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Green hydrogen and the prospect of insurance

Introduction
With the technological advancement and industrial development across the world, 
there is an increasing need to find a clean, stable, energy source that is safe for 
society, and at reasonable cost. The 20th century saw the continued maturation of a 
global supply chain for oil and natural gas, and extensive transition from coal for 
generating power. There is a growing concern that the exhaust gases from burning 
fuels may be harmful to the earth’s climate.

Alternative sources of energy have been studied extensively, but there are tradeoffs 
compared to existing technologies. This paper will explore the prospect of hydrogen 
for a new energy future.

Carbon dioxide emissions
It is important to keep in mind that energy can be in several forms. The two most 
commonly recognized forms are heat and electricity. For a traditional power plant, 
automobile, or airplane, fuel is mixed with air, and then it is burned in a combustion 
engine. That engine then turns, which allows the machine to generate electricity, 
heat, or the mechanical power needed to push a vehicle down the road, or in the case 
of ships, through the ocean. The exhaust from the vehicles, power plants, or boilers 
contain many components, the two most critical being carbon dioxide and nitric 
oxide. Notwithstanding the theory of manmade climate change, carbon dioxide is 
relatively benign. Nitric oxide or “NOX” is the gas that causes “smog” and when 
significant quantities of sulfur are present in the fuel, “acid rain” can also develop 
from exhaust gases.

The theory of man-made climate change originates with carbon dioxide. The 
combustion of hydrocarbons (such as petroleum and natural gas) creates the 
byproduct carbon dioxide, which is considered to cause a phenomena on the earth 
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known as the greenhouse effect. The theory concludes that in order to reduce the greenhouse effect, man-made production 
of carbon dioxide needs to be reduced, eliminated, or stored in some fashion.

The reduction or outright elimination of carbon dioxide is a daunting task. Modern society relies on petroleum, coal, and 
natural gas to maintain the advanced standard of living that we experience daily. Significant advancement has been realized 
with the exploration of electric cars, and the development of wind and solar power. 

One of the main tenets of environmental preservation is reducing the amount of fuel burned. This has been carried out 
mostly through legislation such as the Clean Air Act, through automobile fuel efficiency standards, and by enforced 
emissions testing of vehicles and industrial facilities. Working to reduce the fuel burned can help slow the production of 
carbon dioxide, but when the world population continues to grow exponentially, the results have a diminishing return.

Natural gas — an interim solution
Natural gas, which is composed of mostly methane, has emerged as an interim fuel solution for the foreseeable decades. 
The early part of the 21st century has seen tremendous development in natural gas infrastructure and production. Years of 
offshore gas exploration and production has realized vast quantities of gas, and this is being distributed globally. Projects 
such as the Gorgon and Wheatstone projects offshore Australia, as well as the Alaska LNG, Rovuma, Nord Stream, Dangote, 
and Leviathan projects have proven gas to be a remarkably abundant and inexpensive source of energy for much of the 
developed world.

Automobiles and many homes and businesses are capable of using natural gas with very little modification. Some bus 
fleets, utilities, and civic organizations already use compressed natural gas in their vehicles, and gas pipelines are being 
continually expanded and upgraded in cities and suburban areas. Gas has proven to be safe, reliable, clean, and inexpensive 
to operate and transport. Compressed natural gas vehicles have reasonable tankage capacities, can be refueled quickly, and 
have the added benefit of mechanical longevity when compared to traditional gasoline and diesel vehicles. Homes and 
businesses burning natural gas realize significant cost savings burning gas as opposed to petroleum or biomass such as 
wood. With such an abundance of natural gas, it is likely that gas will remain the backbone in any energy transition. 

Returning to the theory of man-made climate change, the trouble with the emerging natural gas model is that it still relies on 
the combustion of gas, which creates carbon dioxide. There are few known ways to completely eliminate carbon dioxide, 
although some experimental technologies are currently being explored. Some ventures include direct air capture using large 
scale plants to capture and remove carbon dioxide from the air, convert it to a pellet-like substance, and then bury it 
underground. Other methods include carbon capture and enhanced oil recovery methods. Simply, carbon capture and 
enhanced oil recovery is a process whereby produced carbon dioxide is captured and then pumped down into underground 
oil wells or salt caverns. Oil majors proved this method in the 1990s, with one such example being the Sleipner Vest offshore 
gas field in the Norwegian North Sea.

