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In this presentation
► Context: State energy-related priorities and potential state roles
► Electricity systems and modern grids
► State policies, grid challenges and opportunities
► Electricity system planning: activities, technologies and considerations
► Extra slides

◼ Example state objectives for distribution planning
◼ Example state requirements for distribution planning
◼ Resources for more information

Disclaimer 
This document was prepared as an account of work sponsored by the United States Government. While this document is believed to contain 
correct information, neither the United States Government nor any agency thereof, nor The Regents of the University of California, nor any of 
their employees, makes any warranty, express or implied, or assumes any legal responsibility for the accuracy, completeness, or usefulness 
of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference 
herein to any specific commercial product, process, or service by its trade name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof, or The Regents of 
the University of California. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States 
Government or any agency thereof, or The Regents of the University of California. 

Ernest Orlando Lawrence Berkeley National Laboratory is an equal opportunity employer. 



Snapshot of energy-related priorities
From Day 1 of NGA Energy Policy Institute 

State priorities have 
strong links to planning 
for modern grids.

COVID-19
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Potential state roles in planning modern grids

► Lead by example 
◼ Statewide energy planning
◼ Studies and pilots in publicly owned 

buildings

► Standards and protocols
◼ Data access, privacy, interoperability, 

cybersecurity

► Requirements or guidance for 
state-regulated utilities
◼ Value to customers 
◼ Enhanced analytical methods and 

practices
◼ Identify barriers and solutions 

► Executive branch initiatives
► Legislative action 

Source: National Governors Association
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Electricity systems 

Source: U.S. Department of Energy

https://www.energy.gov/eere/solar/systems-integration


What is a modern grid?

Source: U.S. Department of Energy’s Grid Modernization Multi-Year Program Plan

Quick recovery 
from any situation 
or power outage

Improves power 
quality and fewer 
power outages

Responds to variability 
and uncertainty of 
conditions

Increases protection 
of  critical 
infrastructure

Facilitates broader 
deployment of 
clean generation 
and efficient end-
use technologies

Maintains 
reasonable costs 
to consumers

http://energy.gov/sites/prod/files/2016/01/f28/Grid%20Modernization%20Multi-Year%20Program%20Plan.pdf
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Example grid modernization principles: Hawaii
HRS § 269-145.5(b) – In advancing the public interest, the commission shall balance 
technical, economic, environmental, and cultural considerations associated with modernization 
of the electric grid, based on principles that include but are not limited to [emphasis added]:
• Enabling a diverse portfolio of renewable energy resources;
• Expanding options for customers to manage their energy use;
• Maximizing interconnection of distributed generation to the State’s electric grids on a cost-

effective basis at non-discriminatory terms and at just and reasonable rates, while maintaining the 
reliability of the State's electric grids, and allowing such access and rates through applicable rules, 
orders, and tariffs as reviewed and approved by the commission;

• Determining fair compensation for electric grid services and other benefits provided to 
customers and for electric grid services and other benefits provided by distributed generation 
customers and other non-utility service providers; and

• Maintaining or enhancing grid reliability and safety through modernization of the electric grids.

Order 32491 – The Commission adopted additional principles related to:
• Grid platforms for new products, services, opportunities for distributed energy resources (DERs) 
• Optimization of grid assets and resources to minimize total system costs
• Greater customer engagement and options for consuming and providing energy services 
• Enhancing safety, security, reliability, and resilience at fair and reasonable costs
• Comprehensive, transparent and integrated distribution system planning

https://www.capitol.hawaii.gov/hrscurrent/Vol05_Ch0261-0319/HRS0269/HRS_0269-0145_0005.htm
https://dms.puc.hawaii.gov/dms/DocumentViewer?pid=A1001001A17A05B01613H26476
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State policies, grid challenges and opportunities
► State policies 

◼ Efficiency (30 states) and renewable energy targets (29 states)
◼ Clean energy targets (12 states)
◼ Storage policies (>15 states; also see PNNL policy database)
◼ Electrification plans—e.g., CA, MA, MN, NY, VT
◼ Greenhouse gas reduction goals (at least 15 states)

