


Paul Dickerson, Global Products Lead, Pipeline Management Software, Emerson, 
USA, explores preparing pipelines for the new CO2 and hydrogen rush.

A novel blend of new 
technology and critical 
infrastructure will be 
required to sequester CO2 

and hydrogen as part of the low-
carbon energy transition and changing 
energy landscape. The transition 

will dictate a redesign of pipelines, 
along with greater resource 
optimisation across pipeline 
networks that requires risk-
modeling software and capabilities 
such as machine-learning 
algorithms, self-learning adaptive 
methods, and simulation-based 
applications for companies to 
compete and thrive in the future.

The oil and gas industry is 
taking significant strides developing 
a more defined and central role in 
reducing greenhouse gas emissions 
and capitalising on new forms of 
production amid a diversified and 
changing energy landscape. 

Globally, investment in the low-
carbon energy transition hit a record-

setting US$755 billion in 2021, a year-
over-year increase of 27%, according to a 

new report by research firm BloombergNEF. 
Renewable energy in 2021 captured 

US$366 billion in new investment, a 6.5% increase 
from the prior year, for new projects and small-scale 

systems. The energy sector raised the largest amount of 
capital – US$68.5 billion – a nod to wind, solar power and 

hydrogen. 
The stakes for oil and gas majors steering the ship toward 

decarbonisation and a cleaner energy transition are high as 
they consider the most timely, effective capital expenditures. 

Many are opening new forms of dialogue and developing 
strategic business-to-business partnerships while considering 
how their pipeline asset management and operations 
objectives align with currently available technologies, emissions 
targets, and opportunities for a return. 

Future demand
Coming demand for carbon capture and storage (CCS), as well 
as a new hydrogen rush, appears to be well within reach in 
midstream oil and gas sectors, with aggressive targets being set 
by energy producers in Europe and around the globe. 

Transporting CO2 in pipelines is similar to transporting other 
pipeline products; it can be transported as a gas or as a dense, 

liquid or supercritical fluid. Reuters reported in September 2021 
there were 15 direct-air capture plants operating worldwide, 
capturing and sequestering more than 9000 tpy of CO2 from the 
atmosphere; and direct carbon capture and sequestering from 
industrial processes are surging. 

In the US, approximately 8047 km (5000 miles) of pipelines 
transport CO2, predominantly to oilfields, where it is used 
for enhanced oilfield recovery (EOR). A recent report by the 
Congressional Research Service (CRS), indicating the industry’s 
stake in the potential to preserve the value of existing pipeline 
assets while reducing CO2 emissions, was cited as one reason 
domestic pipeline operators are looking into enriched natural gas 
and CCS pipeline conversion in the US. 

On hydrogen
Gaseous hydrogen can be transported through pipelines much 
the way natural gas is today, and nearly all hydrogen pipeline 
shipment in the US and overseas occurs in dedicated hydrogen 
(or syngas) infrastructure. As of December 2020, there were 
2588 km (1608 miles) of active hydrogen pipelines in the US, 
according to the CRS report. By comparison, there are over 
482 803 km (300 000 miles) of US natural gas transmission 
pipelines, excluding distribution mains, located in the 48 
contiguous states and Alaska. 

More than 90% of these hydrogen pipelines are located 
along the Gulf Coast in Texas, Louisiana and Alabama, 
primarily serving refineries and ammonia plants in the region. 
Comparatively short hydrogen pipelines are located elsewhere 
in Texas, Louisiana, and in nine other states. California has 
16 miles of hydrogen pipeline, Indiana has 14 miles, and the 
remaining seven states have fewer than 10 miles each.

By mass, hydrogen has the highest energy per mass of any 
fuel. However, its low ambient temperature density results in a 
low energy per unit volume. Hydrogen is less energy dense by 
volume – about four times less energy dense – than natural gas, 
therefore requiring the development of advanced, large-volume 
transportation and storage methods that have potential for 
higher energy density. 

Storage of hydrogen as a liquid also requires cryogenic 
temperatures, as its boiling point at one atmosphere pressure is 
-253°C (-423°F), coupled with insulated storage facilities.

Some operators have already initiated projects to blend 
hydrogen in natural gas pipelines. In November 2020, as one 
example cited in the CRS report, Southern California Gas 
Company and San Diego Gas & Electric Company filed a joint 
application with state regulators to initiate a hydrogen blending 
demonstration project in their respective gas distribution 
systems in California. 

