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I. BY THE COMMISSION

A. Background

1. On February 24, 2010, the Commission opened Docket No. 10I-099EG to explore the closely related concepts of smart grid and smart metering technologies. Through this investigatory docket, the Commission hoped to achieve a better understanding of the potential benefits represented by smart grid technologies.

2. Although the SmartGridCity project of Public Service Company of Colorado was one of the catalysts for this investigatory docket, that project is not the focus of this investigation.  The objectives of this investigatory docket are broader, i.e., to understand the scope and the potential for smart grid and smart metering technologies to improve the performance of Colorado’s electric system.
3. Commission Staff has held four Commission Information Meetings (CIMs) during the pendency of this docket:
a. April 29, 2010:
Smart Grid and Responding to Climate Change;

b. June 7, 2010:
Advanced Metering, Dynamic Pricing and Customer
                              Behavior;

c. July 1, 2010:
Smart Grid and Evolving Market Structures; and

d. August 6, 2010:
Smart Grid and Technical Specifications 

4. For purposes of this docket, “smart grid” technologies are the technologies designed  to result in utility, consumer, societal, environmental, and economic benefits derived from eight distinct value streams:
a. Improved operational efficiency; 

b. Improved end-use efficiency;

c. Demand response enabled load management;

d. Improved power quality;

e. Reduced outages;

f. Facilitated integration of renewable resources (central and distributed);

g. Facilitated integration of plug-in hybrid electric vehicles and/or electric vehicles (PH/EVs); and
h. Improved customer service and the ability to provide customers with near real-time information about the price and environmental attributes of the electricity they are consuming.

5. Smart grid technologies monitor, control, automate, integrate, and optimize the entire electricity value chain utilizing sensors, communications infrastructure, computer systems, and software.  See “Methodological Approach for Estimating the Benefits and Costs of Smart Grid Demonstration Projects” (Electric Power Research Institute, 2010; see also Nibler & Masiello, 2009). Technologies not included in the smart grid definition are those that generate, transmit, distribute, or store electricity.
6. Commission Staff reviewed an extensive amount of professional literature and hosted four CIMs to address various aspects of smart grid deployment. Copies of the reviewed literature, CIM agendas, and CIM presentations are available on the web at https://www.dora.state.co.us/pls/efi/EFI_Search_UI.Search, under Docket No. 10I-099EG.
7. The activities undertaken in this investigatory docket allow the Commission to reach some preliminary conclusions regarding smart grid.  The Commission has also identified areas that require additional investigation. The purpose of this Order is to communicate our preliminary conclusions and to solicit public comment on certain remaining areas of inquiry.  
8. In Decision No. C09-1446, issued in Docket No. 09AL-299E, the Commission stated “we believe that the smart grid holds great promise and we wish to encourage innovation and energy efficiency from the utilities we regulate.”  Our review of the information gathered in this investigatory docket leads us to several preliminary conclusions that reinforce and refine the above statement.  In general, we are increasingly aware that each of the technologies involved in the smart grid merit judicious consideration for inclusion in utility infrastructures.  
B. Preliminary Conclusions

9. The preliminary results of our assessment of smart grid research are as follows:
a. Demand response, or the ability to shape the load curve, is a foundational element of smart grid. The fundamental goal of demand response is to shift electricity consumption via pricing structures and automated efficiency from periods of high demand (peak operating hours) to periods of lower demand (off-peak operating hours).  This shift in electricity consumption reduces the utility operating costs, defers the need for construction of expensive peaking generators, and increases system reliability (Chassin & Kiesling, 2008; Strbac, 2008). 

b. Demand response is comprised of two primary categories:  incentives-based demand response and time-based rates.  Incentives-based demand response programs are those in which the utility pays participating consumers to reduce their electric loads when called upon by the utility to do so.  Utilities use this tool to protect grid reliability during periods of high electricity demand and high electricity costs.  . Time-based rates are those in which consumers pay more for electricity during the periods of high demand and less for electricity during the periods of low demand. Time-based rates are designed to reflect the value and cost of electricity during different time periods (Department of Energy, 2006; NERC, 2007). 

