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Overview ) i,
O * DOE Global Energy Storage Database(GESDB)

www.sandia.gov/ess/database

DOE Global Energy Storage Database

= What is the GESDB?

= Who uses the database?
= Examples

= Answer |[EA Questions
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gn What is it? )i,
€ DOE Global Energy Storage Database(GESDB)

" Only freely accessible database
= World-wide energy storage projects and
facilities
» related US state and federal legislation/policies
information

" Tool desighed to be
accessible to a wide
variety of stakeholders
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gn Who uses it? rh) deie
¥ DOE Global Energy Storage Database(GESDB)

= Policy makers

= Utilities and Power providers

= RD&D decision-makers, strategic planners, program managers
" Financial institutions

= Educators

DOE Global Energy Storage Database

" Energy Information Agency

Help grow ES industry -
providing data allowing analysis
by a variety of users
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What does the database contain?

Features:

= 60+ data fields

= 50+ energy storage
technologies

= 3" party verification process
= Data exportable
= Excel or PDF
= Data Visualization
= Easy Project Sharing
=  Social media engagement

Continually evolving to address the data needs of

emerging industry
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Social Media Engagement
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TWEETS FOLLOWING  FOLLOWERS  FAVORITES

209 %6 72 422 10 More v

Tweets Tweets and replies

Energy Storage

BRE By Sl Energy Storage &

GreenChargeNetworks &Snore Hote\ go LEED w/ 30kW Greenstation:
ow.ly/AuGdL @ShoreHotelSM @GreenChargeNet

The DOE Global Energy Storage
Database provides free information on
grid-connected energy storage projects
and relevant state and federal policies N

@ world

‘ Energy Storage &
& energystorageexchange.org

Just Added: 23 Actwe Power Inc. prOJects 52 MW of #Flywheel #UPS
on the DOE #EnergyStorage DB: ow ly/AAIDy @activepower

B3 46 Photos and videos

- N
E fﬂﬁliléﬁ . Energy Storage @eneroy Aug 21
S ERSITY

Test your tech @ Sand\aLabs s Solar
Thermal Test Facility. More on the DOE
#EnergyStorage DB: ow.ly/Aub5al

1 q

Ever wonder how tnemul energy storage works? calmac.com/how-
does-energ _ #energy #aia fhvac #buildings

(=8 N

The growth of wind energy farms in the US, an interactive map.
#windweek Lusa.gov/ltmcD6z

' Energy Storage @EnergyStorageDB « 8m
Gangneung Low Carbon Green City #Korea -
100kW #EnergyStorage from Kokam and SK
C&C: ow.ly/APt0 @skcc_twt

[Energy Storage @EnergyStorageDB « Sep 3

Check out Stafford Hill Solar Farm & Microgrid
- 4MW of #EnergyStorage on the DOE
Database: ow.ly/ANfD9

GreenChargeNetworks @GreenChargeNet - Sep 3

Here's @EnergyStorageDB on our project that helps @Avis charge 21
electric vehicles simultaneously near Laguardia
energystorageexchange.org/projects/143

2 1 View conversation

Energy Storage @EnergyStorageDB - Sep 3

CALMAC's Ice #EnergyStorage Saves School District $5 Million in Utility
Costs: via ACHRNEWS achrnews.com/articles/12748... @energystorage
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Example of New Embedded, Data [,
Visualization Tool

Leading Countries

Country
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Compressed Air Electrochemical Flywheel Hydrogen Energy Pumped Hydro Thermal Storage
Storage
Status + Technology Type
Status
Technology Type Category Operational Announced Contracted De-Commissioned Offline/Under Rep.. Under Constructi
Pumped Hydro 141,926,506 5,015,500 1,872,000 2,254,000 258710/ |
Thermal Storage 1,581,461 51,400 65,000 100 205 1,528,7
Flywheel 906,100 2,110 1,400 51
Compressed Air 434,850 626,000 1,000 2015
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How are others using Storage?

