Hydrogen 2021:
The Path to Net Zero
Becomes Clearer

Hydrogen’s Way
Forward
If investor enthusiasm alone could determine the
future of hydrogen power, the past two decades
would have seen the widespread adoption of
zero-carbon hydrogen energy technologies.
However, many of the technological and financial
challenges that stalled early hydrogen efforts
are now informing innovative approaches to
launching the new energy economy. From
government policies and incentives to advances
in technology and infrastructure, enabling an
affordable transition to hydrogen energy is a
pillar of achieving global decarbonization efforts.
Developments over the past year have raised
expectations, accelerating action towards
achieving net-zero emissions. The European
Union’s Hydrogen Strategy, released in July
2020, introduces support for low- or no-carbon
hydrogen energy sources at scale. The strategy
has been echoed by countries such as China,
Korea and Japan – the world’s largest importers
of liquified natural gas (LNG). More recently
in the U.S., the Biden Administration, which
rejoined the Paris Climate Accords and has

signaled a dramatic overhaul of U.S. energy
policy, announced it would roll out US$160
million in federal funding for hydrogen to
develop technologies for the production,
transport, storage and utilization of hydrogen.
Clean-burning and energy-dense, hydrogen can
be a gateway to decarbonizing the world’s energy
systems, supply chains and heavy industries.
In these critical, energy-intensive industries,
hydrogen provides the clearest pathway to costcompetitive carbon emissions reductions where
reliability, resilience and performance cannot be
compromised and could provide an alternative
to electric battery technologies.
2020 also underlined the commitment of
big business to decarbonization and energy
sustainability. From the largest producers of
energy and power to those pursuing advances
in technology, healthcare and agriculture,
many of the world’s largest and most influential
organizations declared bold and ambitious
environmental and sustainability targets.

Resilience

Hydrogen provides
a pathway to costcompetitive carbon
emissions reductions
where reliability,
resilience and
performance cannot
be compromised.

Reliability
Performance
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2020 Snapshot
US$500 billion: committed
to decarbonization (up 9%)
[Bloomberg New Energy Finance]

15 countries: launched major
hydrogen plans and policies
35 GW: new projects announced
by major industry players until
through this decade

60%: potential fall in cost of
low-carbon and/or renewable
hydrogen production this
decade due to declining costs
of renewables, scaling up of
electrolyzer manufacturing,
and development of lower-cost
carbon storage facilities

US$14 billion: projected market
capital size of FCEV by 2026
[Global Market Insights]

[Hydrogen Council]

US$1 trillion: cumulative total
of green debt capital market
between 2015 and 2020, raising
record US$269.5 billion in 2020

70%: share of the largest U.S.
electric and gas utilities with netzero emissions or equivalent
targets as of end of 2020

[Climate Bonds Initiative]

[S&P Global Market Intelligence]

Hydrogen production costs by production source, 2018

Hydrogen production in millions/tonnes
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Hydrogen Color
Palette
Grey
Steam reforming
of natural gas into
hydrogen and CO2
Direct atmospheric
CO2 emissions

Blue
Steam reforming
of natural gas into
hydrogen and CO2

Green
Renewable energy
powered electrolysis
of water to create
hydrogen and O2
Zero emissions

CO2 Captured, stored
and/or reused
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Hydrogen in
Action
To truly decarbonize the world’s economies,
powerful words must be met with powerful
action. Foundational technologies and supply
chains that have propelled the global economy
for more than a century must be reimagined and
reconfigured. Enabling the hydrogen economy
will require large-scale deployment of renewable
energy resources to power electrolyzers that
create green hydrogen that will serve as fuel for
power generation and fuel cells.
As these assets scale, decarbonization
will require making use of existing lowercarbon resources. With this in mind, “blue
hydrogen”, produced from natural gas with
carbon capture, harnesses existing largescale infrastructure assets and will speed
deployment of hydrogen for transportation,
chemical and fertilizer production, as well as
power generation and energy storage. Then
hydrogen can realize its potential as a baseload
fuel for a carbon-free economy.
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For this effort, the development and
deployment of solar photovoltaic and
offshore wind assets provide a precedent.
According to Scaling Up, a Hydrogen
Council report, the world will demand
21,800 terawatt-hours of hydrogen in
the year 2050. This is roughly equivalent
to the power required to run 200 million
Nissan Leafs each year with a 110kW electric
motor. To meet this demand, deployment
of electrolyzers and carbon capture storage
solutions will require a compound growth rate
of 30 to 35 percent. Such a target mirrors the
growth rate of the offshore wind and solar PV
industry over the last decade.