c. The objective of smart grid technologies is to enable demand response via enhanced communication and advanced metering infrastructure that can better integrate “various mechanisms for controlling or influencing load” (Electricity Advisory Committee, 2008). Smart grid technologies including smart meters, in-home displays, and programmable appliances are expected to encourage consumers to shift their consumption from peak to off-peak periods (Chassin & Kiesling, 2008; Pacific Northwest National Lab, 2007). Research estimates that time based rates made possible by smart meters have the potential to reduce peak demand by up to 15 percent (Chassin & Kiesling, 2008; Faruqui, Hledik, & Tsoukalis, 2009). 

d. It is important to note that peak demand programs that shift load from peak to off-peak hours without reducing overall demand may actually increase CO2 emissions if peak generation is met with less CO2 intensive natural gas generators and base load generation is met with more CO2 intensive coal generators (Electric Power Research Institute, 2008; Holland & Mansur, 2004). 

e. Two smart grid technologies enable consumer energy efficiency: feedback to consumers and time-based pricing. Feedback to consumers is provided through enhanced billing detail and in-home displays, offering near real time information about the quantity, cost, and environmental attributes of the electricity consumed. Such feedback is estimated to reduce electricity consumption by 4 to 12 percent (Neenan & Robinson, 2009; Pacific Northwest National Lab, 2010).  Time-based pricing, in addition to promoting demand response, is estimated to be able to reduce overall electricity consumption by an average of 4 percent (King & Delurey, 2005). Research indicates that enhanced billing could increase average household electricity savings by 3.8 percent; estimated feedback by 6.8 percent, daily/weekly feedback by 8.4 percent, real time feedback by 9.2 percent and real time ‘plus’ (down to the appliance level) by 12.0 percent (Ehrhardt-Martinez, Donnelly, & Laitner, 2010).

f. Higher penetrations of wind energy and other intermittent renewable energy sources into the electric grid poses unique operational and economic challenges for electric system operators (Georgilakis, 2008; Maddaloni, Rowe, & vanKooten, 2008). Smart grid supports renewable energy integration by providing system operators with the ability to dynamically integrate short and long range forecast information into the resource decisions.  Smart grid also enables system operators to shape and shed load in response to renewable intermittency, and to automatically curtail generators (both fossil and renewable) as needed to integrate wind and follow load 
 ADDIN EN.CITE 

(Corum, 2009; Jansson & Michelfelder, 2008; Talbot, 2009)
.

g. The introduction of PHEVs has the potential to significantly reduce CO2 from the transportation sector (Tate & Savagian, 2009). Multiple studies indicate PHEVs emit less CO2 and other pollutants over their entire fuel cycle than both conventional vehicles and hybrid electric vehicles (Sioshansi & Denholm, 2009). 

h. PHEVs create revenue opportunities and unique operational challenges for electric utilities. Much of the integration of these vehicles is dependent upon when consumers charge them. Smart grid may support integration of PHEVs by giving the utilities the ability to influence, either through incentive based demand response or time-based rates, the charging profile of the vehicles (Hadley, 2006).

