6000 ft 
Below sea level



Rock Volume Occupied by CO2

Porosity indicator

Sahar Bakhshian BEG

10μm1mm sand groins
Burnside and Naylor2014



G. Laske and G. Masters, A Global Digital Map of Sediment Thickness, EOS Trans. AGU, 78, F483, 
US capacity - 2,379 GT – 21,633 GT (NETL and USGS)

More info: https://www.globalccsinstitute.com/resources/global-status-report/

Storage Resource Distribution

Prospect under  
injection or study

Prospect

No prospect



Risk assessment

Water table
Underground source of drinking water

Earthquake

Escape of brine 

or CO2 to 

groundwater,

surface water, 

or air via long 

flowpath

Substitute 

underground

injection for air

release

Escape of CO2

or brine to

groundwater,

surface water

or air through

flaws in the seal

Failure of well cement or

casing resulting in leakage



Induced Seismicity

USGS Pedersen, 2016 http://pubs.usgs.gov/of/2016/1035/ofr20161035ver1_1.pdf



Microseismicity for tracking pressure 

elevation

Illinois Basin Decatur Project, Lee et al, 2014



Leakage: likelihood is low x consequence is low  = risk is low

• Available past practices
– 80MMT stored at SACROC field, Scurry County TX

• No detection of CO2 in groundwater

– 20 MMT stored at Sleipner field North Sea
• No detection of loss by British Geologic survey

– Well failure studies Kell 2011; Porse, Wade, Hovorka

– https://www.rrc.texas.gov/oil-and-gas/compliance-
enforcement/blowouts-and-well-control/

• Controlled release experiments
– What would happen if CO2 leaked to air, water, soil, 

ocean
• Small but detectible impacts. No massive damage.



CO2 Controlled Release Experiments

http://www.stemm-ccs.eu/

http://www.pml.ac.uk/News/CCS_controlled_l
eak_results

Ginninderra  
http://www.ieaghg.org/docs/General_Docs/1_Comb_Mon_EnvR
es/3_GinnCRFSEC.pdf

ZERT experiment: 
https://water.usgs.gov/nrp/proj.bib/Publication
s/2010/spangler_dobeck_etal_2010.pdf

Brackenridge and SECARB experiments
Changbing Yang -- BEG



Use of CO2 for enhanced oil recovery (EOR) 

process

Residual oil will not move to 

production wells

At reservoir pressure, CO2 is 
miscible with oil

o Viscosity decrease

o Volume increase

Oil-CO2 phase can migrate to 
production wells

Rock grains

CO2

30% Remaining oil is residual, immobile

Rock grains

Oil, CO2, and
H2O produced

Note: Many other EOR techniques compete with CO2



CO2 EOR is a Closed Loop System

Capture 

unit

CO2 emissions

CO2

Oil

Brine

CO2

Oil to market

Recycle is

effective in stripping CO2

from produced fluids

All the CO2 captured

remains isolated from the 

atmosphere.

recycle

Separation plant



Safe and Effective Injection > 50 years

Water and gas injection for secondary recovery

Well management, IWR,   flood surveillance1940

1950

1960

1970

1980

1990

2000

2010

CO2 capture from gas plants and injection for EOR

CO2 saline storage Sleipner

Monitoring CO2 EOR Weyburn 

Monitoring CO2 Huff-n-puff  West Pearl-Queen

Monitoring CO2 saline test Nagaoka

Monitoring CO2 saline test Frio I and II

2020

Injectivity +Monitoring Phase II saline tests

Monitoring Phase II EOR tests (Cranfield, Zama, SACROC

Monitoring Phase III EOR + Saline Cranfield
Adding Saline

Adding monitoring to 
demonstrate storage

Representative projects

Monitoring Phase III Saline Decatur

Monitoring Phase III Saline Citronelle

Monitoring Phase III EOR Michigan

Injection+ monitoring InSalah

Injection+ monitoring Ketzin

Injection+ monitoring Laq

Skills in 
CO2

Injection
and 
handling

NRG, QUEST, Gorgon, Air Products, Boundary Dam…Commercial storage

Injection+ monitoring Mountaineer



Conclusions

• Status of geologic storage in deep saline formations and 

via EOR: mature, successfully underway and ready for 

larger scale implementation

• Challenges: convincing key stakeholders this is true

• Capacity is large but unevenly distributed

• Failure is rare, consequences  ordinary, and risk 

manageable



Questions?

Susan Hovorka

Susan.hovorka@beg.utexas.edu

www.gulfcoastcarbon.org
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CCS infrastructure in the UK

Ian Hunter

Commercial Manager

Net Zero Teesside & Northern Endurance Partnership



Confidential

Carbon capture

Power

Industry
(post-combustion)

Hydrogen

H2

CO2

CO2

CO2

H2

Transportation & storage

Key roles for CCS

CO2 usage

Industry
(pre-combustion)



Confidential

• In 2019 UK put into law that the entire country would have Net 
Zero emissions by 2050

• In November 2020 UK government published its 10-point plan 
outlining key aims for the next decade 

• To develop four CCS clusters with two operating by the mid-
2020s and two more by 2030

• Capture 10 MtCO2 a year by 2030 

• December 2020, UK’s 6th carbon budget update: CCS is essential to 
reach net zero:

• >20mtpa by 2030

• >100mtpa by 2050

UK Government 10 point plan



Confidential
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Teesside

• Gas power

• Bio-energy 

• Industrial CO2

• Hydrogen

Scotland

• Hydrogen

• Power

• Existing infrastructure

Humber

• Hydrogen

• Bio-energy

• Gas power

• Industrial CO2

North West England

• Hydrogen

• Industry 

• Existing infrastructure

UK – Key CCS Clusters

South Wales

• Hydrogen

• Steel

• Cement

• CO2 shipping

• Transportation & 

offshore storage



TEESSIDE

NORTH SEA

HUMBER

GRIMSBY

SCUNTHORPE

HULL

YORK

SCARBOROUGH
MIDDLESBOROUGH

ENDURANCE

POTENTIAL FUTURE 
EXPANSION

145km

85km

Teesside & Humber clusters



Confidential
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Value for Money (1/2) - How will the project lead to decarbonisation of industrial clusters in the long-term, after the ISCF 
investment period of March 2024? What long-term gains would be achieved through this level of public funding?



Confidential

Business Models – “Split Chain” commercial structure  

Clean power

Gas 

Carbon CapturePower generation

CO2 sales 

Gas

price

Electricity

price

T&S

fee

Storage

NEP Transportation & 

Storage JV

• Transport & Storage 

Regulated Investment 

model (TRI)

• Receives T&S fee

NZT Power with CCS JV

• Dispatchable Power Agreement (DPA)

• Revenue from market & billpayer

• Pays T&S fee

Teesside Industry & Hydrogen  

T&S fee

Billpayer 

and 

market 

funding

Capex / revenue 

support

Govt 

funding

T&S fee

Humber cluster