Power
Generation
Transport:
Land, Air and
Sea
Residential
and Industrial
Heating

Top Uses of Hydrogen

5

Green Chemicals

Energy Storage
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Hydrogen: Reliability as a Service
Renewable energy has
transformed how the world
produces and consumes
power, and it will continue to
grow its share of the global
power generation portfolio.
This growth has enabled
renewables to perform better
than fossil fuels on a costper-megawatt-of-production
basis, which has accelerated
its adoption in a sector where,
historically, cost is the ultimate
driver of capital prioritization.

Increasingly, power reliability
matters. For example, alwayson data center providers,
or other industrial and
manufacturing sectors
like semiconductors or
pharmaceuticals where
downtime can have serious
impacts on business
operations, represent
markets that will pay for
“reliability,” or what could be
conceived in simple terms as
a pre-paid back-up service.

However, large-scale adoption
of wind and solar, with their
inherent variability and
seasonality, will require
utilities faced with reliability
mandates and industry
requiring always-on, alwaysconsistent power to seek
additional solutions
for achieving
decarbonization.

Lessons from California’s
blackout in 2020 – a state
with significant renewable
generation – point to the
importance of storage and
alternative low-carbon
baseload electricity for
resilient grid operations.
What was missing
during this blackout
was sufficient,
flexible supplies of
electricity that could
be brought online quickly to
meet quick surges in demand.
If structured and priced
appropriately, hydrogen-based
systems could emerge as a
complementary solution to
renewables, where reliability
pricing services could be
developed. The near collapse
of the grid in Texas in early
2021 also may demonstrate
where hydrogen can play a key
role in mitigating instability in
the future.

Hydrogen has the
potential to play an important
role in providing customers
with stable and reliable
energy with low- or no-carbon
footprint. Integrated into
the new electric generation
systems, such as gas turbine
generation, or as a storage
medium for renewable energy
where lithium ion does not
provide extended storage
capacity, hydrogen systems
could warrant a “green
premium” for guaranteed
carbon-free reliability.

Successfully creating the
hydrogen economy is not
without challenges, however,
as extensive infrastructure
will be required to ensure
that hydrogen can be purified,
stored and used in a safe and
economic manner.
While full predictions of
a hydrogen economy are
premature, there are already
strong signals of hydrogen’s
growing application across
electricity generation and
storage, heating, vehicle
charging and as a replacement
for fossil fuels in the chemical
industry. Ammonia – a
promising technology that
is more energy dense than
hydrogen and incredibly
stable – could complement or
replace LNG in the future as
an easily accessible form of
hydrogen energy suitable for
storage and shipment.
Momentum is in hydrogen’s
favor. Central to the effort
will be scaling up hydrogen
production and creating
infrastructure ecosystems
throughout the hydrogen
value chain. Black & Veatch’s
experience working with and
pioneering hydrogen fueling
infrastructure, ammonia and
green chemical production,
and hydrogen power
generation in recent years
proves the technical feasibility
of a hydrogen economy.
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3 Ways Hydrogen Can Transition Our
Economy Away from Carbon
1. Green Hydrogen Power
Generation at Gas-Fired
Facilities
As electric utilities continue to reduce their
reliance on baseload coal-fired generation
plants, increased use of natural gas-fired
assets and the addition of renewable resources
will move the industry toward its aggressive
decarbonization goals. As of mid-2020, 13
of the 30 largest publicly traded electric and
gas utilities in the U.S. have already declared
net-zero greenhouse gas emissions targets
or committed to achieve 100-percent clean
electricity, with new or more aggressive
commitments announced each month.
According to Black & Veatch’s 2020 Strategic
Directions: Electric Report, which surveyed
hundreds of U.S. electric industry leaders,
hydrogen is being actively considered across
a number of power generation options.
Forty-three percent of respondents said they
would consider hydrogen for fuel cell storage.
Additionally, roughly one-quarter cited the gas’
potential use for transportation fuel for fleets
or as an option for peak generation.
Though in the earliest stages of development,
this latter option offers one of hydrogen’s most
compelling market opportunities.

