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1. Introduction 
Part 1 of this series, "The Future" can be accessed through the link below: 

https://www.energycentral.com/c/ec/climate-and-energy-part-1-future-rev-b  

Part 2 of this series, "Impacts on Infrastructure" can be accessed through the link below: 

https://www.energycentral.com/c/ec/climate-and-energy-part-2-impacts-infrastructure-
rev-b  

This is the final paper in this series, and also mankind's final cure to global warming: 
removing greenhouse gasses (GHG) from the atmosphere until they are at a sustainable 
level. We will also look at the role that utilities will play in mitigation, and thus how this 
might impact their operations. This may hold some pleasant surprises for all of these 
industries. 

2. Mitigation 
Mitigation as defined for this series is removing greenhouse gasses (GHGs) from the 
atmosphere and generally sequestering them, but also binding GHGs into other 
products. 

There are many ways to capture and sequester atmospheric CO2. Most of these have 
been studied extensively, and some have undergone large-scale trials or are actually 
being used for other functions. Potential methods are listed in the following subsections. 
Note that the referenced source was used extensively in these subsections. 1 

2.1. Plant-Based Solutions 
Plants, or more specifically, multi-celled organisms from the kingdom Plantae, are major 
agents for removal of CO2 from the atmosphere. Through photosynthesis, most plants 
use sunlight and water to convert CO2 from the atmosphere into the plants’ structure.  

Once the CO2 is converted to plant material there are any number of ways it can be 
sequestered for long periods (centuries to millennia). These are described below:  

Forestation: The simplest, and perhaps the most economical method for sequestering 
the carbon is to leave it in trees (at least for a while). However, initially we will probably 
be looking for rapid reduction of CO2, so we probably will plant forests using trees that 
are (1) fast growing, and (2) can be used for structures or fuel (see below). Note that in 
this section the term “trees” includes bamboo and other fast-growing plants that can be 
used for structures and/or fuel. As these trees reach economic maturity and are 

                                                 
1 Wikipedia article on “Carbon sequestration”, https://en.wikipedia.org/wiki/Carbon_sequestration  

https://www.energycentral.com/c/ec/climate-and-energy-part-1-future-rev-b
https://www.energycentral.com/c/ec/climate-and-energy-part-2-impacts-infrastructure-rev-b
https://www.energycentral.com/c/ec/climate-and-energy-part-2-impacts-infrastructure-rev-b
https://en.wikipedia.org/wiki/Carbon_sequestration
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harvested, some of them will be replaced by long-lived species, and these will have life-
times ranging from centuries to millennia. 

Bio-Energy: There are many species of plants that can either be used (more or less) 
directly for fuel (trees, stover and various grasses), or converted to fuel (algae, sugar 
cane and anaerobic digestion of biomass/waste to produce bio-methane or other 
hydrocarbons). This fuel can then be used in a conventional power plant with carbon 
capture and sequestration. 

Bio-Char: Bio-char is created when organic material is heated to 400° to 600°F in the 
absence of oxygen (this process is called pyrolysis). It is quite stable, and can be 
incorporated into soil. Adding bio-char to soil improves the health of the soil, and 
encourages the growth of plants and other organic matter.  

Agriculture: this is probably the biggest industry in the world, and when it comes to 
quickly getting carbon out of the atmosphere, size matters. In addition to the 
contributions listed above, agricultural practices should be reengineered to maximize the 
amount of carbon that is sequestered in soils. It should be noted that the world’s soils 
contain approximately 1,500 billion tons of carbon, more than the amount in vegetation 
and in the atmosphere. 

Structures and Furniture: The structures of many houses and small buildings are 
currently made from wood. Also other parts of these structures are made from wood 
(flooring, paneling, cabinetry, and others) and this could be expanded with the right 
incentives. A well-made and maintained structure can last for centuries, and I’ve seen 
timber-framed structures in Europe that are over 1,000 years old. Also, wood can be 
used for very large buildings. As an example, the Tacoma Dome is a domed stadium 
that can seat up to 23,000 people, and most of its structure is made from wood. See the 
link below for more information. 

http://westernwoodstructures.blogspot.com/2012/08/the-tacoma-dome.html 

Well-made and properly maintained wood furniture can also last centuries. Although I’m 
not an antique collector, I have a Morris chair and a corner chair in my house that are 
each over 100 years old and are both attractive, comfortable and sturdy. 

