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Smart Grid – U.S. National Priority 

“We’ll fund a better, smarter electricity 

grid and train workers to build it…”   

                President Barack Obama 

“To meet the energy challenge and create a 21st 

century energy economy, we need a 21st century 

electric grid…” Secretary of Energy Steven Chu 

“A smart electricity grid will revolutionize the way we use energy, but 

we need standards …” Secretary of Commerce Gary Locke 

Congressional Priority: EISA 2007, ARRA, oversight, new bills … 

Administration Policy development:  

       http://www.whitehouse.gov/administration/eop/ostp  

 

http://www.whitehouse.gov/administration/eop/ostp
http://www.whitehouse.gov/administration/eop/ostp


Today’s Electric Grid 

Markets and Operations 

Generation 

Transmission Distribution Customer Use 

One-way flow of electricity 

Centralized, bulk generation 

Heavy reliance on coal, natural gas  

Limited automation 

Limited situational awareness 

Consumers lack data to manage energy usage 

 



Smart Grid  =  Electrical Grid + Intelligence 

  

 

  

 
2-way flow of electricity and information 



Why Do We Need Smart Grids? 

Fundamental Drivers 
 
• Climate change 

• Energy security 

• Lifestyle dependent on 
electricity 

• Jobs 

 

 

Smart Grid goals 

• Reduce energy use overall 
and increase grid efficiency 

• Increase use of renewables 

• Support shift from oil to 
electric transportation 

• Enhance reliability and 
security 

• Improve grid capacity 
utilization  

 



               Load Shift - Electric Vehicle Charging 

2020 SUMMER LOAD IMPACT – NO UTILITY INVOLVEMENT*
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Worst Case

2020 SUMMER LOAD IMPACT – WITH UTILITY INVOLVEMENT*
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Source: Southern California Edison 

• Smart Grid enables charging 

management to avoid 

overload during peak periods 

• Opportunity to use idle 

capacity on the grid 

• Interest in potential use as 

grid storage 



  

Source: PJM 

Variability/Intermittency of Renewables 



Grid Storage including Plugin EVs 

• Load shifting 
– Charging controlled to  

• reduce peak loads  

• mitigate renewable variability 

– Time scale is hours 

• Transient compensation 
– Charging and discharging controlled to mitigate 

renewable transients (Solar smoothing) 

– Time scale is minutes 

• Power quality 
– Charging and discharging controlled to improve 

power quality 
o continuous voltage regulation 
o sag/swell suppression 

– Time scale is seconds 

2020 SUMMER LOAD IMPACT – WITH UTILITY INVOLVEMENT*
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Plugin EV and the Smart Grid 

• Support for flexible charging scenarios (Roaming) 
– Charging on PEV rate plan - at home, at work 

– Charging on other utility networks 

– Using credit card or “pay as you go” 

• Support for load control 
– Grid charges vehicle 

• Support for source control 
– Vehicle powers grid 

 

 Information Requirements: 
– Vehicle and customer ID 

– State of charge, Usable energy 

– Pricing, Energy requests, Scheduling 

– Storage and Inverter functions 

 



The NIST Role 

Energy Independence and Security Act 
(2007)  

 In cooperation with the DoE, 
NEMA, IEEE, GWAC, and other 
stakeholders, NIST has “primary 
responsibility to coordinate 
development of a framework 
that includes protocols and 
model standards for information 
management to achieve 
interoperability of smart grid 
devices and systems…” 



 Plugin EVs Require Many Standards 

1547 (Distributed energy interconnection) 

Smart Energy 2.0 

 J2293 (Communication) 

 J1772 (Connector) 

61850 and 61970/61968 Information models 

  
Demand response 

 & price signaling 

 C12 (Meter) 

National Electric 

Code 

 (Enclosures) 

National 

Electric 

Safety Code 

(Battery) 



 NIST role 

PHASE 1 

Identify an initial set of 

existing consensus 

standards and develop 

a roadmap to fill gaps 

 

January 2009 2010 

 

PHASE 2 

Establish Smart Grid 

Interoperability Panel (SGIP) 

public-private forum with 

governance for ongoing efforts 

 

 

NIST Interoperability 

Framework 1.0 Draft 

Released Sept 2009 

Smart Grid  

Interoperability Panel 

established Nov 2009 

PHASE 3 

Conformity Framework 

(includes Testing and 

Certification) 