► Challenges
◼ Growth in peak demand
◼ Infrastructure constraints for transmission and distribution 

systems
◼ Increase in variable generation—utility-scale and DERs
◼ Cybersecurity
◼ Maintaining affordability of essential electricity services

► Opportunities
◼ Lower technology costs and improved functionality
◼ Engaging consumers
◼ Business practices and strategies—utilities, vendors and 

service providers 
◼ State lead by example
◼ Utility, state, and local pilots and programs
◼ Improved planning processes

8

https://emp.lbl.gov/publications/future-us-electricity-efficiency
https://emp.lbl.gov/publications/us-renewables-portfolio-standards-2
https://www.c2es.org/document/clean-energy-standards-state-and-federal-policy-options-and-considerations/
https://link.springer.com/content/pdf/10.1007%2Fs40518-019-00128-1.pdf
https://energystorage.pnnl.gov/regulatoryactivities.asp
https://aceee.org/sites/default/files/electrification-dc.pdf
https://www.ncsl.org/research/energy/greenhouse-gas-emissions-reduction-targets-and-market-based-policies.aspx
https://www.energy.gov/national-security-safety/cybersecurity
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Electricity planning activities
► Distribution planning - Assess needed physical 

and operational changes to local grid
◼ Annual distribution planning process

• Identify and define distribution system needs
• Identify and assess possible solutions
• Select projects to meet system needs

◼ Long-term utility capital plan
• Includes solutions and cost estimates, typically over 

a 5- to 10-year period, updated every 1 to 3 years

► Integrated resource planning - Identify future 
investments to meet bulk power system reliability 
and public policy objectives at a reasonable cost
◼ Can consider scenarios for loads and distributed 

energy resources and impacts on need for, and 
timing of, utility resource investments

◼ For states with vertically integrated utilities
► Transmission planning – Identify future 

transmission expansion needs and options
Also: energy efficiency, demand-side management, and electrification plans



Integrated grid planning

See DOE’s Modern Distribution Grid initiative 

http://www.doe-dspx.org/
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Planning in the face of uncertainty
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Planning with new technologies (1)

► Energy storage can provide grid services throughout the electricity system.

Source: Patrick Balducci, “Fundamentals of Energy Storage Valuation” (2020)

https://starw1.ncuc.net/NCUC/ViewFile.aspx?Id=62c03e34-aff1-4a22-854d-49bc86a248ab
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Planning with new technologies (2)

► Hybrid power plants
◼ Fossil, solar, or wind plus storage

► Distributed energy resources
◼ Resources sited close to customers 

that can provide some or all of their 
power needs; can reduce demand or 
provide supply to satisfy grid needs

◼ Distributed generation, storage, 
energy efficiency and demand 
response

Source: Berkeley Lab

https://emp.lbl.gov/publications/hybrid-power-plants-status-installed
https://emp.lbl.gov/online-hybrid-and-energy-storage-projects
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Planning with new technologies (3)

► Grid-interactive efficient buildings use smart technologies and DERs to provide demand 
flexibility while co-optimizing for energy cost, grid services, and occupant needs and preferences 
in a continuous and integrated way
◼ Smart technologies to manage DERs - advanced controls, sensors, models, and analytics
◼ Demand flexibility - Capability of DERs to adjust a building’s load profile across different 

timescales, including:
• Load shed: Reduce electricity use for a short time and typically on short notice
• Load shift: Change timing of electricity use

► Distribution system technologies—Geographic Information System, Outage Management System, 
Distribution Automation, Volt-var Optimization, and Advanced Distribution Management System that can 
integrate these components, plus Advanced Metering Infrastructure and DER Management Systems 

Source: Neukomm et al. 2019 

https://www.energy.gov/eere/buildings/grid-interactive-efficient-buildings
https://gridarchitecture.pnnl.gov/media/Modern-Distribution-Grid_Volume_II_v2_0.pdf
https://www1.eere.energy.gov/buildings/pdfs/75470.pdf
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Valuing demand flexibility in planning 

► Value of a single “unit” (e.g., kW, kWh) of grid service provided by demand 
flexibility is a function of: 
◼ timing of the impact on load profiles – sub-hourly, daily, monthly, and seasonally 
◼ location
◼ grid services provided
◼ expected service life (persistence)
◼ avoided cost of 

least expensive
alternative providing 
comparable grid 
service

Determining Utility System Value of Demand Flexibility From Grid-interactive Efficient Buildings

https://emp.lbl.gov/publications/determining-utility-system-value
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Why may states be interested in distribution 
planning? 

