
Economic Analysis of Bulk 
Hydrogen Storage for 

Renewable Utility Applications
Susan M. Schoenung

susan.schoenung@sbcglobal.net
Longitude 122 West, Inc.

10 May 2011
Project ID #
MT009

This presentation does not contain any proprietary, confidential, or otherwise restricted information



2

• Project start date: May 2010 
• Project end date: Nov 2011
• Percent complete: 70%

• Non-technical barriers to 
commercializing hydrogen 
and fuel cells (per Pete 
Devlin March 9, 2011)

• Total project funding
– DOE share: $85K
– Contractor share: $0

• Funding received in FY10: $85K
• Funding for FY11: $ TBD

Timeline

Budget 

Barriers

• Lead: Longitude 122 West
• Collaborator: Sandia National 

Laboratories

Partners

Overview

Accelerate the commercialization and deployment of fuel cells
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• Address the market for 
large-scale storage of 
hydrogen & hydrogen 
technologies

• Enable greater 
penetration of clean 
renewable energy 
production

• Accelerate the 
commercialization and 
deployment of fuel cells

Relevance - Objectives

Facilitate the adoption of fuel cells across government and industry.
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Approach - Activities / Milestones

Step-wise approach to set up business model 

Fuel Cell
Electrolyzer

Hydrogen

Power Conversion

H2O

Tank or underground
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Approach - Lifecycle cost analysis
•Capital cost

-Electrolyzer
-Storage
-Fuel cells

Analysis builds on extensive expertise in energy storage and hydrogen. 
Analysis consistent with DOE MYPP and other lab studies.

•Present value cost
-20 year life
•Duty cycle
-7 days/wk

•Annualized life-cycle cost
-Capital
-O&M 
-Replacements
-Electricity
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Technical Accomplishments (1) 
Update cost model for utility energy storage

MWs of curtailed wind, TX, 2009

Model addresses storage system size and hours of operation
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Technical Accomplishments (2)
Update technology costs and compare

Annual cost of Bulk energy storage systems charged off-peak
20-yr system, operating 365 days/yr
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Technical Accomplishments (3)
Establish business case based on curtailed wind

Annual cost of Bulk energy storage systems charged with 
6-hr free spilled wind power, 20-yr systems,  365 days/yr
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Technical Accomplishments (4)
Perform sensitivity analysis

Annual cost for hydrogen fuel cell systems
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Technical Accomplishments (5) 
Perform sensitivity analysis for business case

Hydrogen storage results are sensitive to current and target costs and applications
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Technical Accomplishments (6)
Benefit / cost analysis on $/kW basis*

The Benefit / Cost ratio is Attractive for Curtailed Wind

Base Case

Spilled wind

*SNL

*
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Technical Accomplishments (7) 
Benefit / cost analysis on $/kWh basis**

Value of renewables
integration

Additional value of 
local capacity credit

Benefits ($/kWh)**

The Benefit / Cost ratio is even more Attractive on an energy basis

Spilled wind

Base Case

** EPRI
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Business model / market analysis
(In Progress)

Matching the business model and market potential
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Collaborations
• Sandia National Laboratories

– Collaborator on geologic cost estimates
• Austin Energy

– Utility company with excess wind resources - informal advisor
• Schafer Corporation

– Industry with industry clients needing innovative energy solutions -
informal partner

• Hydrogen Utility Group (HUG)
– Reports to HTAC - exchanging data on opportunities for grid 

storage, preparing hydrogen energy storage model
• Hydrogenics

- Industrial provider of large-scale electrolyzers - interested party

Utilities and industry are interested in this opportunity
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FY11
• Complete benefit / cost analysis; market potential 

framework
• Finish report
FY12
• Add scaling considerations to utility business model, 

considering spectrum of value propositions 
• Add location considerations to cost and benefit analysis
• Build third-party (non-utility) opportunities business 

model
• Continue discussions and deliberations with 

commercial interests, market potential

Proposed Future Work

Detailed considerations and discussions are needed
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• Relevance: Market growth for hydrogen technology
• Approach: Benefit / cost analysis for hydrogen to enable 

penetration of dispatchable renewables
• Technical accomplishments

– Model and database updates for cost analysis
– Comparisons with other large-scale energy storage
– Sensitivity, focusing on DOE target costs
– Benefit / cost analysis of viable business case
– Fostering commercial conversations

• Collaborations
– Within the DOE fuel cell program: SNL, Hydrogen Utility Group 
– External / commercial contacts: Austin Energy, Schafer Corp., Hydrogenics, 

Ballard, Next Hydrogen, Nebraska Public Power
• Proposed future work: Additional real-world considerations for 

market development

Summary

This work is on schedule and meeting objectives
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Technical Back-Up Slides



Capital Cost

Capital Cost = Cost of Power equipment + Cost of storage 

Costtotal($) = Costpcs($) + [Coststorage($) + CostBop($)]

Estorage(kWh) = Power(kW) x time (hr)

Costtotal($) = [P(kW) x Costpcs($/kW)] + [Coststorage+BOP ($/kWh) x 
time (hr) x Power(kW)]

Costtotal($/kW) = Costpcs($/kW) + Coststorage+BOP ($/kWh) x time 
(hr)

Total Cost = Cost of hydrogen tanks or reservoir +    Cost 
of electrolyzer + cost of fuel cell + balance of plant



Annual Life-cycle and Present Value Costs

Levelized annual cost ($/kw-yr) 
= Cost of capital (carrying charge on initial purchase)
+ cost of fixed O&M 
+ cost of variable O&M 
+ annualized replacement costs
+ consumables (fuel and electricity)

Present Value Calculation:  
PV = F0 / (1 + i)0 + F1 / (1 + i)1 + F2 /(1 + i)2 + .... + Fn /(1 + i)n



Storage Benefits Analysis



Storage Benefits Analysis

December 2010
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