NIST Interoperability 

Framework 1.0 

Released Jan 2010 

Summer 2009 workshops 

NIST Plan for Smart Grid Interoperability 



NIST Framework and Roadmap 

http://www.nist.gov/smartgrid/ 

Conceptual Model 

• Final version 1.0 January 2010 
– Public comments on draft  

reviewed and addressed 

• Smart Grid Vision / Model 

• 75 key standards identified 
– IEC, IEEE, … 

• Priority Action Plans to  
fill gaps (some completed, new) 

• “Guidelines for Smart Grid Cyber 
Security” NISTIR 7628, published 
in September 2010 

• Release 2 revision is underway,  
with Smart Grid Interoperability 
Panel involvement 

http://www.nist.gov/smartgrid/ 



NIST Smart Grid Conceptual Model 



NIST Smart Grid Interoperability Panel 

• Public-private partnership created in Nov. 2009 

• Over 660 member organizations, 1700 participants 

• Open, public process with international participation 

• Coordinates standards development 
– Identifies Requirements 

– Prioritizes standards development programs 

– Works with over 20 SDOs including IEC, ISO, ITU, IEEE, … 

• Web-based participation 
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SGIP Twiki:  

http://collaborate.nist.gov/twiki-

sggrid/bin/view/SmartGrid/SGIP 



SGIP Organization 
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• Develop consistency in mapping communications and system 
engineering to enable vehicle to premises, and subsequently, 
vehicle to grid. 

– Within this effort, define the layers –i.e. consumer domain, facility domain, 
aggregation, grid operations domain. 

• Address EV as Source from perspective of grid needs: 
– Examine storage and inverter functions in terms of PEV grid integration 

(maintain consistency with storage standards development). 
– Examine local distribution needs and how PEVs could provide grid service.  
– Explore possibilities in terms of overall grid ancillary services/such as grid 

frequency control. 
– Explore possibilities in terms of overall wholesale energy services (i.e. fleets 

and buses). 
– Examine different arrays such as Community Energy Storage and DER on a 

more granular level.  

• Monitor pilot projects and develop repository for work 
accomplished to date.  

• Stay abreast of any SGIP Regulatory subgroup discussions that 
pertain to EV as Source. 

PEV2G DEWG - EV as Source Subgroup 
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New DRGS DEWG 



Distributed Renewables, Generators, Storage 

• DRGS DEWG initiated September 2011 

• Identify Smart Grid standards and interoperability issues/gaps for 

– Integration of renewable/clean and distributed generators and storage 

– Operation in high penetration scenarios, weak grids, microgrids, DC grids 

– Including interaction of high-bandwidth and high-inertia type devices 

• Of particular importance are Smart Grid functions that  

– mitigate impact of variability and intermittency of renewable generators  

– enable generators and storage to provide valuable grid supportive services  

– prevent unintentional islanding and cascading events for clustered devices 

• Activities of new group 

– Consistent approaches for generators/storage types and domains 

– Use cases and information exchange requirements 

– Define new PAPs to address standards gaps and issues 

• Join:  

 

http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/DRGS   

http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/DRGS
http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/DRGS
http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/DRGS
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PAPs - Filling Gaps in the Standards 

# Priority Action Plan # Priority Action Plan 
0 Meter Upgradeability Standard 9 Standard DR and DER Signals 

1 Role of IP in the Smart Grid 10 Standard Energy Usage Information 

2 Wireless Communication for the Smart 
Grid 

11 Common Object Models for Electric 
Transportation 

3 Common Price Communication Model 12 IEC 61850 Objects/DNP3 Mapping 

4 Common Scheduling Mechanism 13 Time Synchronization, IEC 61850 Objects/ 
IEEE C37.118 Harmonization 

5 Standard Meter Data Profiles 14 Transmission and Distribution Power Systems 
Model Mapping 

6 Common Semantic Model for Meter Data 
tables 

15 Harmonize Power Line Carrier Standards for 
Appliance Communications in the Home 

7 Electric Storage Interconnection Guidelines 16 Wind Plant Communications 

8 CIM for Distribution Grid Management 17 Facility Smart Grid Information 

18 SEP 1.x to SEP 2.0 Transition and Coexistence 



PAP 11: PEV Object Model Interoperability 

• Standards efforts confirmed completed by SGIP Governing Board 

– SAE J1772 Electric Vehicle Conductive Charge Coupler  

– SAE J2836 Use Cases for Communication between PEV and Grid  

• Potential new PAP being defined by PEV2G DEWG: 

– PEV Fast Charge Equipment 

 

 

 



PAP 7:  Smart Grid ES-DER Standards 

23 

SG Standards Need 
• Interconnection and object model standards needed for: 

– DER grid operational interface with dispatchable: VAR, V, F, etc. 