Several other US utilities have proposed or initiated early 
efforts to test hydrogen blending in natural gas pipeline systems, 
but they had not announced plans to ship significant hydrogen 



volumes in commercial service. In the UK, several agencies, such 
as SGN, are testing domestic hydrogen in pilot projects. In Italy, 
one operator had demonstrated 10% hydrogen blending in a 
segment of its natural gas transmission network serving several 
large industrial customers. 

Hydrogen embrittlement (HE), occurring when metals 
become fragile as a result of the introduction and diffusion of 
hydrogen into the material, is another leading cause of concern. 
Hydrogen is a very reactive with a tendency to want to bond 
with most elements to form hydrides. It disassociates on metal 
surfaces and dissolves into the meal lattice, weakening pipelines. 
Commonly known as hydrogen assisted fatigue and fracture, HE 
affects all major high-strength structural materials. 

Equations of state
The analysts assert 20% hydrogen concentrations by volume 
may be the maximum allowable blend before significant pipeline 
upgrade costs are required due to potential impacts on pipeline 
materials. Moving forward, however the blending is qualified 
or quantified, more dedicated and critical infrastructure will be 
required to move energy and meet stated emissions reduction 
targets and needs. 

This will likely result in a more comprehensive network of 
pipelines or storage capacity as part of a novel blend – not 
only in light of the necessary and inevitable continued use 
of fossil fuels, but as part of the cleaner energy transition 
and diversification of resources to fuel a cleaner, new energy 
industrial complex. 

Added to this list of physical complexities, pipeline design 
also needs to be considered. In general, the mathematics 

of flow equations have changed little over the years. Minor 
adaptions to the flow and energy equations are used in 
appropriate cases, and of course momentum equations have 
not changed; however the area of question is how the fluid 
properties are calculated. 

The equations of state used in the industry have been 
derived from and validated against empirical data in the oil 
and gas space. Enriching natural gas with hydrogen means 
the equations of state selection for fluid flow and product 
blending may require a more careful selection. Suggestions 
for the best equations have been made, however the 
computational intensiveness may make some less suited to 
pipeline design applications. 

The technology and thought leadership exists to help 
companies run their pipelines more efficiently and more safely, 
to deliver the products they need. In fact, many companies 
worldwide are adopting the tools to design systems that 
are safe and robust – developing partnerships with outside 
resources to take a collaborative approach that provides the 
experience necessary to move forward with confidence in the 
changing energy world.

Asset management
A critical area operators must continue to focus on is pipeline 
asset management that commands a systems-wide thinking 
approach, encompassing all facets of business operations, risk 
management and public image. 

The setting of CO2 emissions targets for many established 
oil and gas majors, including those transitioning to become 
integrated energy players, has included an assessment of 

Figure 1. As new energy products emerge, Emerson’s advanced GIS solutions will help companies easily identify potential issues in high 
consequence areas (HCAs) for safer operations. 
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organisational capabilities and operational strategies for 
efficiency, and to demonstrate where gains are quick and easy to 
implement. 

Many new business relationships are likely to be formed, 
alongside the development of innovative breakthrough 
technologies – a combination of the use of data, the acquisition 
of technology, and access to broad-based experience to improve 
overall predictability.

Existing software, such as Emerson’s PipelineStudio™ are 
indicative of offline engineering tools to assist with the 
natural and liquid gas pipeline planning and design process via 
advanced simulation techniques. The technology, allowing for 
steady-state or transient simulations, in high-speed or variable 
speed interactive modes, offers detailed models of pipes and 
the common pipeline equipment elements such as valves, 
compressors, heat exchangers, and other components and other 
ancillary components. 

Emerson is working to lead the way for pipeline operators 
and consulting firms worldwide. By empowering engineers 
and planners with reliable and accurate information, Emerson’s 
advanced software is leading to better decision making that is 
resulting in improvements in pipeline design, performance, and 
throughput. In most cases, the optimisation of pipeline system 
performance, creation of emergency plans and updates to 
operational strategy can be achieved without interrupting online 
production and transmission.

Decision points
All oil and gas pipelines require attention to design, monitoring 
for leaks, and protection against overpressure, especially in 
populated areas. Safety also must always come first when 
considering hydraulic behaviour of hydrogen enriched gas. 

Using powerful simulation-based applications, Emerson’s 
PipelineManager™ software provides operators with instant 
insights into daily and routine operations, helping overcome 
unique challenges often associated with maintaining full 
compliance with safe operating regulations, and struggling to 
balance nominations with capacity. 