Service / Use Cases
Service / Use Case
Electric Energy Time shirt |

Electric Supply Capacity |

Renewables Capacity Firming [ NG
Frequency Regulation _

Renewables Energy Time Shift —

Electric Bill Management _

Electric Supply Reserve Capacity - Spinning [[INNEGJINNEEER
voitage Support [IIINNEGEGE
Onsite Renewable Generation Shifting _

On-Site Power -

Load Following (Tertiary Balancing) [N

Grid-Connected Commercial (Reliability & Quality) [ Technology
Electric Bill Management with Renewables [ B Compressed Air
Black Start [ Il Electrochemical
Resiliency [ B Fiywheel
Distribution upgrade due to solar - . Hydrogen Energy Storage
Bl Pumped Hydro

Electric Supply Reserve Capacity - Non-Spinning -
Ramping -
Grid-Connected Residential (Reliability) -
Transportation Services -

Microgrid Capability [JJj

Stationary Transmission/Distribution Upgrade Def.. .
Transmission Congestion Relief .

Transmission Support .

Bl Themal Storage

Transportable Transmission/Distribution Upgrade .. l
Distribution upgrade due to wind .
Transmission upgrades due to wind |

Transmission upgrades due to solar
200 300 400 500

0 100
Number of Projects
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Data: https://public.tableausoftware.com/views/EnergyStorageUseCases/ServiceUseCases?:embed=y&:display_count=no
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Total Power by Technology (MW)

Agueous Hybrid lon (AHI) Battery
Nickel Iron [NiFe) Battery

Hydrogen Bromine Redox Flow Battery
Zinc-Nickel Oxide Redox Flow Battery
Iron Chromium Redox Flow Battery
Mickel Metal Hydride Battery

Liquid Air Energy Storage

Advanced Adiabatic Compressed Air...

Lithium Manganese Oxide Battery
Zinc Hybrid Cathode Battery

Lead Carbon Battery

Nickel Manganese Cobalt Battery

Modular lsoThermal Compressed Air...

Seawater Pumped Hydro Storage
Electrochemical

Lithium lon Supercapacitor
Lithium Ferrous Phosphate Battery

Underwater Compressed Air Energy...

Ultracapacitor
Zinc Bromide Flow Battery
Lithium Nickel Cobalt Aluminum Battery

Compound Battery: Lithium lon &...
Compound Battery: Lithium lon & Lead...

Lithium Polymer Battery
Hybrid Battery
Electrochemical Capacitors

Not Shown on Graph
Open Loop Pumped Hydro: 170.7 GW
Closed Loop Pumped Hydro: 6.3 GW

Sandia
fl'q National
Laboratories

Hydrogen Energy Storage
UltraBattery
Modular Compressed Air Storage
Sealed Lead Acid Battery

Valve Regulated Lead Acid Battery...
Lithium lon Titanate Battery
Sodium Nickel Chloride Battery
Mickel Cadmium Battery
Zinc Bromide Redox Flow Battery
Vanadium Redox Flow Battery
Ice Thermal Storage
Lead Acid Battery
GigaCapacitor
Gravitational Energy Storage
Lithium Iron Phosphate Battery
Adwvanced Lead Acid Battery
Sodium Sulfur Battery
Chilled Water Thermal 5torage
Heat Thermal 5torage

In-ground IsoThermal Compressed...
Lithium lon Battery

In-ground Natural Gas Combustion...
Thermal Storage
In-ground Compressed Air Storage
Flywheel

Sodium and Potassium Nitrate...

Molten Salt Storage

3 4 5 6 7 0 500 1000 1500

www.sandia.gov/ess/database



Use Cases by System Operator T .

lso/Rio
Service | Use Case CAISO = ERCOT MISO PJM

Electric Bill Management 11

& 9
22 4

37

Grid-Connected Commercial (Reliability & Quality} 2 1

Electric Bill Management with Renewables 20 1 2 2
Renewables Capacity Firming 20 3 8 3
Onsite Renewable Generation Shifting 17 1 1 L]
Transportation Services 3
Renewables Energy Time Shift 1 T 2
Electric Supply Capacity 1

5%
I

Electric Supply Reserve Capacity - Non-Spinning
Grid-Connected Residential {Reliability)

=
=]

Electric Supply Reserve Capacity - Spinning 11

Load Following (Tertiary Balancing)

[}

Frequency Regulation 19

On-5ite Power

I

.uh-'lh.'ll'.p-'l-h-mmm"'-l"hl"'-llm
{=}

- =i M_._..l"hlb—'l
=

Voltage Support
Microgrid Capakbility
Stationary Transmiszion/Distribution Upgrade Deferral

Transmission Congestion Relief

=]

Resiliency
Transportable Transmission/Distribution Upgrade Deferral

Distribution upgrade due to solar

Ramping 1 2
Black Start
Transmission Support 2

www.sandia.gov/ess/database
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What effect is Storage Policy having?