– support for energy storage devices (ES), including PEV 

– and hybrid generation-storage systems (ES-DER)  

PAP Major Objectives 
• Revised and updated consistent guidelines and standards: 

– Involve broad set of Stakeholders: SDOs, utilities, vendor, etc. 

– Scoping Document to determine priorities and timeline for 
standards development for spectrum of applications  

– IEEE 1547 revisions for urgent applications 

– Consistent object models for DER, ES, ES-DER in IEC 61850-7-420 

– UL, NEC-NFPA70, SAE guidelines for safe, reliable implementation 



Task 4: Develop and Harmonize Object Models 
 
 
 
 

IEC 61850-7-420:  Expanded to include  
• Multifunctional ES-DER operational interface 
• Harmonized with CIM & MultiSpeak 
• Map to MMS, DNP3, web services, & SEP 2  

 
PAP 7:  
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a)  

b) 

c) 

d 

e) 

Task 0: 
Scoping Document 

Prioritized timeline for 
ES-DER standards  

Task 1: Use Cases, 
*EPRI PV-ES Inverter 

Define requirements 
for  different scenarios 

Task 5:  Test, Safe and 
Reliable Implementation 

Implementation UL 1741, NEC-NFPA70, 
SAE, CSA and IEC 

Task 3:  Unified interconnection method with 
multifunctional operational interface for range 
of storage and generation/storage. 

 
 
 
 
    IEEE 1547.8 (a)  Operational interface 
  (b)  Storage without gen 
  (c)  PV with storage 
  (d)  Wind with storage 
  (e)  PEV as storage 
 
 
  

 

Task 2: IEEE 1547.4 for island applications  
    and  IEEE 1547.6 for secondary networks 

PAPs  

MIC Info exchanges 

 
PAP 7: Task Interactions 

 



1547- 2008 Standard for Interconnecting Distributed Resources  
with Electric Power Systems 

1547.1 - 2005 Standard for Conformance Test Procedures for Equipment 
Interconnecting DR with EPS  

1547.2 - 2008 Application Guide for IEEE 1547 Standard for Interconnection of 
DR with EPS 

1547.3 -  2007 Guide for Monitoring, Information Exchange and Control of DR 

C
u

rr
e

n
t 

1
5

4
7

 P
ro

je
ct

s 

P1547.4 Guide for Design, Operation, & Integration 
of Distributed Resource Island Systems with EPS 

P1547.6 Recommended Practice for Interconnecting 
DR With EPS Distribution Secondary Networks 

P1547.5 Guidelines for Interconnection of EPS >10 
MVA to the Power Transmission Grid  

Microgrids 

http://grouper.ieee.org/groups/scc21/index.html 

P1547.7 Draft Guide to Conducting Distribution 
Impact Studies for DR Interconnection 

P1547.8 (new) 
Extension of 1547, 
e.g. grid support, energy 
storage, ride-thru, etc.   

 
IEEE 1547 Interconnection Standards 

 



Identify 
Needed  

Functions 

Represent 
Information in 

Standard 
Information 

Model 
 (IEC 61850) 

DNP3 

Smart 
Energy 
Profile 

MMS, 
Web 

Services, 
Other 

Map to 

Protocols 

Select a 
Specific Way to 

Implement 
each Function 

Interest Group, 
Demonstrations, 
PAP7, IEEE 1547 

Focus 
Group, 
Others? 

Focus Group, 
IEC Working Group 

Standards Groups, 
Funded Efforts 

 EPRI/Sandia NL Smart Inverter Initiative 



EPRI/SNL Smart Inverter Functions 

Phase 1 Functions: 

• Connect/Disconnect – Non Islanding 

• Max Generation Level Control 

• Smart VAR Management and PF 

• Storage Management 

• State/Status Monitoring 

• Event Logging 

• Time Adjustment 

 

Status: 

• Detailed Function Definition Complete 

• Representation in Terms of IEC 61850 

Complete (contributions made to IEC) 

• DNP3 Mapping Completed 

• Smart Energy Profile Mapping in 

Process 

Phase 2 Functions: 

• Voltage Sag Ride-Through 

• Autonomous Watt-Voltage 

Management (transient and steady-

state) 

• Autonomous Watt-Frequency 

Management 

• Islanding 

• Additions to State/Status Monitoring 

 

Status: 

• In process in coordination with IEEE 

P1547.8 and NIST PAP7  

• Will be Added to the DNP3, SEP2, and 

other protocol mappings 

courtesy: Brian Seal (EPRI) 