► Distribution system 
investments account 
for the largest portion 
(29%) of capex for 
U.S. investor-owned 
utilities: $39B 
(projected) in 2019

Source: Edison Electric Institute

https://www.eei.org/resourcesandmedia/industrydataanalysis/industryfinancialanalysis/QtrlyFinancialUpdates/Documents/EEI_Industry_Capex_Functional_2019.07.17.pptx
https://www.eei.org/issuesandpolicy/Finance%20and%20Tax/EEI_Industry_Capex_Functional_2019.10.16.pdf
https://www.eei.org/resourcesandmedia/industrydataanalysis/industryfinancialanalysis/QtrlyFinancialUpdates/Documents/EEI_Industry_Capex_Functional_2019.07.17.pptx


States are responding to a variety of drivers for distribution 
planning.

More DERs deployed — costs down, policies, new business models, consumer interest

Resilience and reliability (e.g., storage, microgrids)

More data and better tools to analyze data

Aging grid infrastructure and utility proposals for grid investments

Need for greater grid flexibility in areas with high levels of wind and solar

Interest in conservation voltage reduction and volt/VAR optimization

Non-wires alternatives to traditional solutions may provide net benefits to customers
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Elements of distribution plans considering DERs

► Baseline information on current state of distribution system 
◼ System statistics, reliability performance, equipment condition, historical spending by category

► Description of planning process
◼ Load forecast—peak demand for feeders and substations
◼ Risk analysis for overloads and mitigation plans
◼ Budget for planned capacity projects

► Distribution operations—vegetation and event management

► DER forecast—Types and amounts

► Hosting capacity analysis—the amount of DERs (typically solar PV) that can be interconnected to the 
distribution system without adversely impacting power quality or reliability under existing control and 
protection systems and without infrastructure upgrades 

► Non-wires alternatives analysis (next slide)

► Grid modernization strategy—may include request for certification for major investments

► Action plan
► Additional elements may include coordination with integrated resource planning, stakeholder and 

customer engagement, and proposals for pilots
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Considering non-wires alternatives

► Non-wires alternatives (NWA) are options for meeting distribution (and 
transmission) system needs related to load growth, reliability and resilience.
◼ Single large DER (e.g., battery) or portfolio of DERs that can meet the specified need

► Objectives: Provide load relief, address voltage issues, reduce interruptions, enhance 
resilience, or meet generation needs

► Potential to reduce utility costs
◼ Defer or avoid infrastructure upgrades 
◼ Implement solutions incrementally, offering a 

flexible approach to uncertainty in load 
growth and potentially avoiding large upfront 
costs for load that may not show up

► Typically, the utility issues a competitive 
solicitation for NWA for specific distribution 
system needs and compares these bids to planned traditional grid investments (e.g., 
distribution substation transformer) to determine the lowest reasonable cost solution.

► DERs must be in the right place and operate at the right time to meet grid needs. The 
value of DERs for the distribution system depends on location.
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Evolution in distribution planning practices

Source: Xcel Energy, Integrated Distribution Plan, Nov. 1, 2019

https://www.xcelenergy.com/staticfiles/xe-responsive/Company/Rates%20&%20Regulations/IntegratedDistributionPlan.pdf
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Contact 

Lisa Schwartz, Deputy Leader
Electricity Markets and Policy Department

Berkeley Lab
(510) 486-6315; lcschwartz@lbl.gov

https://emp.lbl.gov/
Click here to stay up to date on our publications, webinars

and other events and follow us @BerkeleyLabEMP

mailto:lcschwartz@lbl.gov
https://emp.lbl.gov/
http://visitor.r20.constantcontact.com/manage/optin?v=001kdAkoVU6ITzX4UcDVi5Hi_3_6nou7uI7jLuglvRGnAWeLqnwLWUxGdnPXbNb0OwVLhS039Ihlxai4hVKbyUwxjmPCETCnBV56yFq_eMIjHXLe_3iMBWmg009whFsKqVIX12TJ5wE6E63jmMEfQC6JKXdXN2UgQTl
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Extra Slides
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Example state objectives for distribution planning 

