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• 10,600+ professionals in 120+ offices

• Headquarters in Overland Park, 
Kansas, USA

• Employee Stock Ownership Plan structure

• Projects in 100+ countries on six continents

• $3.3 billion in 2021 revenue

Mission: Why we exist
Building a world of difference through innovation in sustainable 
infrastructure

Vision:  What future we aspire to achieve
We work relentlessly to solve humanity’s critical infrastructure challenges

Values:  What we believe and how we behave
Safety | Accountability | Collaboration | Entrepreneurship | Integrity | 
Ownership | Respect
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Hydrogen Energy 
Storage Fundamentals
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Hydrogen Value Chain



Green Hydrogen Energy Storage and Cofiring
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Why Use Hydrogen for Energy Storage?

Advantages
• Decarbonized* fuel for various applications (i.e. FCEV, power generation, Sustainable 

Aviation Fuel, etc.)

• Long term, storable, transportable renewable energy storage

Disadvantages
• Lower round-trip efficiency relative to batteries

• Low density creates challenges for storing large quantities
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Hydrogen Cofiring –
Some Perspective

7



Hydrogen Blend by Volume vs Carbon Reduction
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Current limitations* of large 
frame units in 2022

Current limitations* of 
aero/small frame units in 2022

Future hydrogen capabilities by 
2030

*limited to dry low emissions combustion



Hydrogen Energy Storage Perspective

Aero F-Class H/J-Class

Configuration SC CC CC

Gross Output MW 100 600 1,200

Heat Rate (LHV) btu/kWh 8,500 5,783 5,416

30% Hydrogen Blend by volume

Hydrogen Fuel Consumption kg/hr 855 3,490 6,536

Equivalent Electrolyzer Capacity MW 46 188 353

100% Hydrogen Blend by volume

Hydrogen Fuel Consumption kg/hr 7,478 30,525 57,174

Equivalent Electrolyzer Capacity MW 404 1,648 3,087

Round trip efficiency % 25% 36% 39%

30%

100%
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High Level Fuel Replacement Costs
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$1/kg DOE 
target by 2030 

makes 
hydrogen 

competitive

Low hydrogen pricing and 
high natural gas pricing 
accelerates hydrogen 

adoption as a fuel
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Challenges in Hydrogen 
Cofiring
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Challenges in Hydrogen 
Co-Firing

• Rate of change in Wobbe index and 
associated monitoring equipment

• Design of mixing drum and blending 
skid

• Replacement of combustors, 
including premixing devices
• Flashback
• Fluid dynamics/pressure 

fluctuations
• Combustion stability
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Challenges in Hydrogen 
Co-Firing

• Scope split between manufacturers 
and engineer

• Higher density exhaust gas and air 
quality control implications

• Increased NOx production

• Hazardous gas detection

• Hazardous area classification

• Hydrogen Embrittlement
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Manufacturers have been working diligently to 
resolve these issues and Black & Veatch is at the 

forefront of integration issues associated with 
hydrogen/natural gas blending.
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• Hydrogen piping is typically low strength carbon steel designed for lower operating stress 
(lower pressures or thicker pipe walls)

• Pressure and Temperature Play a big role:  >650psi and 400F

• High strength carbon steels, harder steels, and high stress applications more likely to suffer 
from embrittlement

• Fully welded system preferred; No flanges (or very limited number) 

• Stainless steels are the preferred material as it is slower to embrittle (316 preferred grade)

Hydrogen Embrittlement - Materials

Evaluation of materials interacting with hydrogen should be 
analyzed on a case-by-case basis.
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Design Considerations 
in Hydrogen Cofiring
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Scope of Hydrogen Cofiring Retrofits

Blending On-site

• Hydrogen Off-take & Blending Skid
• Controlled off take and blending to maintain 

wobbe index limits

• Monitoring Equipment and Piping 
Retrofits
• Equipment monitoring blend rates

• Turbine Retrofits Required
• Combustor modifications

• Fuel delivery piping swap-outs

• Turbine enclosure safety

Defining the scope and goals of 
hydrogen cofiring is important!
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Delivery of Blended Fuel

• Fuel gas compression modifications

• Monitoring Equipment and Piping 
Retrofits
• Equipment monitoring blend rates

• Turbine Retrofits Required
• Combustor modifications

• Fuel delivery piping swap-outs

• Turbine enclosure safety

• Startup implications



Supply of Hydrogen

Hydrogen Delivery

• Dedicated hydrogen pipelines possible 
from local hydrogen hubs
• Inflation Reduction Act (IRA) and Bipartisan 

Infrastructure Law (BIL) incentives

• Blended hydrogen and natural gas 
delivery possible, though likely at low 
levels (<15%) to start from gas suppliers

• Tube trailer and LH2 deliveries possible 
for short term demonstration purposes 
only
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Co-located Production

• Electrolyzer/SMR collocation will require 
substantial space

• Acquiring RECs/VPPA to allow for “green” 
hydrogen production or carbon capture 
with sequestration for “blue” hydrogen 
production will be necessary to qualify as 
decarbonizing the thermal asset

• Storage sizing is usually the biggest 
hinderance with 12+ hours of storage 
becoming very expensive, unless 
geophysical storage available

Low-cost hydrogen supply is the key constraint for 
most hydrogen cofiring projects
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Conclusions
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• Low-cost, abundant, low-carbon intensity hydrogen fuel is the key constraint 
for current cofiring capabilities
• Government policies and incentives like IRA and BIL can expedite this process

• Dedicated hydrogen pipelines or pre-blended hydrogen and natural gas 
pipelines are required for steady state hydrogen cofiring

• Gas turbine manufacturers and third parties are steadily increasing hydrogen 
cofiring capabilities with 100% targets by 2030 using dry combustion systems

• Scope, cost and limitations are dependent on a variety of factors that need to 
be investigated on a case-by-case basis

Conclusions

Low-cost hydrogen and high-cost natural gas prices make hydrogen cofiring economical. 
Hydrogen volumes required for power generation are substantial.



Discussion
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Contact Us

+1 913 458 8015

DistlerJ@bv.com
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