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Presenter
Presentation Notes
Good afternoon, my name is Poonum Agrawal. I’m with Sentech Inc, which as of July this year was acquired by SRA International.  As you may know SRA is a leading provider of technology and strategic consulting services and solutions to government organizations and commercial clients. SRA acquired Sentech in July 2010. The acquisition add’s Sentech’s energy management consulting services which include expertise in a broad range of renewable, distributed energy technologies,  energy efficiency and advanced transportation technologies.This is a joint project with KEMA.I’d like to thank DOE and Imre Gyuk for funding this project and the opportunity to present the results of the large scale diurnal storage study that we are doing jointly with KEMA .
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Project Objective

• Characterize and assess emerging innovative 
bulk ES technologies and relevant applications
– Focus on concepts using pumped storage or compressed air 

with capacities greater than 100 MW

• Recommend strategy for DOE to hasten the 
commercialization of these innovative 
technologies.

Significant Work. Extraordinary People. SRA.

Presenter
Presentation Notes
There is no doubt that bulk energy storage can play a key role in meeting the needs of a 21st century energy infrastructure. One of the challenge is that there are several solutions at various stages of development but limited funding. The objective of this project is to evaluate the large scale options and provide an assessment that will help DOE plan its ES storage program. It is unlike most of the other projects being reviewed in that this project does not involve development of a specific technology.
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Project Details

• Project Duration: 
– May through December 2010

• Sandia Delegated Representative:
– Georgianne Huff

• Joint project with KEMA Consulting:
– Poonum Agrawal, Sentech, Inc., now part of SRA International
– Rick Fioravanti, KEMA Consulting
– Paul Gordon, Sentech, Inc. , now part of SRA International
– Larry Markel, Sentech, Inc. , now part of SRA International
– Ali Nourai, KEMA Consulting
– Nellie Tong, KEMA Consulting

Significant Work. Extraordinary People. SRA.

Presenter
Presentation Notes
This is an 8 month projectGeorgianne Huff is our Sandia Delegated Representative. I would like to acknowledge Georgianne and Imre Gyuk of DOE for their support and oversight of this project. The last bullet lists our project team. As you may know Ali Nourai who is on our project team is also a peer reviewer. As such he as recused himself from reviewing this project and any technologies that KEMA may have an interest in. 
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Overview

• Technical Approach
• Application Selection for Bulk Energy Storage 
• Application Requirements 
• Technologies Reviewed
• Characteristics Reviewed 
• Feasibility Assessment Methodology
• Feasibility Assessment Results
• Summary/Conclusions
• Future Tasks

Significant Work. Extraordinary People. SRA.

Presenter
Presentation Notes
This slide provides an overview of the presentation. I will go over our approach, the major tasks, preliminary findings and remaining tasks.
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Technical Approach

1. Identify relevant applications and needed 
requirements for bulk energy storage 

2. Characterize novel technologies 
3. Assess and screen technological feasibility 
4. Analyze gaps and barriers (in process)
5. Recommend needed R&D (in process)

Significant Work. Extraordinary People. SRA.

Presenter
Presentation Notes
1st we identified applications suitable for large scale energy storage and their technical requirements 2nd we characterized novel technologies by conducting market research and industry interviews. Our team interviewed almost all of the companies involved in large scale PSH and CAES technology development.3rd we assessed the technological feasibility of the technologies 4th we analyzed the gaps and barriers to development of the technologies Lastly we recommended R&D needed for these technologies and the type of government supported needed to facilitate the commercialization of the technologies. 
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Application Selection

• Evaluated 19 applications
• Applied two criteria to assess suitability

• Discharge Duration
• Frequency of Use

• Identified 6 applications appropriate for bulk 
energy storage

Significant Work. Extraordinary People. SRA.

Presenter
Presentation Notes
 Evaluated the 19 ES applications listed in the February 2010 Sandia report: “Energy Storage for the Electricity Grid: Benefits and Market Potential Assessment Guide” by Sandia National Laboratory (SAND2010-0815). We divided the applications based on  discharge duration and frequency of use requirements and evaluated their discharge depth, response time for full power,  minimum cycle life and whether energy efficiency is important.The applications most suitable for bulk ES are those with discharge duration on the order of hours, frequent use, deep discharge depth, response time of minutes or more, with a minimum cycle life on the order of a few thousand, and where energy efficiency is important. Applications that require a response time of seconds, with a short discharge requirement and low frequency of use are not technically suited or cost effective for bulk energy storage. Such as backup power, area regulation and power quality
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Application Requirements

Applications

Capacity
(MW)

Discharge 
Duration
(Hours)

Desirable 
Minimum 
Energy 

Efficiency 
(%)

Response
Time

Low High Low High

Electric Energy Time-shift 1 ≥500 2 8 75% 2 hours
Electric Supply Capacity 1 ≥500 4 6 75% 2 hours
Load Following 1 ≥500 2 4 75% 2 hours
Renewable Energy Time Shift <1 ≥500 3 5 75% 2 hours
Renewable Capacity Firming <1 ≥500 3 5 75% 5 minutes
Wind Generation Grid 
Integration- Long Duration <1 ≥500 1 6 75% 2 hours

Significant Work. Extraordinary People. SRA.

