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What Have We Learned? 



• Smart grid can engage many,  
quickly, but it’s only an enabler. 

• Smart grid will not increase  
energy efficiency, renewable energy or emissions 
reductions without smart policies. 

• Without the right policies, smart grid may divert 
attention and funds from clean energy 
investments that can be made today. 

– Ask which technologies, programs, policies and rules 
must be in place to get asserted benefits. 
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RAP’s Message to Policymakers 



What Is a Smart Grid? 

• An interconnected system of information and 
communication technologies that works with 
other technologies throughout the electricity 
system that can do good things:  

– Help consumers manage their energy use  

– Increase system reliability through automation  

– Improve integration of clean energy resources 

• Distinguishing features of smart grid from 
standard practice: (1) engaging the customer and 
(2) integrating supply and demand 
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Adapted from Roger Levy, lead consultant, Lawrence Berkeley National Laboratory (LBNL) Smart Grid 
Technical Advisory Project 



Why Invest in Smart Grid?  

• Reduced labor costs  

– Meter reading, outage management 

• Enhanced reliability 

• Peak load management  

– Reduced energy, capacity, and transmission & distribution costs 

• Ability to control (“dispatch”) large new loads 

–  Including electric vehicles 

• Reduced energy consumption 

– Automation and behavioral changes that complement energy 
efficiency programs 

• Interconnect, balance and deliver renewable resources  

• Reduced emissions 
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US Federal Support for Smart Grid 

Smart Grid Investment 
Grants - $3,400 

Smart Grid Regional 
Demonstrations - $615 

Standards/Interoperability* 
Framework - $10 

Subset of funding for state 
regulators ($50) and state 
planning ($55) 
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Smart Grid Systems and 
Equipment Funded 

Number of 
Units 

Networked Phasor 
Measurement Units 

877 

Smart Transformers 205,983 

Automated Substations 671 

Load Control Devices 176,814 

Smart Thermostats 170,218 

Smart Meters 18,179,912 

In-Home Display Units 1,183,265 

Electric Vehicle  
Charging Stations 

100 

Funding (millions) 

*The ability of systems or products to work 
with other systems or products without 
special effort by the customer 
 
 

This slide reflects only federal funding, not other 
public and private investment. 



Potential Energy and CO2 
Reductions in US in 2030 
• Conservation effect of enhanced consumer feedback (3%) 

• Continuous building diagnostics (3%) 

• More accurate measurement and verification that uncovers 
additional cost-effective energy efficiency measures (1%) 

• Shift load to more efficient power plants (<0.1%) 

• Support electric vehicles (EVs) without adding to peak load (3%)* 

• Advanced voltage control that reduces distribution system losses and some 
consumer loads (2%) 

12% TOTAL REDUCTION DUE TO SMART GRID (incremental benefit) 
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Big caveats:  
• Assumes 100% installation of the smart grid technologies required to get these benefits 

─ Lower penetration of technologies yields proportionately smaller reductions 
• Does not consider cost-effectiveness 
USDOE-funded study by Pacific Northwest National Laboratory 
 

*EV impact assumes that managed charging enables 9% more EVs, and EVs use 30% less energy than 
standard light-duty vehicles. Savings translated into equivalent reduction in electric sector energy. 



How could smart grids 
help achieve clean energy goals? 
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Smart Grid and Energy Efficiency: 
Two Examples 

• Optimize voltage and 
reactive power on 
distribution systems to 
reduce line losses and 
end-use consumption 
– Conservation voltage 

reduction (CVR) does not 
require smart grid 

– But smart grid’s real-time 
data communication and 
remote control enables 
precise voltage control  

• CVR savings 
– 1-3% reduction in energy use  

– 1-4% peak load reduction 

– Most energy savings: end-use 
equipment at lower voltage 

– Cost is low (2/3 of potential 
savings in NW US <$30/MWh) 