► Michigan: Safety, reliability and resiliency, cost-effectiveness and 
affordability, and accessibility (order in U17990 and U-18014 dockets)

► Nevada: “reductions or increases in local generation capacity needs, avoided or 
increased investments in distribution infrastructure, safety benefits, reliability 
benefits and any other savings the distributed resources provide to the electricity 
grid for this State or costs to customers of the electric utility or utilities.” (SB 146)

► Minnesota Stat. §216B.2425: “…enhancing reliability, improving security against 
cyber and physical threats, and by increasing energy conservation opportunities 
by facilitating communication between the utility and its customers through the 
use of two-way meters, control technologies, energy storage and microgrids, 
technologies to enable demand response, and other innovative technologies.” 
◼ Public utility commission objectives (8/30/18 order in Docket 18-251):

 Maintain and enhance the safety, security, reliability, and resilience of the electricity grid, at fair 
and reasonable costs, consistent with the state’s energy policies.

 Enable greater customer engagement, empowerment, and options for energy services.
 Move toward the creation of efficient, cost-effective, accessible grid platforms for new products 

and services, with opportunities for adoption of new distributed technologies.
 Ensure optimized use of electricity grid assets and resources to minimize total system costs.

https://mi-psc.force.com/sfc/servlet.shepherd/version/download/068t0000001URMSAA4
https://www.leg.state.nv.us/App/NELIS/REL/79th2017/Bill/4982/Text
https://www.revisor.mn.gov/statutes/cite/216B.2425
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId=%7bF05A8C65-0000-CA19-880C-C130791904B2%7d&documentTitle=20188-146119-01
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Example state requirements*

*This list is growing and not all-inclusive.

► Distribution system plans
California, Delaware, Indiana, Hawaii, Maine, Maryland, Michigan, 
Minnesota, Nevada, New York, Rhode Island, Virginia

► Grid modernization plans 
California, Hawaii, Oregon, Massachusetts, Minnesota, 
Ohio
◼ Utilities in several other states have filed grid modernization 

plans even absent requirements (GA, NC, SC, TX).

► Hosting capacity analysis 
California, Minnesota, Nevada, New York, Hawaii

► Non-wires alternatives 
CA, CO, DC, HI, MD, ME, MN, NV, NY, RI

► Benefit-cost handbook or guidance 
Maryland, Nevada, New York, Rhode Island

http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M209/K858/209858586.PDF
https://delafile.delaware.gov/CaseManagement/DocketSheet.aspx?MatterNo=18-0935&Type=Docket&ViewDocketPage=ViewDocketPage
http://www.in.gov/legislative/iac/T01700/A00040.PDF?
https://www.hawaiianelectric.com/Documents/about_us/investing_in_the_future/dkt_2016_0087_20170104_order_34281.pdf
https://legislature.maine.gov/legis/bills/bills_129th/chapdocs/PUBLIC298.rtf
http://www.psc.state.md.us/wp-content/uploads/Order-No.-87884-Case-No.-9418-Pepco-Rate-Case.pdf
https://mi-psc.force.com/sfc/servlet.shepherd/version/download/068t0000003FSF2AAO
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId=%7bF05A8C65-0000-CA19-880C-C130791904B2%7d&documentTitle=20188-146119-01
http://pucweb1.state.nv.us/PDF/AxImages/DOCKETS_2015_THRU_PRESENT/2017-8/33255.pdf
http://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefId=%7b3548DA1A-828E-4255-A6AF-908117A4DF1E%7d
http://www.ripuc.ri.gov/eventsactions/docket/4684-LCP-Standards_7-27-17.pdf
https://lis.virginia.gov/cgi-bin/legp604.exe?181+sum+SB966
http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M212/K432/212432689.PDF
https://dms.puc.hawaii.gov/dms/DocumentViewer?pid=A1001001A18G12B05711C00464
http://apps.puc.state.or.us/orders/2012ords/12-158.pdf
https://eeaonline.eea.state.ma.us/DPU/Fileroom/dockets/bynumber
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId=%7b103F1565-0000-C21D-B43D-24C097C567A3%7d&documentTitle=20188-145582-01
https://www.puco.ohio.gov/industry-information/industry-topics/powerforward/powerforward-a-roadmap-to-ohios-electricity-future/
http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M103/K223/103223470.pdf
https://www.edockets.state.mn.us/EFiling/edockets/searchDocuments.do?method=showPoup&documentId=%7bF05A8C65-0000-CA19-880C-C130791904B2%7d&documentTitle=20188-146119-01
http://pucweb1.state.nv.us/PDF/AxImages/DOCKETS_2015_THRU_PRESENT/2017-8/33255.pdf
http://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M103/K223/103223470.pdf
https://www.hawaiianelectric.com/clean-energy-hawaii/integration-tools-and-resources/locational-value-maps
http://www.solarwakeup.com/wp-content/uploads/2018/11/MDVoSReportFinal11-2-2018.pdf
http://pucweb1.state.nv.us/PDF/AxImages/DOCKETS_2015_THRU_PRESENT/2017-8/33255.pdf
http://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefId=%7bF8C835E1-EDB5-47FF-BD78-73EB5B3B177A%7d
http://www.ripuc.org/eventsactions/docket/4600A-GuidanceDocument-Final-Clean.pdf
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U.S. Department of Energy’s (DOE) Modern Distribution Grid guides 

