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᷉  Start presenting to display the joining instructions on this slide.



How would you best describe your outlook 
today?

᷉  Start presenting to display the poll results on this slide.
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Federal Incentives for Hydrogen
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Pete Wyckoff| Assistant Commissioner
Minnesota Department of Commerce Division of Energy Resources



Minnesota has big climate plans (and big climate LAWS)



The Federal Government is here to help
(honest)
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Minnesota has big climate plans



They Sent Me 
(Until April, I had a different job)

Dr. Pete Wyckoff

Senior Policy Advisor for Energy & Climate

Office of Senator Tina Smith



Inflation
Reduction
Act (IRA)

Infrastructure
Investment & 
JobsAct (IIJA)
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Federal Investments



Infrastructure
Investment & JobsAct (IIJA)

ÅResearch Hubs/ Demonstration Projects ($21.5 billion)

ÅHydrogen, carbon capture, advanced nuclear

Å$8 Billion for Hydrogen Hubs

ÅDƻŀƭΥ ά! ƴŀǘƛƻƴŀƭ ŎƭŜŀƴ ƘȅŘǊƻƎŜƴ ƴŜǘǿƻǊƪ ǘƻ ŦŀŎƛƭƛǘŀǘŜ ŀ 
ŎƭŜŀƴ ƘȅŘǊƻƎŜƴ ŜŎƻƴƻƳȅέ

ÅNote: this is on top of robust hydrogen funding through 
regular appropriationsςmostly through DOE EERE and 
Office of Fossil Energy and Carbon Management
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Minnesota has received hydrogen hub funding
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InflationReduction Act of 2022 (IRA)
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The Biggest Climate Action Law 

Ever

Anywhere in the World 



The IRAΧΦмор ŘƛǎǘƛƴŎǘ ǇǊƻƎǊŀƳǎ ŀƴŘ ǘŀȄ ŎǊŜŘƛǘǎ

Grants = $110 billion (capped)

Clean energy loans ~$500 billion (capped)

Tax Credits ~ $700 billion to $1.2 trillion (uncapped, 

estimated)
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IRA Loans ($500 billion)
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LPO team visited Minnesota in July
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DOE LPO hydrogen
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Tax Credits ($700 Billion -$1.2 Trillion, uncapped)
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The Federal Government has a history of tax credits to 
encourage renewable energy deployment
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Wind Production 
Tax Credit (PTC) 
since 1992

Solar Investment 
Tax Credit (ITC) 
since 2006



Expanded Tax Credits

25

Tax credit provisions incentivize low- & no-carbon electricity

PTC (45Y) and ITC (48E)

Å Existing eligibility for PTC (wind) and ITC (solar) now broadened to allow both to use 
either tax credit 

Å Stand-alone energy storage projects can receive the ITC

Å Expanded: geothermal, fuel cells, biomass, landfill gas, hydropower, combined heat and 
power

Å Electric sector ITC/PTC for available until national emissions are <25% of 2022 emissions



Tax Credits for Industrial Decarb
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Advanced Energy Project Credit (48C)-- 
manufacturing

Clean Hydrogen Tax Credit (45V)ς most lucrative for 
Green Hydrogen

Carbon Capture and Sequestration Tax Credit (45Q)

/ƻƳƛƴƎ ǎƻƻƴΧ /ƭŜŀƴ CǳŜƭ tǊƻŘǳŎǘƛƻƴ ¢ŀȄ /ǊŜŘƛǘς 
SAF and other fuels that can be synthesized from 
hydrogen



The hydrogen tax credit 
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This subsidy is large: up to $374 per ton of CO2 abated
> the social cost of carbon?
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Growing a Hydrogen Economy in Minnesota
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Hydrogen: what role do Minnesotans want it to play?

ÅSocial license?

ÅEnvironmental justice

ÅHealth impact: NOx

ÅIndirect greenhouse gas

ÅImpact of needs for water and renewables
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Clean Hydrogen ςwhat is it good for?

Factors to consider

ÅHydrogen is an inefficient battery ς
direct use of electricity will often be 
superior 

ÅSome uses better than others in 
terms of emission reductions and 
cost

ÅHydrogen can be an important raw 
material (ammonia, urea, SAF, other 
complex hydrocarbons)
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Decarbonizing Minnesota Industry: Steel
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Decarbonizing Minnesota Agriculture: Fertilizer
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Minnesota 100% by 2040, MN Natural Gas Act, EPA Power Plant 
Rule: what role for hydrogen (and related chemicals)?
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Questions?
Fedquestions.commerce@state.mn.us

Or pete.wyckoff@state.mn.us
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Jennifer King, Ph.D.
Research Engineer,
National Renewable Energy 
Laboratory



Industrial Decarbonization Potential 
in MN

Dr. Jen King

December 6, 2023

Jennifer.king@nrel.gov
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Project Goal ςTightly Coupled Systems

Å Vision: Develop reference designs for GW-scale off-grid, tightly-coupled, hybrid 
energy systems purpose-built for green H2 production, in close proximity to or co-
located with industry end uses, that can accelerate the path to decarbonization for 
hard to abate industries.