Presenter
Presentation Notes
This table shows the 6 applications most suitable for bes.We also show the key requirements that we used to assess whether a novel technology would be appropriate. Almost all of the technologies that we evaluated meet the requirements of the 6 applications.  The few that don’t have shorter discharge durations or lower efficiencies.takes into account the difference in renewable capacity firming to maintain constant capacity versus taking into account the difference in diurnal transitions for renewables
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1. Aquifer
2. Archimedes’ Screw Storage
3. Below Ground Reservoir
4. In ground storage pipe with 

piston
5. In-reservoir tube with 

bubbles
6. Energy Island
7. Ocean Pumped Storage
8. Variable-Speed

Pumped Storage 
Hydropower

Novel Technologies Reviewed

1. Adiabatic
2. Diabatic Renewable
3. Near-isothermal
4. Liquid Air Energy Storage
5. Transportable CAES
6. Underwater CAES
7. Other:  Adsorption 

Enhanced
8. Other: Hydrokinetic
9. Other: Vehicle compression

Compressed Air 
Energy Storage

Significant Work. Extraordinary People. SRA.

Presenter
Presentation Notes
We reviewed 8 PSH technologies and 9 CAES technologies.These are based on our research and information provided by DOE and Sandia on current ES projects funded through SBIRS, ARRA, ARPA-EIn our report we provide details on how the technologies work and their characteristics As you may know conventional PSH pumps water from a lower reservoir to a higher reservoir during off-peak or when the price of electricity is really low. The stored water can be released when needed based on cost or to meet grid requirements. The novel technologies incorporate designs with different types of turbines such as variable speed or different types of reservoirs such as aquifers, underground salt domes, NG caverns, or tanks or the ocean. Some of the novel concepts propose alternative paradigms to an upper and lower reservoir such as the in ground storage pipe and in reservoir tube. Yet others are ocean based such as the archimedes screw and the energy island.Traditional  CAES involves compressing air and storing it in tanks or underground caverns. The process typically involves heat loss and use fossil fuels to reheat the air. Similar to PSH CAES to can use electricity to compress air during off-peak and release it at desired times. The novel concepts are looking at processes that capture any heat loss, or use renewable sources to heat the air, or use a different medium than air altogether such as LAES or use pipes or underwater containers to store the compressed air or use adsorption in the compression process. Or an altogether different process uses vehicles passing over a panels connected to air compression units which in turn are connected to microturbines.
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1. Commercial Status
2. Permitting
3. Siting
4. Capital Cost
5. Annual O&M Cost
6. Calendar Life
7. Construction Lead Time
8. Companies Involved
9. Studies/Project Installations

Business 
Characteristics

Characteristics Reviewed

1. Power
2. Energy
3. Energy Efficiency
4. Ramp Rate or Response 

Time
5. Other Features 

Grid Characteristics

Significant Work. Extraordinary People. SRA.

Presenter
Presentation Notes
This slide lists the business and grid characteristics that we assessed for each technology. We go over these characteristics in detail in the report. I won’t go into details but wanted to show you what we used to characterize and assess each technology.The characteristics of these novel technologies have some notable advantages such as reduced footprint, reduced or eliminate the need for large bodies of water or large storage mediums, higher efficiencies, lower emissions.
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Feasibility Assessment

• Technical Feasibility
• Technical Maturity
• Engineering Feasibility
• Economic Feasibility
• R&D Requirement

Significant Work. Extraordinary People. SRA.

Presenter
Presentation Notes
Explain the qualitative aspect, that this is challengingThe feasibility of the technologies was assessed using five attributes.  Technical Feasibility for novel concepts is an indication of whether the concept works or not.  Technical Maturity for novel concepts is an indication of the readiness for an operating concept to be engineered into a product; this is the next step beyond proving the concept is physically feasible in a laboratory. Engineering Feasibility for novel concepts is an indication of the challenges in solving peripheral problems in order to package a working concept into a marketable product.Economic Feasibility for novel concepts is an indication of the cost of addressing all the engineering issues encountered in packaging a concept into a marketable product. And comparing it to its perceived value and benefits. R&D Requirement for novel concepts is an indication of the efforts needed to make a concept pass its different development stages before it could be deemed feasible to be turned into a product. This attribute is an overall assessment of the development required for the technology and takes into account the other four attributes. 



