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Electrical Infrastructure
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Source : NIST, Eric Simmon ,An Introduction to The Smart Grid (2010)
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EV

Forecasted Load of EVs
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NIST

U.S. DEPARTMENT OF

Federal
NISI' Federal
National Institute of
Shn:a:'?!:aanst:e:hn;ogy Energy
U.S. Department of Commerce Regulatory
Commission
; Public Utility Commissions
State
NIST

Title XIII, Section 1305 of EISA
Source : NIST, Eric Simmon ,An Introduction to The Smart Grid (2010)


http://www.energy.gov/index.htm
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Appliance and consumer electronics providers

[N

Power equipment manufacturers and vendors

Commercial and industrial equipment manufacturers and automation
vendors

=

Professional societies, users groups, and industry consortia

Consumerg, Residential, commercial, and industrial

=

R&D organizations and academia
Electric transportation industry Stakeholders

(BN

- . - Relevant Federal Government Agencies
Electric utility companieg Investor Owned Utilities (IOU)

S ) . Renewable Power Producers
Electric utility companiesMunicipal (MUNI)

Retail Service Providers
Electric utility companiesRural Electric Association (REA)

[N

Standard and specification development organizations (SDOS)

Electricity and financial market traders (includes aggregators)

=

State and local regulators

Independent power producers

N

Testing and Certification Vendors

Information and communication technologies (ICT) Infrastructure anc

. Service Providers

(@)
N
=

[ =

Transmission Operators and Independent System Operators

11 Information technology (IT) application developers and integrators 22 Venture Capital

Source : NIST, Eric Simmon ,An Introduction to The Smart Grid (2010)



The Need for Standards

A Standards
I Provide a foundation that can be built upon
I Allow for interoperation
I Encourage innovation

A Standards should not restrict unnecessarily

Source : NIST, Eric Simmon ,An Introduction to The Smart Grid (2010)



ElectricVehicle Standards
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Smart Grid Interoperability Panel
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NIST

NIST Three Phase Plan

PHASE 1 PHASE 2
|dentify an initial set of Establish public/private
existing consensus Interoperability Panel to

standards and develop provide ongoing
a roadmap to fill gaps recommendations for
new/revised standards

PHASE 3
Testing and

Certification
Framework

March 2009 September 2010

Eric Simmon ,An Introduction to The Smart Grid (2010) 15



Release 1.0 NIST Roadmap

NIST Special Publication 1108

NIST Framework and Roadmap for
Smart Grid Interoperability
Standards,

Release 1.0

Office of the Natimal Coosdinstor for Smart Grid Ineropeshility
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Eric Simmon ,An Introduction to The Smart Grid (2010)



2 DOE

SAND2010-0815
Unlimited Release
Printed February 2010

Energy Storage for the Electricity Grid: Benefits
and Market Potential Assessment Guide

A Study for the DOE Energy Storage Systems Program

Jim Eyer
Distributed Utility Associates, Inc.
1530 Holmes Street
Livermore, CA 94550

Garth Corey
KTech Corporation
10800 Gibson SE
Albuquerque, NM 87123

Contract #10612

Source : Jim Eyer, Garth Corey , Energy Storage for the electricity Grid (2010)
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Table 3. Five Categories of Energy Storage Applications

Category 1 — Electric Supply

1. Electric Energy Time-shift
2. Electric Supply Capacity

Category 2 — Ancillary Services

3. Load Following
4 Area Regulation

5. Electric Supply Reserve Capacity
6. Voltage Support

7_TTransmission Support

8. Transmission Congestion Relief

9. Transmission & Distribution (T&D) Upgrade Deferral
10. Substation On-site Fower

H* =
I waHI

#10

Category 4 — End User/Utility Customer
11. Time-of-use (TOU) Energy Cost Management #11
12. Demand Charge Management

13. Electric Service Reliability
14. Electric Service Power Cluality

Category 5 — Renewables Integration

15. Renewables Energy Time-shift #15
16. Renewables Capacity Firming #11
17. Wind Generation Grid Integration

Source: Jim Eyer, Garth Corey , Energy Storage for the electricity Grid (2010)



Source : Jim Eyer, Garth Corey , Energy Storage for the electricity Grid (2010)
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Service Life (years)
Escalation Rate: 2.5%/yr. Mid Year Convention.