Required Infrastructure: In order to expand forests and farmland the primary required 
element is water. There are many areas that would be suitable for these developments 
with water, but the water is not there. 

The U.S. as a whole, has plenty of water, but the water is mainly in the East and the 
Midwest, and it’s mainly needed in the West and Southwest. Furthermore there are 
many major agricultural areas (primarily in the West and Southwest) that have relied on 
irrigation from wells for water, and this source is running-dry (see the prior paper in this 
series). Also, climatologists have predicted that climate change will worsen draughts in 
the West and Southwest. 

The U.S. needs to develop a series of pipelines and canals to move water from where 
there is excess to where that water is needed. This will cost many hundreds of billions of 
dollars, but considering the resulting yield, it will be well worth it. In fact, it can be funded 
by long-term U.S.-backed bonds, paid off through water sales and the increase in real-
estate values. As a side benefit the water-transport system can be designed to mitigate 
inland floods (which will increase with climate change). 

http://westernwoodstructures.blogspot.com/2012/08/the-tacoma-dome.html
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2.2. Ocean-Based Solutions 
Several large scale experiments have been done to enrich the oceans with iron or urea. 
Both of these encourage phytoplankton growth, which removes carbon from the 
atmosphere for at least a period of time. These experiments have shown that this 
technique may have merit, especially as an emergency measure. 

Results similar to iron/urea can also be achieved by pumping nutrient-rich water from the 
depths to the surface (also it will make baleen-whales and filter-feeding fish happy). 

2.3. Expansion of Bogs and Wetlands 
Both of these land-types can sequester large amounts of biomass, and thus carbon. The 
organic material in bogs has its carbon largely sequestered for as long as the bog 
remains wet and undisturbed. It is estimated that bogs contain about one-third of the 
earth’s soils’ sequestered carbon (see “Agriculture” in subsection 2.1).  

About 14.5% of the world’s soil-carbon is found in wetlands, while only 6% of the world’s 
land-area is composed of wetlands. Expansion of the world’s wetlands and bogs will 
sequester large amounts of carbon. Coastal wetlands will also to mitigate the impact of 
large storms. 

2.4. Carbon Capture from Industrial Exhaust 
Some industrial processes (including those used for power plants) produce relatively 
pure CO2, thus there is really no “capture” required. The CO2 just needs to be 
transported to where it can be sequestered (see the next two subsections 2.5 and 2.6). 
However most industrial processes (including most power plants) produce exhaust 
streams that contain other gasses and vapors. The processes referenced below can be 
used to separate the CO2. There are basically two methods as described below: 

Post-Process Carbon Capture: This is capture of the CO2 in the process exhaust 
stream. Although this could potentially be used for existing installations, it is probably not 
economically feasible with current capture technologies for most processes. For 
instance, for existing coal power plants current carbon capture and sequestration 
technologies may increase the cost of electricity for new coal plants by up to 80 percent 
and result in a 20 to 30 percent decrease in efficiency. 

Little development effort has been expended for post-process capture, so it is highly 
likely that addition development funding could improve the economics. New 
developments that might provide this improvement include:2 

 New materials (e.g., physical and chemical solvents and sorbents, ionic liquids, 
carbon fiber molecular sieves, polymeric membranes) 

 Development CO2 reduction and capture options that can be retrofitted to existing 
large point sources of CO2 emissions such as electricity generation units 

 Integration of CO2 capture with advanced power cycles and technologies and 
with environmental control technologies for criteria pollutants 

                                                 
2 Energy.gov Office of Fossil Energy, Post-Combustion Carbon Capture Research, 

http://energy.gov/fe/science-innovation/carbon-capture-and-storage-research/carbon-capture-rd/post-

combustion-carbon  

http://energy.gov/fe/science-innovation/carbon-capture-and-storage-research/carbon-capture-rd/post-combustion-carbon
http://energy.gov/fe/science-innovation/carbon-capture-and-storage-research/carbon-capture-rd/post-combustion-carbon
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Pre-Process Capture: This is already used in some industrial processes, and has been 
demonstrated for power plants. Pre-process capture consists of converting the process 
carbon-containing input component (typically fossil fuel) to separate process streams, 
one of which contains relatively pure carbon dioxide (CO2). For instance, a coal-
gasification combined-cycle power plant converts the coal into two gaseous streams, 
one of which contains hydrogen (H2) and the other CO2. The H2 is used as fuel, and the 
CO2 Is sequestered. 