Integrated Distribution Planning: Utility Practices in Hosting Capacity Analysis and Locational Value 
Assessment, by ICF for DOE, 2018

Alan Cooke, Juliet Homer, Lisa Schwartz, Distribution System Planning – State Examples by Topic, Pacific 
Northwest National Laboratory and Berkeley Lab, 2018

Juliet Homer, Alan Cooke, Lisa Schwartz, Greg Leventis, Francisco Flores-Espino and Michael Coddington, 
State Engagement in Electric Distribution Planning, Pacific Northwest National Laboratory, Berkeley Lab and 
National Renewable Energy Laboratory, 2017 

Tom Eckman, Lisa Schwartz and Greg Leventis, Determining Utility System Value of Demand Flexibility From 
Grid-interactive Efficient Buildings, Berkeley Lab, 2020

T. Woolf, B. Havumaki, D. Bhandari, M. Whited and L. Schwartz. Benefit-Cost Analysis for Utility-Facing Grid 
Modernization Investments: Trends, Challenges and Considerations. Lawrence Berkeley National Laboratory 
(forthcoming — email me to request the draft)

Berkeley Lab’s Future Electric Utility Regulation reports, including:
Utility Investments in Resilience of Electricity Systems, The Future of Transportation Electrification, Regulatory Incentives 
and Disincentives for Utility Investments in Grid Modernization, The Future of Electricity Resource Planning, Performance-
Based Regulation in a High DER Future

More from Berkeley Lab:
Reliability and resilience
Renewable energy
Energy efficiency
Time- and locational-sensitive value of DERs

Resources for more information

http://www.doe-dspx.org/
https://static1.squarespace.com/static/5b736be575f9eeb993c4d5f1/t/5b8f4055032be49d0ccfd2bf/1536114780361/ICF+DOE+Utility+IDP+FINAL+July+2018+%28003%29.pdf
https://epe.pnnl.gov/pdfs/DSP_State_Examples-PNNL-27366.pdf
https://emp.lbl.gov/publications/state-engagement-electric
https://emp.lbl.gov/publications/determining-utility-system-value
https://emp.lbl.gov/projects/feur/
https://emp.lbl.gov/publications/utility-investments-resilience
https://emp.lbl.gov/publications/future-transportation-electrification
https://emp.lbl.gov/publications/regulatory-incentives-and
https://emp.lbl.gov/publications/future-electricity-resource-planning
https://emp.lbl.gov/publications/performance-based-regulation-high
https://emp.lbl.gov/research/electricity-reliability
https://emp.lbl.gov/research/renewable-energy
https://emp.lbl.gov/research/energy-efficiency
https://emp.lbl.gov/projects/time-value-efficiency
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