2.3% per year annual price/cost escalation
10.0% per year discount rate
10-year storage equipment life

Mid-year convention

The equation for the PW factor for a 10-year service life is as follows:

10
i-5
PW Factor = z “i)ﬁ
(1+d) ™
=
T

e = annual price escalation rate (%/year)
d = discount rate (%/year)
i=year
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Time-of-use Energy Cost Management
Residential to medium sized commercial/industrial

users.

Table ES-1. Summary of Key Assumptions and Results

Discharge Capacity Benefit Potential Economy
Duration® | (Power: kW, MW)| ($/kw)** (MW, 10 Years) ($M'|I|ic|r'|]T
# Benefit Type Low | High Low High | Low | High CA U.S. CA | U.5.
Electric Energy Time-shift 2 8 1 MW | 300 MW] 400 700 1,445 | 18,417 795 (10,129
2 ]Electr'lc Supply Capacity 4 & 1 MW | 300 MW] 359 710 1,445 | 18,417 | 772 9,838
I
3 Load Following 2 4 1 MW 500 MW] 600 1,000)] 2,889 | 36,834 2,312 (29,467
4 |Area Regulation 15 min. |30 min.| 1 MW | 40MW | 785 [ 2,010 80 1,012 112 | 1,415
5 |Electric Supply Reserve Capacity 1 2 1 MW |500 MW]| 57 225 636 5,986 an 844
6 [Voltage Support 15 min. 1 1 MW | 10 MW 400 722 9,209 | 433 | 5,525
7 |Transmission Support Z2sec. | Ssec. | 10 MW | 100 MW 192 1,084 | 13,813 208 2,646
8 |Transmission Congestion Relief 3 6 1 MW |[100 MW] 31 141 2,889 | 36,834| 248 | 32,168
9.1 |T&D Upgrade Deferral 50th 3 6 |2s0kw| smw | 481 | 687 | 386 | 4,086 | 226 | 2,012
percentilet
g.2 |T8D Upgrade Deferral 90th 3 6 |2s0kw| 2mw | 750 |1,079] 77 | 997 | 71 | 918
percentilet
10 ([Substation On-site Power 8 16 1.5 kw 5 kw 1,800 Eiﬂ'{]{l 20 2320 47 600
N
11 |Time-of-use Energy Cost Management 4 6 1 kw 1 MW @ 1;2y 5,038 64,2)29@ 6,177 78,743
N A N
12 |(Demand Charge Management 5 11 50 kw | 10 MW 582 2,519 | 32,111 1,466 (18,695
13 [Electric Service Reliability 5 min. 1 0.2 kW | 10 MW 339 a8 722 9,209 483 6,154
14 [Electric Service Power Quality 10sec.| 1 min. | 0.2 kW | 10 MW | 359 978 722 9,209 | 483 | 6,154
15 |[Renewables Energy Time-shift 3 5 1kw |500MW]| 233 389 | 2,889 | 36,834| 899 (11,455
16 |[Renewables Capacity Firming 2 4 1 kW |500 MW| 709 915 2,889 | 36,834 | 2,346 (29,909
e e e e 10 sec. |15 min.| 0.2 kw |500 Mw| so00 | 1,000| 181 | 2,302 | 135 | 1,727
Short Duration
17.2 |Wind Generation Grid Integration, 1 6 | 0.2kw|soomw| 100 | 782 | 1,445 |18,417| 637 | 8,122
Long Duration