2.5. CO2. Pipelines 
Not all locations are suitable for sequestration, but there are many locations that are 
(see the next section 2.6). In most cases pipelines will be needed to carry CO2 to 
sequestration sites. Natural gas pipelines can be used on a temporary basis to transport 
CO2 when available. But these are rarely available for a number of reasons, including: 

 They are already being used to transport natural gas (this is especially true given 
the increasing popularity of natural gas in most states) 

 Natural gas pipelines form a network that is designed to go from where gas is 
produced to where it is consumed. Rarely will there be a path from where CO2 is 
produced to where it can be sequestered. 

 Natural gas pipelines are owned by companies that specialize in transporting 
natural gas. The interfaces and challenges in this industry are completely 
different than for a growing CO2 transport industry (although much of the 
infrastructure is very similar). 

It is reasonable that the natural gas transmission industry serve as a precursor to a 
future CO2 transmission industry, and, as natural gas use diminishes, many of the 
pipelines and right-of-ways can be repurposed to also include CO2 pipelines. 

2.6. Sequestration 
Although impounding CO2 in trees, soils or other plant-derived forms as described above 
is generally considered sequestration, this section is specific to the separation of CO2 
from any industrial process (including power generation), transporting it to a 
sequestration site, and either burying it or incorporating it into some other substance to 
immobilize it. The following are burial techniques.3 

 Injecting CO2 directly into underground geological formations 

 Injecting CO2 into oil fields or gas fields (depleted fields or for enhanced recovery) 

 Injecting CO2 into saline formations 

 Injecting CO2 into coal seams that cannot be mined 

The CO2 is prevented from escaping to the surface by using underground formations 
with impermeable layers above them.  

                                                 
3 Wikipedia article on Carbon Capture and Storage, 

https://en.wikipedia.org/wiki/Carbon_capture_and_storage  

https://en.wikipedia.org/wiki/Carbon_capture_and_storage
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The USGS has identified the “…technically accessible carbon dioxide storage 
resources…” on U.S. federal lands, and estimated that these have an area of 
approximately 130 million acres.4 These were identified based on suitability of these 
lands’ underlying geological formations. However this study did not appear to evaluate 
the potential or effects of seismic activity resulting from greenhouse gas injection.  

Studies seem to confirm that when CO2 is injected into depleted oil fields in order to 
increase their production, this may cause moderate earthquakes (larger than magnitude 
4).5 6 It should be noted, however, that earthquakes have not resulted from greenhouse 
gas injection in many common types of geological formations.7 

From reviewing a substantial number of papers, case-studies, and other documents on 
greenhouse gas sequestration, I believe, (1) there are large number of viable, safe sites 
for long-term sequestration of greenhouse gasses, (2) however some otherwise suitable 
sites may produce earthquakes that could damage infrastructure, (3) so care must be 
taken to slowly ramp up injection at unproven sites while monitoring for potentially 
damaging seismic activity. 

The following are incorporation techniques: 

 Growing algae using the CO2 and burying it. 

 Combining the CO2 with commonly available minerals (for instance olivine) and 
burying it, or injecting the CO2 into existing deposits of these minerals. 

 Combining the CO2 with low grade minerals such as magnesium and calcium 
silicate rock to make inert carbonates. This converts the CO2 into a solid material 
that can used in building materials. 

3. Impacts on Utilities 
All utilities will participate in mitigation, and it will mean additional business for all of 
these. I believe I just heard someone say: "But wait, won't we stop using all GHG at 
some point, and isn't natural gas a GHG?" Yes, but what is now the natural gas industry 
will prosper. Read on for more details. 