EPRI/SNL Volt-Var Control Function 
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courtesy: Brian Seal (EPRI) 
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EPRI/SNL Watt-Frequency/Voltage Control 

courtesy: Brian Seal (EPRI) 



• IEC 61850 – Interface Standard of Object Models for Utility 
Industry 
– Very modular 
– Establishes “well-known” standardized names, data formats, and services 
– Initially focused on substation automation, but now being expanded  
– IEC 61850 object modeling constructs: 

 

• IEC 61850-7-420 for DER 
– General DER management 
– Photovoltaic systems 
– Fuel cells 
– Diesel generation 
– Combined heat and power 
– Battery storage 
 

• Working on Edition 2 to reflect PAP 7 and PEV requirements 

courtesy: Frances Cleveland (Xanthus Consulting International) 

Logical Nodes 

Common Data Class 

Common Components 

Standard Data Types 

Logical Nodes (LN) 

Common Data Classes (CDC) 

Common Attributes 

Logical Devices (LD) 

Data Objects (DO) 

IEC 61850 Object Models 



Contact Information 

George Arnold 

National Coordinator for Smart Grid Interoperability 
george.arnold@nist.gov 

 
David Wollman                               Dean Prochaska 

david.wollman@nist.gov          dean.prochaska@nist.gov  
 

Al Hefner  

   Allen.hefner@nist.gov   

 

 

US Government Smart Grid Website:  

http://www.smartgrid.gov/ 

NIST Smart Grid Website:  

         http://www.nist.gov/smartgrid/  

NIST SGIP Collaborative Twiki site:  

         http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/  

 

 

 

mailto:george.arnold@nist.gov
mailto:david.wollman@nist.gov
mailto:dean.prochaska@nist.gov
mailto:Allen.hefner@nist.gov
http://www.smartgrid.gov/
http://www.smartgrid.gov/
http://www.nist.gov/smartgrid/
http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/
http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/
http://collaborate.nist.gov/twiki-sggrid/bin/view/SmartGrid/


Backup Charts 

 



Communication Protocol Layers 

OSI RA Common Usage Examples 
Abstract Object Models 
Information exchanged  
end-to-end from host 
application to end device 

“Layer 8” IEC 61850, CIM, BACnet 

Abstract models including both  
• nouns (data objects)  
• verbs (messaging requirements) 

Application Layer Application 
Layers 

MMS, SEP v2, Web Services, DNP3, 
BACnet 

Maps the abstract model to bits and 
bytes, including the semantics 

Presentation Layer 
Session layer 

Transport Layer Transport 
Layers 

TCP/IP, Ethernet 

Transport protocols − doesn’t care 
about data semantics 

Network Layer 
Link Layer 

Physical Layer Phy/MAC Layer IEEE 802.xx wireless, power line 
carrier,  fiber optics, etc.  

Links the Link Layer with the physical 
media 



• SEP v2   − one of preferred application layer protocols            
             in U.S. consumer sites (especially residential) 

– mappings of CIM and 61850 to it  
– PEV models being developed within it 

 
• MMS     − IEC standard may be adopted internationally 

 
• BACnet − preferred application layer protocol for               

             HVAC and building automation  
– many existing and planned applications  
– must be supported with gateway and mapping 
– especially commercial and industrial 

AHAM (Association of Home Appliance Manufactures) recent survey 
identified SEP v2 as top application layer protocol. Appliances are lowest 
cost, highest volume HAN devices so may determine base level ESI.  

Application Layer for Consumer Domain 



• It is generally agreed that Consumer Network will be IP-based  
– IPv4 or IPv6 for Network, and TCP/UDP for Transport 

– IPv6 recommended for future large address space  
 

• Phy/MAC will include multiple protocols  
– Wireless – many such as IEEE 802 family, including broadband (Wi-fi 

802.11a/b/g/n) and narrowband (802.15.4 ZigBee and SUN).  

– Twisted pair and phone lines – twisted pair uses Ethernet protocol, 
while phone lines use xDSL and PPP protocols.  

 A major issue is that most houses do not have pre-wired twisted paired 
for Ethernet. 

– Power line carrier (PLC) – including broadband (IEEE P1901, ITU-T 
G.9960, 9961), and narrowband (IEEE P1901.2 and ITU-T G.hnem, both 
still under development and require further harmonization) 

 Coexistence issues exist and are still being resolved between the many 
different PLC protocols. 

– Need to narrow down to a few for base level ESI and add advanced 
protocols with adapter as needed. 

 

Transport and Physical Layers 