10. To summarize these results, the research that the Commission reviewed during the course of this docket indicates that smart grid has the potential to offer substantial real and quantifiable benefits. We are increasingly confident that, after weighing the current and anticipated benefits of full-scale implementation against the costs of each component, smart grid has great potential not only to provide near-term system benefits but also to support long-term public policy objectives.  
11. The Commission has a long-standing practice of using cost-benefit analysis when evaluating the merits of utility investments.  We expect that utilities will bring forward smart grid projects in the future and note that smart grid investments may be particularly well-suited to such cost-benefit analysis.  In the course of this investigatory docket, the Commission Staff has identified (and entered into the record) a publication of the Electric Power Research Institute (EPRI) that describes a complete framework for evaluating the costs and benefits of smart grid investments. (See Methodological Approach for Estimating the Benefits and Costs of Smart Grid Demonstration Projects (2010)).  We believe that this methodology will assist the utilities in presenting the costs and benefits of smart grid projects for purposes of cost recovery for the associated investments.
12. Smart grid technologies are often discussed as a whole and not by specific components.  We find that there may be value in considering the technologies on a disaggregated basis.  Further, certain smart grid components, especially utility-facing components, may have stand-alone justification.  We believe utilities should move forward to implement components that are clearly cost-effective.  There is no reason to insist that the entire suite of technologies be installed at the same time, or even at all.
13. An effective smart grid implementation must be governed by consistent standards, particularly for interoperability and cyber security.  In this investigatory docket, we have learned about the substantial work of the National Institute of Standards and Testing (NIST) in creating smart grid standards.  We conclude that it would be most appropriate for the Commission to consider and adopt the NIST Interoperability and Cyber Security standards as they are released. (See http://www.nist.gov/smartgrid/).  The Commission does not believe that it should independently establish smart grid standards.
14. This Commission is aware of the challenges of estimating and incorporating “societal benefits” in decision-making.  Resource planning and demand-side management (DSM) are two examples where the Commission is required to make such estimates.  We find that the benefits of smart grid investments fall into two general categories: (a) those benefits that are currently known and quantifiable (such as anticipating equipment replacements prior to failure, or improving responses to outages); and (b) societal benefits that are more harder to estimate and relate to public policy objectives (such as the potential to reduce system-wide carbon dioxide emissions).  We find that the positive externalities potentially attributable to smart grid investments should be factored into the Commission decision-making. We also note that these benefits, given that they often rely upon other independent factors (such as the development of a robust electric vehicle market), may be relatively more difficult to quantify, and may lend themselves to creating an overall cost-benefit “adder” (percentage margin from break-even) for use in cost-benefit analyses.  
15. We find that meter-supported time variable rates can benefit electric systems in terms of more efficient operations and deferring capital investments in generation.  We also understand that whether such rates are optional or mandatory has a significant effect on the ability of the rates to yield the desired system benefits.  We therefore conclude that such rates should be pursued when and only when clearly beneficial to the system.  

16. It is clear that the residential customer class is not homogeneous when it comes to electric usage and the commensurate service needs and expectations.  We observe that this diversity will likely influence how customers interact with smart meter technology.  This leads us to conclude that the pros and cons of converting all meters, and applying time-sensitive rates (as opposed to targeting conversions to specific types of customers), should be further evaluated.  Such targeting might take into consideration customer characteristics such as total usage, amount and time of peak demand, and power quality requirements. The Commission must find a balance between the benefits of upgrading all meters and the costs of upgrades that yield little value to specific consumers.  We find this issue must be explored in specific utility applications.

The Commission previously defined demand-side management
 as the pursuit of all cost-effective energy and demand reductions. This docket has brought to our attention the potential DSM-type benefits attributable to smart meters. We find that if smart meters can yield DSM benefits, such benefits need to be evaluated in the same manner as other DSM options to determine if they should be pursued first.  We also note that “traditional” DSM (such as rebates) and smart meter-based promotion of energy efficiency behaviors may complement each other well. The net benefit of smart meter technologies to DSM objectives should be quantified in a Total Resource Cost test analysis.  It is also important to acknowledge that the customer segments are not homogenous in terms of how they will respond to feedback strategies. Thus, a 

17. portfolio of strategies may be necessary, along with better information regarding how to target each strategy.
18. We also recognize that existing Commission rules may not provide sufficient guidance on what constitutes a complete application to implement a smart-grid project.  We preliminarily support adoption of a “checklist” for the utilities to follow when filing a smart-grid related application.  We observe that the application standards being developed by the Illinois Statewide Smart Grid Collaborative provide such a framework for utilities to organize their applications for rate recovery of smart grid investments (See the Illinois State Smart Grid Collaborative draft documents at www.ilgridplan.org).  We believe this framework may be useful in Colorado as well.
19. We are also aware of the challenges associated with smart-grid implementations from states and utilities that have undertaken it (See Brockway presentation, 06/07/10 CIM, and Fox-Penner presentation, 07/01/10 CIM).  The review of such experiences leads us to conclude that smart grid applications should include:
a.
The utility’s proposal to implement a substantial and comprehensive consumer education program, options for phasing in any smart grid proposal, options for timing of  rate design changes, and other matters that may influence consumer adoption of smart grid technologies;

b.
The utility’s assessment of the anticipated adverse financial impacts of reduced kWh sales on cost recovery; and

c.
The utility’s proposal to address and compensate for identified adverse financial impacts.