3.1. Natural Gas Utilities / Industries 
As we mentioned in the last paper, in the short term consumption of natural gas will 
increase. The following are primary consumption methods: 

                                                 
4 Marc L. Buursink, Steven M. Cahan, and Peter D. Warwick, U.S. Department of the Interior, 

U.S. Geological Survey, “National Assessment of Geologic Carbon Dioxide Storage Resources—

Allocations of Assessed Areas to Federal Lands”, April 2015, 

https://pubs.usgs.gov/sir/2015/5021/pdf/sir2015-5021.pdf  
5 Wei Gan and Cliff Frohlich, “Gas injection may have triggered earthquakes in the Cogdell oil field, 

Texas”, June 2013, http://www.pnas.org/content/110/47/18786  
6 National Research Council. “Induced Seismicity Potential in Energy Technologies”. Washington, DC: 

The National Academies Press, 2013. doi:10.17226/13355, https://www.nap.edu/catalog/13355/induced-

seismicity-potential-in-energy-technologies  
7 Viktoriya M. Yarushina and David Bercovici, Department of Geology and Geophysics, Yale University, 

New Haven, Connecticut, USA, “Mineral carbon sequestration and induced seismicity”, March 2013, 

https://scits.stanford.edu/sites/default/files/grl50196.pdf  

https://pubs.usgs.gov/sir/2015/5021/pdf/sir2015-5021.pdf
http://www.pnas.org/content/110/47/18786
https://www.nap.edu/catalog/13355/induced-seismicity-potential-in-energy-technologies
https://www.nap.edu/catalog/13355/induced-seismicity-potential-in-energy-technologies
https://scits.stanford.edu/sites/default/files/grl50196.pdf


 

6  

 

 Burning for residential, commercial and industrial heat 

 Use as a chemical feedstock 

Also in the prior section we proposed the following as a mitigation method (I've added 
details): 

 Convert the CO2 in our atmosphere to bio-stocks (read: grow plants) 

 Covert the bio-stocks into bio-gas via anaerobic fermentation 

 Purify the bio-gas into pipeline grade methane (a.k.a. biomethane) 

 Transport the biomethane to the consumption site using existing gas pipelines 

 Burn the biomethane to produce heat and/or power plus CO2. 

 Pipe the CO2 to a sequestration site and sequester it. 

This will work for all consumption methods, although residential heating will be a stretch. 
The lifetime of a residential central heating unit is 20 to 30 years. At some point these 
units can be replaced with heat pumps (plus resistance heating where required, but note 
that many areas can use ground-source heat pumps). Financial incentives can boot-
strap the replacements 

So what does the gas industry need to do in order to take advantage of the above 
opportunities? 

Expand into two technologies: (1) Biomethane production and (2) CO2 
sequestration. 

Offer biomethane (at a slight premium/profit) to any commercial or industrial 
customer that wants to use it.  

Offer CO2 transportation services by using your existing natural gas transmission 
system with storage and pigging-separation in the short-term. In the long term 
add separate pipelines as demand dictates. 

Eventually (in many decades) natural gas (biomethane) will only be provided to 
stranded consumers, and they will be required to also pay for CO2 sequestration 
service.  

In a century or two, gas industries primary businesses will be (1) transmission of 
various industrial gasses, and (2) transmission of GHG (3) sequestration of GHG 
(4) Hydrogen pipelines for stationary fuel-cells and transportation. 

3.2. Water Utilities 
There will be very little negative impact to water utilities business by GHG mitigation, and 
there will be at least a couple of potential upsides. 

In order to expand forests for sequestration, the best targets are probably federal lands 
that are too arid for conventional agriculture (or forests). Botanists can develop new 
species from the many existing arid-climate species of trees, but these will still require 
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irrigation, albeit using extremely efficient drip irrigation. Water sources will also be 
required for fire-fighting. 

Water utilities should expand into specialized agricultural water distribution to 
include expanding into groundwater management, forest irrigation management 
(including existing forests during draughts), and more general crop irrigation 
management. 

As water shortages continue, more and larger desalinization facilities will be required. At 
some point it will be cost-effective to pipe the saltwater away from the coast and use 
solar desalinization. 

Water utilities should start developing solar desalination technologies and 
building pilot plants. 

3.3. Power Generation 
Electric utilities will need to increase production to supply the most of the transportation 
sector. Ships, long-range aircraft and spacecraft will be fueled by a mixture of high-
efficiency photovoltaic panels and (liquid or gaseous) hydrogen. Most new generation 
will be renewables, with battery energy storage systems (BESS) providing peaking, 
intermittency mitigation and other grid services. Fuel cells and biomethane-fueled 
combined cycle and cogeneration (combined cooling heat and power) with CO2 
sequestration will provide district-heat/cooling and help provide grid security. 

Expand generation as described above. 

Optimize transmission to support renewables and take advantage of BESS. 

In the short-to-medium term all electric generators that burn fossil fuels will start 
sequestering all or nearly all CO2 emissions. 