Hydrogen: Reliability, Resilience and Lower
Carbon Emissions
Blended as a component of the fuel mix in
gas-powered turbines, hydrogen can have
an immediate impact on lowering carbon
emissions. Current natural gas turbine
technology can support hydrogen as part of
their fuel mix at levels approaching 25 percent.
As green hydrogen production increases, it
presents a compelling mix of reliability and netzero operations that will close the remaining
carbon gap as coal assets are retired.
In the U.S., two hydrogen-capable projects –
the Long Ridge Energy Terminal, a 485-MW
combined-cycle natural gas project in Ohio, and
the Intermountain Power Project (IPP) Renewal
Project, an 840-MW combined-cycle gas facility
in Utah – began developing hydrogen-capable
generation facilities in 2020.
The IPA project is expected to be commercially
guaranteed of supporting a blend of 30-percent
green hydrogen (hydrogen produced via the
electrolysis of water) at start-up, with plans to
transition to pure hydrogen by 2045. Long Ridge
will begin operation with a 5-percent hydrogen
blend in 2021 with plans to scale to full hydrogen
fuel within a decade. This makes IPA and Long
Ridge among the earliest large-scale users of
combustion turbine technology designed to use
a high percentage of green hydrogen.

Hydrogen could be stored in a tank
or cavern before being funneled
into a fuel cell or used to create
electricity.
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NextEra Energy – one of the world’s largest
utilities – also is making moves by devoting $65
million to a proposed Florida Power & Light pilot
effort to use solar energy that otherwise would
have been clipped to produce green hydrogen
through a roughly 20-MW electrolysis system.
Subject to approval by Florida regulators, the
plan is to use the hydrogen by 2023 to replace
a portion of the natural gas being consumed
by one of the three Okeechobee Clean Energy
Center gas turbines.
Overcoming Barriers
Although hydrogen technology is progressing,
challenges remain on the technical side.
Embrittlement, caused by the absorption of
hydrogen molecules into metal, can imperil the
structural integrity of storage and transport
tanks. However, new technologies around
advanced coatings and compounds indicate
embrittlement can be overcome, paving
the way for 100-percent hydrogen baseload
power options. Another factor is the current
high cost of promising technologies such as
proton exchange membrane electrolysis, a new
technology that is advantageous over existing
technologies given its higher rates of hydrogen
production, greater energy efficiency and more
compact footprint.

Hydrogen for Heating.
Compared to injecting hydrogen into the
gas transmission grid for power combustion,
hydrogen uses in existing gas distribution grids
is more advanced. According to the International
Energy Agency, blending hydrogen up to 20
percent on a volumetric basis into the gas grid
requires minimal or potentially no modifications
to grid infrastructure or to domestic end-user
appliances. Hydrogen has been blended into the
natural gas grid in France since 2018, beginning
at 6 percent and reaching 20 percent on a
volumetric basis in 2019; such projects show
the technical feasibility of hydrogen for domestic
heating in cold climates.

20%

Hydrogen and
natural gas blend
grid use in France.

6%

2018 2019
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2. Hydrogen Fuel for Heavy Transport
and Commercial Use
Hydrogen fuel cell electric vehicles (FCEVs) are
gaining traction, particularly for commercial use.
With the same battery train as an electric vehicle,
FCEVs use hydrogen to produce electricity in
addition to the battery. Benefits such as fast
refueling time, long-range performance and
lighter weight make FCEVs an attractive zeroemission option.
Mostly powered by diesel, heavy-duty vehicles
emit high levels of particulates, nitrogen oxides
and other pollutants. Freight vehicles, given
their mileage and fuel consumption, tend to
be the highest contributors to greenhouse gas
emissions and pollution at street level. Commercial
applications also include hydrogen fuel cell electric
buses and railways; and machinery and materials
handling equipment, such as forklift trucks
and high-torque construction and excavation
equipment for mining or other specialized uses.
Cost to build the infrastructure will remain a
challenge, but perhaps less so for long-haul
freight vehicles, given that they have more
predictable and standardized routes than
consumer passenger vehicles. Expanded
hydrogen fueling infrastructure development
will depend on supportive government policies
and incentives.