11

Screening Approach

• Assessed each of the technologies by the 5 
attributes and scored them on a scale of 1-10

• 4 reviewers
• Averaged scores, discussed and reconciled 

outliers
• Identified the technologies by development 

timeframe:
– Score > 40: Short-term (< 5 years)
– Score between 25 and 40: Medium-term (between 5 - 10 years)
– Score < 25: Long-term (> 5 years)

Significant Work. Extraordinary People. SRA.

Presenter
Presentation Notes
Each of the five criteria above were given equal weight and scored on a scale of 1-10 and then added to get a total score by four separate reviewers. The scores were then averaged between the four reviewers to get a score out of a high of 50. For this assessment a technology with a score between 40 to 50 represents a technology that is expected to commercialize in the short term, that is, within 5 years. Similarly a technology with a score between 25 and 40 is expected to commercialize in the medium term which is between 5 and 10 years. And a technology with a score less than 25 is expected to commercialize in the long term which is great than 10 years. The next two slides show the results of our feasibility assessment.
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Feasibility Assessment Results - CAES

LT

MT

ST
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Presenter
Presentation Notes
This chart shows the scores for each of the CAES technologies. As I just mentioned technologies with a score between 40-50 are categorized as commercializing in the ST, and near isothermal just made the cut.Adiabatic, diabatic renewable, LAES and underwater scored in the MTAdsorption enhanced, hydrokinetic, transportable, and vehicle compression scored in the LTI will show a table shortly that clearly lists the technologies and the expected development timeframe
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Feasibility Assessment Results - PSH
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Presenter
Presentation Notes
Similarly ocean and variable speed PSH scored in the ST. one point about ocean and variable speed PSH is that they scored highest in both the PSH and CAES and this is reflective of the fact that there are a few installations already in place internationally making them.In reservoir tube with bubbles scored in the LT and the rest in the MT
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Time to Commercialization

Short-term
(< five years)

Mid-Term
(5-10 years)

Long-term
(>10 years)

PSH

• Ocean
• Variable 

Speed

• Aquifer
• Archimedes’ Screw
• Below Ground Reservoir
• Energy Island 
• In-ground storage pipe

• In-reservoir tube with 
bubbles

CAES

• Near 
Isothermal

• Adiabatic
• Diabatic Renewable
• Liquid Air Energy Storage
• Underwater

• Adsorption Enhanced
• Hydrokinetic
• Transportable
• Vehicle compression

Significant Work. Extraordinary People. SRA.

Presenter
Presentation Notes
This table shows more clearly the time to commercialization.
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Summary/Conclusions

Based on the preliminary assessment it is recommended that DOE fund R&D, 
demonstration and incentives for commercialization based on the timeframe for 
development for each technology.

Time to Commercialization
Short-term

(< five years)
Mid-Term

(5-10 years)
Long-term
(>10 years)

Type of 
Government 

Support

R&D funding  
Funding for 

Demonstrations   

Incentives for 
Commercialization



Significant Work. Extraordinary People. SRA.

Presenter
Presentation Notes
For the technologies characterized as short term (under 5 years) we recommend government funding and support related to demonstrations and incentives for commercialization. The short term technologies include: ocean PSH, variable speed PSH and near-isothermal CAES.For the technologies characterized as medium term (between 5 – 10 years) we recommend funding R&D and demonstrations. The medium term technologies are: aquifer PSH, Archimedes’ Screw PSH, Below ground reservoir PSH, In-ground storage pipe PSH energy Island PSH, Adiabatic CAES, Diabatic Renewable CAES, Liquid Air Energy Storage, Underwater CAES. For the technologies characterized as long term (greater than 10 years) we recommend funding R&D. The long term technologies are In-reservoir tube with bubbles PSH, Adsorption Enhanced CAES, Hydrokinetic CAES, Transportable CAES and Vehicle compression. 
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Future Tasks

• Incorporate feedback from peer review
• Complete gap and barrier assessment
• Develop R&D recommendations
• Complete final report by November 2010
• Present final results to DOE Energy Storage and 

Wind and Hydropower Programs by December 
2010

Significant Work. Extraordinary People. SRA.
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Sentech, Inc., now part of SRA International
Poonum_agrawal@sra.com
703-582-6082

Poonum Agrawal

Contact Information

KEMA Consulting
Ali.nourai@kema.com
614-940-7847

Ali Nourai
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