Team effort (lead noted): 
LBNL ς Hanna Breunig
ANL ς Pingping Sun
SNL ς Myra Blaylock 
ORNL ς Joao Pereira Pinto

NREL contributors ςEvan 
Reznicek, Masha Koleva, Dan 
Rowland, Matt Kotarbinski, 
Elenya Grant, Kaitlin Brunik, 
many others
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Why is this important?

Potential Impact: Time to deployment can be reduced

Integrated H2 (directly coupled wind-H2) provides an accelerated deployment pathway 
and opens up new locations that lack grid infrastructure.  Maximize existing infrastructure.

Co-location of assets can provide cost savings and cross-sector coupling opportunities.
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Industrial decarbonization In more detail

ÅFocused on 4 pillars driven by clean fuels (H2+e-
fuels): green ammonia, green steel, green 
concrete/cement, and clean e-fuels

ÅIndustrial decarbonization requires combination of: 
ÅGreen electrons (renewables)
ÅGeologic storage (lined rock caverns) to store H2

ÅAccess to raw materials, water, iron ore, etc. 
ÅExisting (or emerging delivery) infrastructure or 

location for end-use

ÅNorthern MN (Duluth, Iron Range) has been 
identified as a location for low-cost steel.
ÅIRA tax incentives are a game changer
ÅResults of a community-driven program (C-LEAP)
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MN Has ALL the Key Attributes for 
Decarbonized Industry

Integrated Industrial 
Decarbonization

Heartland Hub

Opportunities for cross-sector 
coupling and co-location
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Minnesota: The Integrated Research Engine for 
Industrial Decarbonization

Community Engagement and Ownership
Understand energy challenges and goals, 
communicate clean energy benefits, and 
prioritize equitable economic opportunities 
and workforce development. 

Analysis, Modeling, Demonstration
Refine analysis with partners, identify cross-
cutting technology opportunities, pinpoint 
implementation barriers, and mitigate risk.

Partnership Coordination
Develop partnerships, facilitate collaboration, 
build and maintain trust, and establish and 
support roles.
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Approach: Four Land-based Locations for Phase I

TEXAS
Å Salt caverns and water stress region 
Å Excellent wind resources

MISSISSIPPI
Å Close to existing demand 
Å Salt caverns

INDIANA
Å Largest steel mill in the U.S. with 8.2 

MMT steel/year capacity
Å No geologic storage 

IOWA
Å Existing ammonia pipeline
Å Close to ammonia and steel demand 

centers
Å No geologic storage

Å Steel and ammonia production are primarily in central U.S. 
Å Selected initial four central locations for analysis, with various attributes 

MINNESOTA
Å Suitable renewables
Å Lined rock caverns; raw materials



48

KeyInsights

#1: MN has been identified as a great location for clean industrial applications
ÅAccess to low-cost renewables, H2 geologic storage, existing infrastructure/raw materials 

#2: IRA policy is a game changer.  Stacking credits: wind PTC, solar ITC, H2 PTC, storage ITC

#3: Co-locating hydrogen production with end-use (e.g. steel) is critical.  
ÅCo-locating renewables is desirable for lowest electricity cost 

#4: Hybrid systems (wind+solar+storage) can substantially drive down costs.  
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Fossil-H2-Steel/Ammonia 
Production (with CCS option) 

Integrated, Off-grid H2 
Production with co-located 

Steel/Ammonia

Clean Electricity to Industrial Production ςUse Cases

Grid Connected H2 
Production co-located 

Steel/Ammonia

1 2 3

Determine the cost savings and potential advantages to off-grid, tightly 
coupled wind-H2-industrial end uses 
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Delivered LCOH in Best Location Analyzed 
Texas, TY 2030

Notes: 

Å Technology year (TY) 2030 corresponds to 

operational year 2035

ÅCCS credit considered for over 12 years

ÅH2/wind PTC applied over 10 years

ÅModel does not account for RECs

Å LCOE for TX 2030

ÅOff-grid: 1.3 cents/kWh with PTC
ÅOn-grid: 8.6 cents/kWh (retail 

rates), 4.1 cents/kWh (wholesale 
rates)

PTC credit considered 
but CCS credit is the 
more lucrative credit 
in the best-case 
scenario

Co-located renewables + electrolyzer backfilled with grid electricity

Dependent on 
electricity price.  This 
plot includes retail 
rates at 8.6 cents/kWh

Off-grid costs less than on-grid: 
Å Reduced electricity costs (retail vs. 