– Incremental impact of smart 
grid for CVR estimated at 2%; 
studies needed to confirm 
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Savings Mechanism 1 What US Has Learned 

Estimates from Electric Power Research 
Institute, Northwest Energy Efficiency Alliance, 
Northwest Power and Conservation Council 



• Information-driven 
behavior changes 

– Customized analysis, 
comparisons, alerts & 
recommendations to 
consumers via Web, in-
premise devices, phone, 
e-mail, standard mail 

– Advanced meter data 
can improve 
recommendations for 
reducing energy and 
demand 

 

• Savings estimates from 
various feedback 
mechanisms vary widely* 

– Home energy reports: ~3% 
• Delivered via mail or Web 

• No smart grid needed, but 
advanced meters improve data 

– Recent surveys of all types 
of feedback mechanisms 
• ACEEE: 4% to 12% 

• EPRI: negative to 18% 

– In-home displays  
• 7% for after-the-fact billing; 

about twice that for pre-
payment (Brattle Group) 
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Savings Mechanism 2 What US Has Learned 

*References in Is It Smart if It’s Not Clean? Part 2 



Smart Grid and Distributed Resources 

• Dynamically integrate distributed generation and energy 
storage with other resources and loads  

– Minimize losses, provide voltage  support and improve reliability 

• Microgrids – Interconnected  
network of loads, generation,  
and energy storage that works  
connected to or separate from grid 

• Electric vehicles 

– Charge off-peak 

– Provide energy storage and ancillary services 

– Require advanced meters, smart rates and smart controls 
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Smart Grid and Utility-Scale Renewables 

• Dynamic integration of wind 
and solar 

– Real-time awareness and 
control of grid conditions 

• In a least-cost, high-
renewables future, demand 
responds to supply 

– Demand response can help 
integrate wind at less cost 
than new thermal plants 

– Right-time charging and 
discharging of EVs 

 

Synchrophasors in US 

• Provide real-time information 
on variable energy resources 
and their impact on the grid 
– Identify precursor conditions to 

poor grid performance 

– Identify changes in operating 
procedures and actions for 
integrating wind and solar 

• 161 PMUs as of March 2009* 

• US DOE targets  
– By 2013, 1,043 networked PMUs 

(nearly 100% coverage of grid) 

– By 2015, 50% of grid operators 
have procedures that incorporate 
synchrophasor measurements 
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*North American Synchrophasor Initiative 



Smart Grid and Demand Response - 1 
• Utilities dispatch flexible power generators  

when supply & demand are out of balance. 

– Opportunity costs to holding reserves 

– Rapid changes in output increase  
wear and tear on equipment 

• Demand response with thermal storage  

– Absorb unexpected changes in load and  
renewable energy generation 

– Commercially available technologies that add communication and 
control capability to enable and disable electric water and space heaters 
for fast response 

– Requires high-speed, two-way communication infrastructure 

• Air-conditioning and municipal water pumping are other examples 
of loads that can respond to changes in wind and solar generation. 
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Smart Grid and Demand Response - 2 

• Time of Use (TOU) 
– Prices for on/off peak, shoulder 

are fixed a year in advance 

• Critical peak pricing (CPP)* 
– High prices during high-cost 

hours on perhaps 10 to 15 event 
days each year 

• Real time pricing (RTP) 
– Prices vary at least hourly 

– Day- or hour-ahead notification 

• Variable peak pricing (VPP) 
– Hybrid of TOU and RTP 

– Fixed on-/off-peak periods 

– On-peak rate varies every day 

• Combinations (e.g., TOU-CPP) 

• Residential customers in 
aggregate respond to price 
– Some respond a little, some a lot 

– Including low-income households 

– Large users yield larger reductions 

• Response to pricing > response 
to participation payments 

• Most residential participants on 
dynamic pricing like it 

• Opt-out recruitment gets far 
higher participation than opt-in 
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Time-Varying Pricing What US Has Learned 

*Peak time rebates: Participant receives a credit for 
reducing demand during critical peak events 
without consequence for failing to act. Free rider, 
customer baseline, revenue and other issues. 
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Metering Systems – A Connection to Customers 

• Advanced metering infrastructure  

– Solid-state digital meters that collect data  
at least hourly, with 2-way communication  
between the meter and the utility 

• “Smart” meters go further, incorporating home area network 
and enhanced communication and software systems to 
enhance demand response and other functions. 