The demand case for hydrogen
Hydrogen is a lightweight, colorless gas. It is found in hydrocarbons such as natural gas (CH4) as well as in water (H2O). 
Hydrogen is produced today for the production of ammonia, fertilizer, and many of the components needed for plastics. 
Refineries and ammonia plants already use this gas regularly, and the technology is proven. Stationary fuel cells can also be 
powered by hydrogen, and used to generate electricity and heat. Early adopters could include large urban consumers such 
as hospitals and manufacturing facilities. 

Hydrogen may also be an alternative to electric vehicles. General Motors (GM) is credited with building the first fuel-cell 
powered road vehicle in the 1960s, and other prototype vehicles have been built by several of the major automobile 
manufacturers, including — Ford, Honda, Hyundai, Nissan, and Toyota. Fuel cells can be used to power electric vehicles. 
There is just one challenge: fuel cells need a very pure source of fuel: hydrogen. In order to make it practical for vehicles, 
hydrogen needs to be compressed and stored at high pressures, typically around 5,000psi/350bar. The technology for the 
compression and storage of gas at these pressures is already commercially available, and the machinery and tanks are 
nearly identical to those used in compressed natural gas vehicles. When coupled with the appropriate fuel cell in a vehicle, a 
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Electrolysis
The simple process of electrolysis involves electricity, salt 
water, and electricity. It is frequently demonstrated in 
chemistry labs and is sometimes referred to as “Brown’s 
gas.” Two metallic rods, one cathode, and one anode, are 
immersed in the water, and electricity is transmitted 
between the two. This process causes the hydrogen and 
oxygen to split from the water, creating hydrogen gas, 
oxygen gas, and a brine. The hydrogen can then be 
captured, compressed, and transported via pipeline  
to offtakers.

hydrogen vehicle could be a very viable option. Hydrogen-powered cars can be promptly refueled, and would not have the 
inherent drawbacks of battery vehicles.

Major manufacturers of jet engines and combustion gas turbines are exploring the prospect of hydrogen-fueled engines. At 
present, stationary combustion gas turbines have been tested and are capable of reliably burning a mix of approximately 
50% hydrogen and 50% natural gas using both air and oxygen. With additional research and design modifications, 
manufacturers may be able to realize a combustion gas turbine fueled by nearly 100% hydrogen. 

How to make hydrogen
The two most practical ways to make hydrogen are electrolysis and steam methane reforming. 

Steam methane reforming
Steam methane reforming is a process used daily in 
ammonia plants, refineries, and other chemical facilities. 
The process of steam methane reforming is complicated. 
First, natural gas (methane) is added to the system. Next, 
two units of water are added to the system in the form of 
steam, and additional heat is added to the system, often 
through the combustion of natural gas. Using a high-
temperature catalyst, the output of this process is called 
syngas, which is a mixture of hydrogen and carbon 
monoxide. Additional processes are then used to maximize 
the efficiency and purity of the hydrogen. The output of 
steam methane reforming is hydrogen and carbon dioxide. 

The colors of hydrogen
Hydrogen is a colorless gas, which can make the concept of “colors” confusing. Evaluating the production of hydrogen as a 
system, or in other words a series of inputs and outputs, several different methods of hydrogen production can be realized. 
For what appears to be a marketing tactic, three basic colors of hydrogen have emerged: green, blue, and brown.

What is “green hydrogen?”
Green hydrogen is the development of hydrogen gas using a “green” or environmentally friendly, renewable power source. 
To make green hydrogen, a water source is needed. Next the water is put into an electrolysis system, and the power 
generated from the solar power or wind turbine is used to create hydrogen. The oxygen atoms and hydrogen atoms split 
from each other and the gases are separated. The hydrogen can then be compressed and transported to where it will be 
used as a fuel. The oxygen too can be used for another commercial use or vented to the atmosphere. Finally, the residual 
brine salts will need to be disposed of, which would likely consist of returning it to the water source. A diagram of this 
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Blue hydrogen has several advantages. First, natural gas supplies are a very predictable and reliable source of energy. This 
has the benefit of being able to consistently run a facility 365 days per year. This is critical in handling the base-load of a 
future hydrogen infrastructure. The second advantage of steam methane reforming is that it allows for a much more 
economical method of producing hydrogen. Finally, a depleted oil well is the perfect place to store the carbon dioxide from 
this process. Carbon dioxide is already used in enhanced oil recovery, and it has the ability to maximize the viability of wells. 