dedicated PPA results in decrease)
Å Dynamic operation of H2 allowed (and 

accounted for in increased replacement 
costs)

Å Low-cost hydrogen storage (salt caverns)

Key Insight: 
IRA can be a significant 

driver for integrated 
LCOH
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Levelized Cost of Steel (LCOS)

Preliminary results for presentation and not to be cited

On-grid and off-grid 
can provide cost 
effective solutions 

Assumptions: 
Å Using publicly available data for costs

Å Annual Technology Baselines from DOE where applicable
Å Electrolyzer costs based on HFTO projections

Å Electricity prices are difficult to forecast and are based on 
a decarbonized grid (retail prices)

Å Current supply chain limitations are not represented 

Å Steel technology of DRI + EAF is modeled 

Å Costs are region specific 

With incentives, costs are driven to be low-cost option.   

With incentives
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Levelized Cost of Hydrogen ςOff-grid

Key Takeaways:
ÅMN can produce low cost hydrogen relative to other locations
Å LCOH is cost competitive with SMR by 2025.   
Å Off-grid indicates that significant transmission build out is not required.
Å IRA makes this possible in the near-term.
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MN Produces Low Levelized Cost of Steel (LCOS)

Key Takeaways:
ÅMN has been identified as a place for low-cost green steel. 
Å Lowest cost hydrogen does not necessarily translate to lowest cost of end use.
Å Cost competitive with SMR (steam methane reform) now.
Å IRA makes this possible in the near-term.

IRA Incentives no longer 
available

Note: Cost projections provided 
by DOE annual technology 
baseline (ATB) for relevant 
technologies and by HFTO for 
hydrogen technologies
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Additional opportunities for Cross-Sector Coupling

ÅWind-to-ammonia systems ς recognized 
global leader in this space 

ÅE-fuels from ethanol plants have immediate 
potential pairing green hydrogen with carbon 
capture, opportunity co-locating with 
cement/concrete and port (demand) 

ÅCement/concrete ς opportunities to co-
locate with other industrial end-uses such as 
steel and/or ammonia as well as access to 
raw materials including lime in the state

ÅSeveral key partners co-located in the state
Cement
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This is the First Step

ÅMN can be leader in industrial 
decarbonization

ÅUrgency and window of opportunity 
ÅEnergy transition is happening now
Å IRA is finite (Approx. 10 years)

ÅMN ALL key components - resources, 
infrastructure, clean electricity, research, 
and industry 

ÅVast economic potential across multiple 
industries and potential for coupling.
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Director, Clean Fuels PMO,
Xcel Energy



XCEL ENERGY & THE HEARTLAND  
HYDROGEN HUB

Mike Jensen| Director, Clean Fuels PMO

December 6, 2023



What use of Hydrogen are you most excited 
for?

᷉  Start presenting to display the poll results on this slide.



Clean Fuels Policy Drivers
Critical to support 2050 Goals

*Spans natural gas supply , distribution and customer use

**Includes the Xcel Energy  f leet; zero-carbon f uel is electricity  or other clean energy





How many Hydrogen Hub concept papers 
were originally submitted to the DOE?

᷉  Start presenting to display the poll results on this slide.



DOE

Negotiations &  
PUC

Approvals

Phase 1

ÅDetailed  
Planning

Phase 2

ÅDevelop, 
Permit,  
Finance

ÅInstall,  
Integrate, 
Construct

ÅRamp-Up  
& Operate

Regional Clean Hydrogen Hubs
Heartland Hydrogen Hub (NSPM) selected for $925M DOE Award

2024 2025 2026 2027 2028 2029 2030+

Phase 3 Phase 4

Heartland Hydrogen Hub Snapshot

Å Utilizes carbon-free Wind, Solar & Nuclear generation in the Upper  
Midwest to produce hydrogen

Å Uses include blending into power generation, existing natural gas  
distribution systems, and other agricultural and industrial applications.

Å HH2H Cost of $5B with $925M DOE

Å Xcel Energy investment of $1.5 to $2.5B with DOE cost share of up to
$565M

Å Provides opportunity for incremental renewables buildout, along with  
significant jobs and other community benefits

Å Partners include Marathon Petroleum, TC Energy and the University of  
North Dakota Energy and Environmental Resource Center (EERC)

Å Hydrogen Hubs represent scale of business investment

Å $8B from 2021 Infrastructure Investment & Jobs Act (IIJA)

Å Xcel Energy partner in two hub applications, one selected  
out of 7 awards and 26 full applications

ïHeartland Hub, NSPM

Å Award negotiations to begin Nov. 2023
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EXPECTED DURATION:  

6-12+ MONTHS



HEARTLAND, LLC, AWARDSTRUCTURE

*The Prairie Horizons Energy  Solutions LLC was Liberty  LLC in the application