*Hours unless indicated otherwise. min. = minutes. sec. = seconds.
“Lifecycle, 10 years, 2.5% escalation, 10.0% discount rate.
-rR:'-IC:ﬂ-I" on nnfanfial (MW 10 wvearey iimee averana nf low and hinh hhaenafit (6 WY
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Source : Jim Eyer, Garth Corey , Energy Storage for the electricity Grid (2010)



#11 End User

0.40 m====Direct Load
230 Storage Power
035 | 200 BTS00 = = = Net Demand T
[ ]
1.70 . :
830 1.40 ' '
1 ]
To02s | 1.10 1
= 0.80 - ' TR :
[ | 0 IN€E
g. 0.20 E 0.50 4 Storage IEEH iy iy il e
8 [ 020 | SO ' 12:00t05:00 *
o 015 - . S S .
010 |
0.10 -0.40 4 Storage
070 4 Discharging
0.05 - 1.00 4
0.00 B s o T B e B R I e
0 4 8 12 16 20 24 123456 7 8 9101112131415 16 17 18 19 20 21 22 23 24
Hour of Day Hour
Summer energy prices for PG&E’s Small Commercial A-6 TOU rate.
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Source : Jim Eyer, Garth Corey , Energy Storage for the electricity Grid (2010)




#16 Renewables Capacity Firming
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Figure 10. Renewable-fueled generation, short-duration intermittency (example). Figure 11. PV generation output variability during peak demand hours (example).

Low: fixed orientation distributed PV.

709 | 915 High: bulk wind generation.

-1

20% of peak load is assumed to be in-play,

T 20% of that, maximum, served by storage.

.9 hillion
Source : Jim Eyer, Garth Corey , Energy Storage for the ele%t%c?ty GridI (2010)



2009 2 2

* *2 *3
kWh %
56 1.12 980 13% 127 ﬁ
61 1.22 1.060 13% 138 ﬁ
56 1.12 970 13% 126 A

GEDED ;o oe0

100 16.4 Wh 16 wh 32.8 2.8
1 54 W 5 Wh 10.9 1.0
EDMC
* 0.7% 15% *2 ¥2  /kWh ¥1.73 /kWh
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NREL
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Innovation for Our Energy Future

PHEV/EV Li-lon Battery
Second-Use Project

Jeremy Neubauer
Ahmad Pesaran

April 2010

NREL/PR-540-48018
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NREL
PHEV/EV Lon Battery SecondUse Project

To o I

A PHEVIEV Li-lon Battery
Second-Use Project
. N _ Jeremy Neubauer
A § s " Ahmad Pesaran

April 2010




GM ABB
(2010.9 21)

GM ABB Li 2 2
GM 2010

PHEV Volt 2

1 GM Press releas201009-21
http://media.gm.com/content/media/us/en/news/news detail.brand gm.html/content/Pages/news/us/en/2010/Sept/0921 volt

2 ABB Press releas€2010-09-21
http://www.abb.com/cawp/seitp202/d3e2f486303c1d47¢c12577a500479955.aspx

ABB and General Motors have signed a-ezolusive memorandum of understanding to cooperate on a research and development
project that ill investigate uses for electric vehicle batteries once their useful life in the vehicle is oveP{&B8release

20100921
ABB GM 2003 GM ABB CEO Perdgarnevik


http://media.gm.com/content/media/us/en/news/news_detail.brand_gm.html/content/Pages/news/us/en/2010/Sept/0921_volt
http://www.abb.com/cawp/seitp202/d3e2f486303c1d47c12577a500479955.aspx

GM ABB
(2010.9 21)

Engineers and researchers from both companies are working together to study:

Renewable Energy Storage: Managing the intermittency of wind and solar
resources
Grid Load Management: Mitigating spikes in electricity demand

Back-up Power Supplies for Providing backup power be used by
Communities: communities during power outages caused
by storms or other natural disasters.

Time of Use Management: Allowing cheaper off-peak power to be used
during peak periods

GM)



EPRI

http://intelligrid.epri.com/Smart Grid Information Sharing Calls.html
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