PipelineManager additionally offers advanced, 
comprehensive leak detection technology ranging from pinhole 
leaks to ruptures, including those caused by accidents and theft. 
The software rapidly identifies leaks and efficiently manages 
operations across the pipeline with real-time access to mission-
critical data and the transformation of obscure pipeline data into 
intuitive charts, graphs and maps. 

This ensures improved visibility into current operations, 
enabling quick and accurate response times as the data are 
consolidated rapidly, from multiple sources and in real-time, 
helping inform more accurate decision-making processes 
across the entire pipeline. It paints a detailed picture of current 
operations and simplifies the tracking of products, fluid 
composition, ownership, pigs, scrapers and many other activities 
down the line. 

First-level filtering should always be applied to the pipeline 
design, management or leak detection data, as a way to identify 
potential data errors, as well as mitigate the potentially negative 
impact consequences of inaccurate data measurement or 
poor SCADA system integration. It is essential to incorporate 
advanced software into the SCADA system to get a complete 
picture of the pipeline and how it is operating at any given time.

With an aging infrastructure adding to the complexity, oil 
and gas majors are talking more openly, and acting decisively, 
in terms of their roles – and about setting goals and staying 
ahead of emissions targets. They are working to develop a 

Figure 2. Emerson’s PipelineStudio is an offline engineering tool that provides advanced simulation techniques to improve pipeline design, 
performance and throughput.
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clear understanding of the impacts of the energy transition and 
associated opportunities both in the near and long-term. 

Costs for pipeline construction vary, depending upon 
length and capacity, right-of-way costs, whether the pipeline 
is onshore or offshore, whether the route crosses mountains, 
large rivers, or frozen ground, and other factors. 

The quantity and distance transported will mostly determine 
shipping costs. 

From the design and development of new and necessary 
energy infrastructures – to the optimisation of existing assets to 
meet future demands – inquiries often revolve around subjects 
associated with where to build extra capacity, the best possible 

Figure 3. Operators can also more accurately predict compressor pressure by running simulations in PipelineStudio.

Figure 4. PipelineStudio allows for steady-state or transient simulations with detailed models of pipes, including equipment such as valves, 
compressors, heat exchangers, and other devices.
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points to loop pipelines, ensuing compliance with all regulations, 
and making room for new plays. 

New studies and testing will be required. Greater analysis 
based on feeds of fatigue crack growth data. More deliberate 
consideration regarding the fact that the current infrastructure is 
not designed and may not be suited to carry large amounts of 
hydrogen.

Our number one opportunity is to enrich the natural gas 
supply we have, a gradual shift away from traditional gas products 
into hydrogen-based gas products in homes and industries. 

Initially this must occur by volume. It will take some time. 

New momentum
Regardless of the intended use of energy pipelines, including 
which products are being transported and their intended routes, 
an emphasis on safety and upholding one’s reputation in the 
industry is paramount for all oil and gas companies proclaiming to 
be leaders in the move toward cleaner energy. 

Their sights are set on the mitigation of risks associated 
with climate change, future proofing their business models and 
taking leadership positions with environmental sustainability and 
profitable results among top concerns. 

Many oil and gas companies are transitioning their operations 
to handle hydrogen enriched natural gas, pure hydrogen and other 
potential product variants and blends, and other new forms of 
energy that are beginning to emerge as viable for transportation, 
commercial use, homes, and other alternatives. 

We are in a changing energy landscape with a lot of new 
momentum running parallel with some uncertainties about 
which direction everybody is going in from a legislative and 
geopolitical point-of-view. It is difficult to overstate the role 
of advanced pipeline solutions from a safety, public image and 
profitability perspective – both as part of the transition to a 
‘net-zero’ emissions mentality and, for growth-oriented oil and gas 
companies, to retain a competitive edge. 

From our experience at Emerson, staying on top of guidance 
and advice derived from global markets is key. It is anticipated 
that the role of simulation, as well as AI, machine-learning 
algorithms, and self-learning adaptive methods, will play a critical 
role in the future design of pipelines and resource optimisation 
across pipeline networks. 

That includes risk modelling software and capabilities as they 
relate to pipes that will be used to transport and store CO2 or 
hydrogen. Of course, there is much analysis and work to be done 
on the operational side. Reliable simulation-based applications 
integrated into modern SCADA systems that are readily available 
today from Emerson will continue to enable pipeline operators 
to deal effectively with daily concerns, regardless of the products 
flowing in their pipelines.

Testing, alongside further pipeline safety design, evaluation 
of risks, and education and training, will be more important 
than ever to keep everyone safe and ensure continuity across all 
operating conditions – in the rush to capitalise on the low carbon 
energy transition. 
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