There is one derivative to blue hydrogen: grey hydrogen. Grey hydrogen is a model that completely matches the blue 
hydrogen model, except instead of capturing and storing the carbon dioxide, it is vented to the atmosphere. Such a  
model may be useful in early development of hydrogen plants, or in places where it is not practical to capture or store  
carbon dioxide.

What is “brown hydrogen?”
Brown hydrogen is a concept whereby coal is used to produce hydrogen through a process called coal gasification. This 
process is well proven and was used as an early source of gas for street lighting. Brown hydrogen starts with a reliable 
source of coal. The coal is burned in a coal-fired power plant, and this process is used to provide heat and power to the coal 
gasification process. Coal gasification requires additional units of coal, as well as air and water. Besides hydrogen, the 
byproducts of this process are carbon dioxide and other contaminants. The prospect of capturing and storing the exhaust 
gases underground makes this process look similar to blue hydrogen. The process is outlined in the following diagram: 

process is illustrated below. The hydrogen produced is pictured as a fuel cell car, where the exhaust from the vehicle would 
be water vapor.

“Green hydrogen” can appear attractive for several reasons. First, it provides the prospect of converting wind and solar 
energy into another useful form of energy: hydrogen. Second, and more importantly, it offers the prospect of energy storage 
that has the potential to be more efficient than batteries. One of the major drawbacks with wind and solar is that they are 
cyclical. On a windy day, a wind generator may produce more power than can be absorbed by the electrical grid, and 
produces very little power on less windy days. The same goes for solar energy. Solar panels produce energy only during the 
daytime, leaving a gap during the darker parts of the day. The prospect of being able to convert the energy into hydrogen, 
and then store the hydrogen, may allow the stored hydrogen to serve as a buffer to provide energy to fuel cells during all 
hours of the year.

What is “blue hydrogen?”
Blue hydrogen is a process that produces hydrogen using natural gas. In this process, three things are needed: a natural gas 
well, a water source, and a place to capture and store carbon dioxide. The process works as follows: First, natural gas is 
produced through already abundant and proven gas reserves. The gas is delivered, via pipeline, to a natural-gas-fired power 
plant, and it is used to generate electricity and steam in what is called combined heat and power. The power plant is used  
to provide the energy needed to run a steam methane reforming process where the byproducts are carbon dioxide and 
hydrogen. Finally, the power plant and steam methane reforming facility capture the carbon dioxide and return it to a place 
where it can be stored. The following diagram depicts how a blue hydrogen process could work:
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Brown Hydrogen has several key advantages. First, it creates an alternative opportunity for the use of coal. A brown 
hydrogen process has the advantage of keeping the coal mining and transportation industries active. Second, it creates the 
opportunity to produce hydrogen in places where natural gas wells and/or natural gas infrastructure may not be available. 
Finally, coal is a very abundant and inexpensive source of energy, and with the addition of carbon capture, brown hydrogen 
may also be a good option.

The challenges of hydrogen
In theory, hydrogen has potential. The production of hydrogen is already done daily in ammonia plants and refineries, and 
most of the technology is proven. The major issues with this alternative are the viability of scale, the associated economics, 
and resistance to change (NIMBY – Not In My Back Yard). 

A hydrogen-powered vehicle, or a stationary fuel-cell is of little use if there is not an inexpensive and abundant source of 
hydrogen, and the infrastructure (pipelines and fueling stations) needed to make the vehicle viable. Hydrogen fuel cells will 
need to be in-demand in order to realize any economies of scale. Further, standardization and codes will need to be 
developed to ensure fuel cells, hydrogen-related equipment, and infrastructure can work together. One comparison is the 
challenging rollout of 5G communications. Wireless carriers have the ability to simply swap-out many of their cellular 
systems with newer technology, and consumers bear the switching costs for the prospect of better cell phone performance. 
Some carriers have already been rolling out 5G in certain areas, despite there being competing standards and little industry 
alignment. Returning to the development of a hydrogen economy, pipeline standards and equipment standards will need to 
be developed early. Such a transition will be far more disruptive to the populace than upgrading a cell phone.