Foryab Growing need for flexibility starting 2015
Nahonal Fores!
Net load
27,000 -
25,000
: & 23,000 —
alh Valiey Las":;egns
@umrmm _ e ==
2 19000 N ¥ 2016
] \ increased Potential
= 7000 il Storage
Effect

‘ Significanf change i
15,000 7 " Potential
starting jn 20?5 over-generation
o

.

3 4 & & 7 8 @ 10 11 12 13 14 15 16 17 18 19 20 21 22 23

s Medaly & Cofifornia 50 E—
TI irl:l na

California Assembhy Bill This law requires the California Public Utilities Commission (CPUC) to open a procesding to AB 2514 Califiornia Jan 2011
2514 determine appropriste wtility procurement tangsts, if any, for energy storage systems that are Legislsturs
commercialy available and cost-effective.

The CPUC opened the nilemaking {R. 10-12-307) on December 19, 2010, The nulemaling
consisted of several phases of workshops, modeling of enengy systems, staff reports,
proposed decisions, and stakeholkder input. The full timeling of the rulemaking process, as well
35 manwv pieces of documentation. can be found at htto:sesa couc. ca.oov PLUC enenom

www.sandia.gov/ess/database




Media uses )

Home Energy Storage

THE BIG PICTURE: Storage Snapshot

04/30/2014 | Sonal Patel

PRINT MODE : OFF
5] [0 vweet 0] (81 + | (D4

Magazines, Blogs

The world's energy storage efforts Jenced a n-ﬁﬁﬂlﬁ.f“h-_-ﬂ{‘-ﬂ

projects and pegjects whose verification is s p ) sh 'I-‘ dgfing ori into & $10.4 billion business by

2017, companed to just $200 million in 2012. “Mim‘hhﬁ—uwumwmmhm an O er re Or S
Loage prjects a9 purged hydro (some of them saoral) or prejects th 1o cloar indication of dration. Soertes: Sandia Notivwal (oboratoses, OOF

Globol Eergy Soroge Detabess —Copy end ortwork by Soscl Potel o POWER susdote ecitor.

TOTAL: 145.3 GW

649 projects®

ASIA: 64.6 GW
(150 projects)

Energy Storage Capacity by Current Status and
Technology Type in the US

14,000
12,000
\ S 10,000
= P u Flywheel
— _ -~ % 8,000 ® Thermal Storage
| S| AFRICA/MIDDI :3GW ]
. ‘ = E CA/ LE D\‘J" | a m Gravitational Energy Storage
BUROPE . AMERICA AFRICA/ AUSTRALASIA S AMERICA (10 projects) 3
MIDOLE EAST . 6,000 u Electrochemical
- . AU STR&L&SI‘?& iii“\:' g ® Compressed Air
MO STORACE DEVELOPING Z = . %
STORAGE S. AMERICA: 1 GW | = 4,000 u Pumped Hydro
[
*lencte oy ereTy Tamge pevecs DuF oy coworone woriderds obole OV M of prpect Pt ex Ex D RO -
2,000

Operational Announced

BREAKDOWN BY STORAGE TECHNOLOGY

http://energytopicstrends.blogspot.com

]
OPERATIONAL PROJECTS ANNOUNCED
M5Iay a1ew

http://www.powermag.com/the-big-picture-storage-snapshot/

www.sandia.gov/ess/database



National

The Role of Storage in Energy System Flexibility ™ o

International
Energy Agency

iea

The workshop will address a broad range of topics concerned
with innovation and R&D strategies for energy storage and
electricity grid enhancement with a focus on how best to
welcome the inclusion of variable energy sources.

e Which electricity storage technologies are currently used ...?
e What are the ways in which such devices be integrated into the energy market?
 How is energy storage handled in different countries?

e How is Renewable Energy Sources are Being Integrated with Storage?

http://www.iea.org/publications/freepublications/publication/TechnologyRoadmapEnergystorage.pdf

www.sandia.gov/ess/database



Which electricity storage technologies ()=
are currently used ...?