• Interval meter data and communications enable: 

– Dynamic pricing peak reductions (technology can automate) 

– Improved outage response cost savings and happy customers 

– Next day or real-time usage data improved customer feedback 

– Continuous building diagnostics alerts for abnormal operation 

– Better M&V for energy efficiency cheaper, faster, more accurate 
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Status of Advanced Electric Meters in US 
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8.7% Meters that record 
usage at hourly 
intervals or more 
frequently and 
provide data to 
energy companies 
and consumers at 
least once daily; 
includes some 
meters with 1-way 
communication 
 

4.7% 

More recent figures 
• 19 million advanced electric meters already installed in US 
• Total installed + approved = 43 million (>1/4 of all US electric meters) 
Chris King, eMeter (www.emeter.com) 

2009 2007 2005 

12.5 million meters 

0.7% 

Federal Energy Regulatory Commission 2010 Survey 
 



Automation Improves Demand Response  

• Types 
─ Customer-programmable communicating  

thermostats  

─ Smart appliances 

─ Plug-load devices 

─ Energy management systems/services 

• Benefits 
─ Increases magnitude and reliability of  

customer response 

─ Provides “set it and forget it” energy management 

─ Necessary for dispatch of day-ahead and  
day-of demand response 

─ Necessary for integration of electric vehicles,  
distributed renewable resources and  
smart grid operations 
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Adapted from Ron Hofmann and Roger Levy, consultants to LBNL 



We have run a lot of time-varying pricing pilots 
Peak Load Reductions by Rate Design 

 

17 Ahmad Faruqui, Ryan Hledik and Sanem Sergici, “Rethinking Prices,” Public Utilities Fortnightly, 
January 2010, http://www.fortnightly.com/uploads/01012010_RethinkingPrices.pdf 

http://www.fortnightly.com/uploads/01012010_RethinkingPrices.pdf


Example: Pacific Gas & Electric 
(California) SmartRate™ 

• Highest enrollment of any residential dynamic pricing tariff in US 
(25,500 customers)  

– Voluntary, opt-in recruitment 

– Running three years 

• Overlay surcharges/credits on standard 5-tier, inclining block rates 

– Prices vary by time of day only on up to 15 summer days, May 1-Oct. 1 

• 60¢/kWh adder from 14.00 to 19.00  

• Remaining summer hours priced slightly lower than standard rates 

• Notification by 15.00 preceding day 

• Participants can have utility cycle their central air conditioning (AC) 
on event days 

• Bill protection for 1st full summer  
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Stephen George, et al., Freeman Sullivan & Co. 



PG&E SmartRate:  
2010 Results - 1 
• Average reduction: 14.1%  

(0.26 kW) 

– Similar to summer 2009: 15% 

– Range: 5.7% (0.11 kW) for  
1st event to 22.8% (0.47 kW)  

• On utility’s peak day, 
participants reduced electricity use 21.3% across 5-hour critical peak 

• Average load reduction was 25% higher for customers successfully 
notified four ways, compared with a single notification channel  

• Air conditioning ownership is a strong driver of demand response  

• Average demand reduction for participants with utility control of AC 
is about 23% higher than other participants with AC 
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PG&E SmartRate: 2010 Results - 2 

• Vast majority of participants (88%) saved money  

– $53 (8.2%) on average on summer electricity bills 

– Ranged from loss of $10 to gain of $180 for 90% of participants 

• Load reductions persist  
– Multiple-day events and multi-year participants 

• Bill protection reduces customer response about ~25% 

• Payment plans do not affect customer response 

• Vast majority of participants stick with program 

• Participants will be moved to new Peak Day Pricing tariff 
late this year; others will be able to enroll 
– On/off peak prices weekdays year-round + summer critical peak overlay 

– PG&E has applied to regulator to make this the default residential rate  
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Are Smart Rates Necessary to Achieve 
Smart Grid Benefits? 