Black & Veatch works with industry-leading
companies to expand fueling networks, meet
market demand, and advance clean transit
and transport. We have deployed more than
25 hydrogen stations for light-duty vehicle
application in California and the northeastern
U.S. These projects represent the first stage of
a comprehensive program for constructing a
statewide hydrogen fuel network in the U.S.
Global interest also continues to grow. For
example, Korea’s 2019 Hydrogen Economy
Roadmap targets FCEV passenger car production
capacity of 6.2 million and the deployment of
40,000 FC buses, 30,000 FC trucks and 1,200
HRSs by 2040. China restructured its central
subsidy policy in 2020, incentivizing cities to
develop hydrogen demonstration initiatives,
and a number of major cities are in the middle
of deploying commercial FC buses, including
Nanjing, Zhengzhou, and Beijing; the Beijing
program is being prepared in time for the
2022 Winter Olympics when the torch will be
symbolically lit using hydrogen. FC buses also
are receiving particular attention throughout
Europe, with 11 new cities set to begin operating
hydrogen powered buses in 2021 as part of
the Joint Initiative for hydrogen Vehicles across
Europe (JIVE) project.
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At the end of 2020, the California Energy Commission announced that it would
more than double its investment in the state’s fueling stations, with plans to invest
up to US$115 million and build more than 100 new hydrogen fueling stations by
2027. China isn’t far behind, with plans to put in place 300 hydrogen refueling
stations by 2025 and 1,000 by 2030. This all comes as Tokyo’s governor designates
hydrogen as the “energy star” of the 2020 Olympics (currently rescheduled for 2021
due to COVID-19), where the Olympic Village will be 100-percent equipped with fuel
cell vehicles.
For many organizations, transitioning to a clean fleet can be an easy win toward
decarbonization goals since, in many cases, the total cost of ownership for zeroemission vehicles are increasingly comparable to internal combustion engine
counterparts. With leading auto and machinery manufacturers creating new
models of fuel-cell electric vehicles and work equipment, hydrogen has become
a viable clean-fuel option, and increased adoption will help create additional
economies of scale.
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3. Green Ammonia for
Energy and Other Green
Chemical Production
Ammonia is a high-value chemical produced
today, best known for its traditional role in
fertilizer production and other industrial
applications. As our world moves toward lowcarbon energy sources, ammonia continues to
offer value to the industries previously served
and as a low-carbon fuel source and an energydense hydrogen carrier.
Composed of one part nitrogen and three parts
hydrogen, ammonia is incredibly stable and
can be easily liquified for storage and shipment
around the globe in the same fashion as liquefied
natural gas (LNG). Not only does this make
ammonia easier to store, ship and distribute than
elemental hydrogen, but these characteristics
also make it an attractive option for hydrogen
storage. Hydrogen can be challenging to
transport at scale, given its low volumetric energy
density and extremely low boiling point. But
ammonia offers several desirable characteristics
as a hydrogen carrier: it can be liquefied under
mild conditions and it is more energy dense than
hydrogen, which means that more hydrogen can
be stored in liquid ammonia compared to liquid
hydrogen with the same volume.
Given ammonia’s chemical properties, existing
LNG infrastructure can be modified to facilitate
the safe, efficient transport of ammonia. With
extensive global infrastructure already in place,
LNG receiving terminals and storage facilities
can be modified to handle ammonia, helping to
enable the global energy trade.

Hybrid facilities that mix both
green and blue technologies
could pave the way to large-scale
adoption of electrolysis processes
and help drive down the cost of
technology over time.

According to the 2020 International Gas Union
(IGU) World LNG Report, worldwide storage tank
capacity for LNG has grown to 65 million cubic
meters (m3), with two-thirds of that capacity
housed in Japan, Korea and China. As such, LNG
and gas-power plant owners and developers
would be well-served to begin preparing now
for their LNG receiving terminals to become
ammonia-ready, and to receive liquefied
ammonia when needed as renewable energy
production continues to increase.
Ammonia has long been produced for industrial
and agricultural purposes, and proven methods
of storing and transporting liquefied ammonia
at scale are available. Plus, ammonia doesn’t
contain carbon and thus will not release CO2
when used in gas turbines or in fuel-cell systems
where it can provide high power density. Even
more promising, electrolysis and renewable
energy sources can create hydrogen for
ammonia production as an alternative to the
hydrocarbon process.
But in the short- to medium-term, it looks
more likely that regulations will encourage
the production of “blue hydrogen” or “blue
ammonia” using the cost-effective steam
methane reforming (SMR) production process
where the SMR process is paired with additional
carbon capture, sequestration and utilization.
Interest in substituting low-carbon for highcarbon hydrogen is growing in the chemical and
refining sectors.
Some large projects, such as Shell’s Quest project,
already are applying carbon capture to fossilbased hydrogen production in both sectors. Such
applications help reduce the carbon footprint
of the historically challenging chemical industry
while also creating a pathway to more pervasive
decarbonization — a win-win solution.
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To Learn More
For more information visit bv.com/hydrogen
Black & Veatch is an active industry advocate for the hydrogen economy including
membership of the Hydrogen Council, Fuel Cell Hydrogen & Energy Association, California
Hydrogen Business Council, Center for Hydrogen Safety, and Ammonia Energy Association.
HYDROGEN TAKES CENTER STAGE IN 2021

Know what’s happening
now, directly from Black &
Veatch thought leadership.
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SECTION, CTA, SOCIAL MEDIA PLUG OR HEADLINE BUT NOT ALL