There is also the extraordinary capital cost of building the hydrogen plants, and the various power plants and supply chains 
for same. Another question is where these facilities will be built. The “NIMBY” or “not in my backyard” philosophy is quite 
prevalent in the development of wind turbines and solar farms. One can only ask how friendly the populace will be with the 
development of and the various expenses associated with developing the hydrogen production facilities. 

Hydrogen pipelines will need to be built, and at significant capital cost. Key offtakers will need to be identified, and the 
pipelines will need to be planned and built. Ideally, to maximize the economics, the pipelines should be installed to serve 
densely populated areas. The cost of installing infrastructure in established cities such as New York or Miami may prove  
too costly. Rural areas would likely not have the population density to warrant the significant capital cost of the pipeline. 
Therefore, it is more likely that pipeline infrastructure would be developed in places with urban sprawl, and existing rights  
of way. In densely populated areas, hydrogen infrastructure and potential fueling stations would likely mimic how liquid 
fuels are currently delivered. 
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How hydrogen affects insurance
The prospect of a hydrogen economy can bring out new changes and risks for insurance. First, with respect to any new 
occupancy or class of machinery, there will be little loss data available, and the reliability of the equipment or fuel cell will be 
unknown. Research will need to be conducted into what materials will be best for handling hydrogen, as well as the impacts 
of hydrogen on the reliability of machinery.

Hydrogen production facilities will likely carry their own new risks. Risks of fire and explosion will always be present, similar 
to refineries, but new risks may emerge such as pollution. If hydrogen were to “leak,” would that be considered pollution? If 
there were a failure of the carbon-capture system, and the plant had to vent carbon dioxide to the atmosphere, would that be 
considered pollution? Would equipment used in the hydrogen plant be considered hazardous waste needing a new method 
of processing?

As discussed in the previous section, the transportation of hydrogen will also bring about new challenges on both a large 
and small scale. In many cases, it may be prudent to transport the hydrogen by ship or barge, which would create the need 
to develop new terminals, infrastructure, and methods for safely transporting an explosive gas. 

Pipelines will be of significant concern. Will there be a dual infrastructure: existing natural gas lines and hydrogen lines 
side-by side, or will old lines be repurposed? Each of these cases add risk. Reusing old lines in a new way may not be  
as safe as laying new pipe. Also, reusing existing rights of way may increase additional sources of risk to pipelines laying 
side-by-side.

Finally, it will be important for underwriters to identify projects or occupancies where hydrogen prototypes and other 
experimental technologies are being tested, so as to appropriately quantify and limit exposure.

Conclusion
As of 2021, in theory, hydrogen has some merit, but as with any new technology, it is unlikely to move forward in the 
foreseeable future. Significant cultural changes (i.e., NIMBY) would need to take place, and central planning for the 
infrastructure, hydrogen production, and distribution, in order to realize such an economy. 

Unprecedented capital would be needed to build the infrastructure, and such an undertaking might even require a 
nationalized method of funding the projects. Presently, much simpler high-speed rail projects such as the California High 
Speed Rail prospect are struggling under the stress of existing regulations, project delays, and deteriorating public support, 
and it is unlikely that the project will realize a single route by the end of the decade.

Using hydrogen as a direct fuel source is an unlikely occurrence. However, there is one possible model which could prove 
reasonable: green hydrogen. If the economics were made more attractive, whether by mandate, subsidy, or tax, using the 
process of green hydrogen to store energy during periods of high wind or solar production, and then using the hydrogen to 
generate power during periods of reduced production could prove to be a viable prospect. Such a project would need to be 
in a remote area with low population (NIMBY) and a large density of wind productive turbines.

At present, major capital projects take a decade or more to plan, and would only proceed with construction when the 
regulatory and economic environment exists to proceed. This sets the prospect of realizing an economically viable hydrogen 
project decades out.