145 GW installed
50 Technologies Represented

Pumped Hydro Ihermal’ 1589
141926

Compressed Air

Batteries*
456

Source: Based on DOE Global Energy Storage Database (http://www.energystorageexchange.org)
August 2014

*Batteries include Flow, Lithium lon, Sodium Sulfur, Nickel Cadmium, Lead Acid, Electrochemical Capacitors, and Ultra Batteries

www.sandia.gov/ess/database



1.8 % of the Total Electric Capacity

@ World wide is Stored!
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DOE Global Energy Storage Database
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What are the ways in which such devices be ()i
integrated into the energy market?

Electric

Voltage

Electric

Supply
Reserve
/ Capacity -

145 GW of Global Energy Storage

www.sandia.gov/ess/database



How is energy storage handled )
in different countries?

Laboratories

ES Technology by Country

Country Rated Power in kKW
Technology China Japan United States ltaly Spain India Switzerland Germany France
Compressed Air 113,580 500 521,000 150 33,199,000
Electrochemical 45 990 130,921 280,415 55,777 6,326 15,045 1,110 24377 11,042
Flywheel 2,000 97 575 2,100 9,000 389,400 700
Hydrogen Energy Storage 1,200 3,520 150
Pumped Hydro 33,199,000 28,651,780 7,484,700 6,889,200 6,772,000 6,427,000 6,228 420 5,812,000
Thermal Storage 51,500 790,751 4720 1,131,800 226175 1,500 23,500
Country
1200K
1000K Technology

. Compressed Air

. Electrochemical

. Fhywheel

. Hvdrogen Energy Storage
. Thermal Storage

United Spain Germany United South India Japan China Italy France Korea, Switzerland Portugal
States Kingdom Africa South

Without pumped
hydro

Z00K

GO0K

Rated Powver in kA &

400K

200K

Data and charts: https://public.tableausoftware.com/views/EnergyStorageByCountry/ESTechnologybyCountry?:embed=y&:display count=no
https://public.tableausoftware.com/views/EnergyStorageByCountry/ESTechnologyWithoutHydro?:embed=y&:display_count=no

database




How is Renewable Energy Sources are Being
Integrated with Storage?

RE Integration by Number of Projects Technology
B Compressed Air

[l Electrochemical

B Fiywheel

I Hydrogen Energy Stora..
B Pumped Hydro

I Themal Storage

Transmission upgrades due to solar I
Distribution upgrade due to wind NN
Transmission upgrades due to wind IIIIINININININININGE
Distribution upgrade due to solar I
Onsite Renewable Generation Shifting IIINGEGGEGEEGEGEEEEEEEEEEN
Renewables Energy Time Shift NG
Renewables Capacity Firming NG S

1 2 5 10 20 S0 100 200
Number of Projects

RE Integration by Rated Power

Transmission upgrades due to solar NG
Distribution upgrade due to wind I
Transmission upgrades due to wind I
Distribution upgrade due to solar NN
Onsite Renewable Generation Shifting NG
Renewables Energy Time Shift NG
Renewables Capacity Firming I
1 100 10,000 1,000,000
Rated Power in kW

https://public.tableausoftware.com/views/EnergyStorageUseCases/REIntegrationUseCases?:embed=y&:display_count=n
o
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@© DOE Global Energy Storage Database @&z

2015 Plans

Build out the Policy section

International partnerships

Create Codes, Standards and Regulations section
Provide Data visualization tools

Increase publicity and visibility

Improve usability

Maintenance and Project verification

www.sandia.gov/ess/database



@ DOE Global Energy Storage Database @&

www.sandia.gov/ess/database

Summary

e Database went live in May 2012
e 1088 Total Projects = 183.5 GW (145 GW Operational)

 Tool designed to be accessible to a wide variety of
stakeholders

 Help grow ES industry - providing data

Users: 41,000 visitors N_//JW
161 Countries
635,000 page views R o S
72,107 41,667 635,233 8.81

Avg. Session Duration Bounce Rate % New Sessions

00:05:2 1.23% 57.77%

e ™ L_ e
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