Yes, especially to achieve benefits for consumers: 

 Rate structures provide price  
signals that link the utility  
system and the customer.  

 Price establishes the  
customer value function. 

 Price enables benefits of  
smart grid to be achieved.    
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Energy 
Efficiency 

Demand 
Response 

Renewable 
Resources 

Carbon 

Rates and 
Incentives 

Roger Levy, lead consultant, LBNL 



Do Your Rate Designs Work 
Toward Your Smart Grid Goals? 
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Dynamic Rates Non-Dynamic Rates 

Adapted from Roger Levy, lead consultant, LBNL 

Smart Grid Goal Tiered* 

Time of 

Use 

(TOU) 

Peak Time 

Rebate 

Critical 

Peak Price 

+ TOU 

Real Time 

Price 

Energy Efficiency 
Need longer-term studies/coordination with demand 

response and distributed resource programs 

Demand Response –

Reliability (Day-ahead) 
No No Yes Yes Yes 

DR – Congestion Mgt, 

Ancillary Services (Day-of)  
No No No Yes Yes 

Solar Photovoltaics No Yes No Yes Yes 

Energy Storage No Yes No Yes Yes 

Electric Vehicles No Partial No Yes Yes 

*Flat rates do nothing toward these goals. Tiered (inclining block) rates theoretically incent 
conservation. Peak time rebates and dynamic pricing require advanced metering systems. 



Advanced Meters and Pricing–Do’s & Don’ts 

• Put smart policies in place first 

• Develop a strategic plan that 
customers want to invest in 

• Involve stakeholders early and 
often for education & support 

• Engage customers thoughtfully 
and provide ongoing support 

• Know it’s all about customers 

• Give customers benefits right 
away (e.g., usage data on Web) 

• Have a plan to quickly fix 
meter problems  

• Plan for interoperability 

 

 

• Install gadgets without direction 

• Assume you can explain the value 
after the investment is made 

• File for smart grid cost recovery 
and hope no one notices 

• Assign an engineer to design your 
customer education program 

• Think it’s about the utility 

• Wait to show customers what 
they’re getting for their money 

• Let customers find the errors (on 
their bills)  

• Hope gadgets will work together 
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Don’ts Do’s 



• Give regulated utilities upfront 
indication of cost recovery if 
business case makes sense 

• Ensure customers have access 
to usage data and can share 
with companies they authorize 

• Clarify the customer value 
proposition for time-varying 
pricing 

• Have realistic expectations of 
load reductions 

• Assume a small percentage 
will account for most shifting 

 

• Expect utilities to invest without 
any kind of sanction – or do a 
good job if all risk is removed 

• Lock customers into narrow 
choices for energy efficiency or 
demand response services 

• Expect customers to know the 
price of electricity or change 
behavior without price volatility 

• Assume that because you won’t 
shift usage, no one else will 

• Assume all customers need to 
shift load for program success 
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Don’ts Do’s 



• Help customers transition 
from old rates using shadow 
bills, 1st year bill protection, 
energy audits and incentives 

• Do a rate study to assess cost-
based prices by rate period 

• Hold underlying rates steady 
during pricing transition 

• Have plans to address all types 
of contingencies and be ready 
to act on them quickly 

• Be proactive on customer 
concerns, even due to weather  

• Expect customers to opt into or 
stay on new rates without tools, 
or fail to address low-income and 
senior citizen issues 

• Use temporary low market prices 
or small on/off-peak differentials 

• Implement rate increase at same 
time so blame falls on smart grid 

• Fail to plan for (existing) meter 
base damage, concerns about 
privacy, radiation fears, etc. 

• Wait to address concerns until 
they spin out of control 
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Don’ts Do’s 



Smart Grid Capabilities Example Smart Policies 

Optimize voltage and reactive 

power on distribution system 

Remove barriers to utility investments in energy 

efficiency – for example, by adjusting retail rates 

periodically to cover utility’s fixed costs  

Accelerate deployment of 

distributed generation and 

allow operation during utility 

outages 

Support investment in clean distributed 

generation, facilitate power sales, streamline 

interconnection procedures, and update utility 

operations to reflect smart grid capabilities  

Dynamically integrate wind 

and solar resources 

Improve planning and siting for renewables and 

transmission, support mechanisms to reduce 

integration costs such as intra-hour scheduling 

Increase demand response Offer dynamic pricing, provide participation 

incentives for other DR programs, give consumers 

access to their usage data and targeted advice 

Examples: Smart Policies to Match 
Smart Grid Capabilities 



For More Information 
• Pacific Northwest National Laboratory, The Smart Grid: An Estimation of the Energy and CO2 Benefits, prepared 

for the US Department of Energy, January 2010, http://energyenvironment.pnl.gov/news/pdf/PNNL-
19112_Revision_1_Final.pdf 

• Ahmad Faruqui and Sanem Sergici, The Brattle Group, “Household Response to Dynamic Pricing of Electricity: A 
Survey of the Experimental Evidence,” Jan. 10, 2009, 
http://www.hks.harvard.edu/hepg/Papers/2009/The%20Power%20of%20Experimentation%20_01-11-09_.pdf 

• Stephen George, Mike Perry and Sarah Woehleke, Freeman, Sullivan & Co., 2010 Load Impact Evaluation of Pacific 
Gas and Electric Company's Time-Based Pricing Tariffs, April 1, 2011, http://www.fscgroup.com/news/sdge-2010-
summer-saver-load-impact-report.pdf 

• Federal Energy Regulatory Commission, Assessment of Demand Response & Advanced Metering, February 2011, 
http://ferc.gov/legal/staff-reports/2010-dr-report.pdf 

• David Moskovitz and Lisa Schwartz, “Smart Grid or Smart Policies: Which Comes First?” July 2009, 
http://raponline.org/docs/RAP_IssuesletterSmartGridPolicy_2009_07.pdf 

• Lisa Schwartz, “Smart Policies Before Smart Grids: How State Regulators Can Steer Investments Toward Customer-
Side Solutions,” 2010 ACEEE Summer Study on Energy Efficiency in Buildings, 
http://raponline.org/docs/RAP_Schwartz_SmartGrid_ACEEE_paper_2010_08_23.pdf 

• Lisa Schwartz and William Steinhurst, “Is It Smart if It’s Not Clean? Part 1: Strategies for Utility Distribution 
Systems,” May 2010, http://www.raponline.org/docs/RAP_Schwartz_SmartGrid_IsItSmart_PartOne_2010_05.pdf 

• Lisa Schwartz and Paul Sheaffer, “Is It Smart if It’s Not Clean? Part 2: Smart Grid, Consumer Energy Efficiency and 
Distributed Generation,” March 2011, 
http://www.raponline.org/docs/RAP_Schwartz_SmartGrid_IsItSmart_PartTwo_2011_03.pdf 
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About RAP 

 The Regulatory Assistance Project (RAP) is a global, non-profit team of experts that 
 focuses on the long-term economic and environmental sustainability of the power 
 and natural gas sectors. RAP has deep expertise in regulatory and market policies 
 that: 

 Promote economic efficiency 
 Protect the environment 
 Ensure system reliability 
 Allocate system benefits fairly among all consumers 

 
 Learn more about RAP at www.raponline.org 

Lisa Schwartz 

+1 802-498-0723 (office) / +1 541-990-9526 (mobile) 

lschwartz@raponline.org 