C. Request for Additional Comments 

20. The Commission now solicits public comments on the following topics:
a. If new smart metering technologies, combined with more dynamic rate designs, can yield significant system efficiencies, should rate design changes be mandatory or optional for residential customers?

b. If the benefits of smart metering technologies are attributable to certain consumer characteristics (e.g., total usage, amount and time of peak demand, power quality requirements, etc.), what are the implications of targeting new meter installations to customers based on usage?  (See Hauser presentation, 04/29/10 CIM)

c. Suppose a full implementation of smart grid technologies (particularly utility-customer interaction technologies) changes consumer behavior in ways that are detrimental to the utility’s financial standing.  Under such a scenario, what incentives (or changes in regulatory practices) should the Commission consider when reviewing a utility’s application to implement such smart grid technologies?

d. What issues related to low-income customers should be addressed in the development of a comprehensive smart grid policy (including service disconnection, service limiters, etc.)?  (See Brockway presentation, 06/07/10 CIM)

e. If smart metering technologies are found to be more cost-effective than traditional demand-side management (DSM)
 programs, should these technologies supplement or supplant traditional DSM investments? 

f. The costs engaging the consumers with smart grid applications are unclear at this time.  If a portion of smart grid implementation is proposed to be justified based on consumer feedback investments, how should uncertainties regarding the most cost effective approach be addressed?
g. The Commission’s CIMs identified some of the challenges associated with implementation of smart grid, such as the ones discussed in paragraph 19.  What steps should the Commission take to learn more about these challenges and how they should be addressed?

h. Should the Commission adopt a framework for evaluating the benefits and costs associated with full-scale smart grid investments? (See the EPRI/DOE/Brattle Group methodology available at:

http://www.smartgridnews.com/artman/uploads/1/1020342EstimateBCSmartGridDemo2010_1_.pdf). Is this, or some other, methodology an appropriate starting point for evaluating the benefits and costs of smart grid?  Are these appropriate metrics, or are there others that should be considered?

i. As noted above, the benefits of smart grid investments fall into two general categories: (a) the benefits that are currently known and quantifiable and (b) societal benefits that may be difficult to evaluate.  How should these future potential benefits of smart grid be addressed in smart grid applications, and factored into the Commission decision making?

j. What components should be required in utility smart grid applications? (See the Illinois State Smart Grid Collaborative draft documents at www.ilgridplan.org.)  Are similar methodologies appropriate for Colorado?

k. Do the Commission’s certificate of public convenience and necessity (CPCN) rules need to be modified concerning proposed smart grid investments?  Specifically, what should be the threshold criteria for requiring a CPCN for smart grid-related distribution system investments?  Also, should the issues addressed in questions g, h, and i, above, be set forth in the CPCN rules as minimum components of a complete CPCN application?

l. What is the optimal approach to rate design for PH/EVs? Is time-based pricing sufficient to avoid potential negative system capacity impacts from these vehicles? Is direct dynamic load control necessary to manage clustered vehicles? If so, what are the costs and technical feasibility of such controls? (See Denholm presentation, 07/01/10 CIM)

m. One of the benefits of smart grid technologies is the ability to integrate distributed generation and storage technologies/resources. (See Hauser presentation, 04/29/10 CIM; Fox-Penner presentation, 07/01/10 CIM) What technologies, standards, and/or other requirements are necessary to realize this benefit?

n. Should the Commission adopt the NIST Interoperability and Cyber Security standards as they are released? 


(See http://www.nist.gov/smartgrid/)

II. ORDER

A. The Commission Orders That:

1. The Commission invites interested parties to submit written comments and provide additional information related to the investigatory topics identified in Paragraph 20.
2. The Commission encourages interested parties to provide materials that will be useful in our investigation of smart grid and smart metering technologies. These materials could include studies, academic papers, white papers, etc., that are relevant to these issues.
We request interested parties to submit their comments and supporting material via the Commission’s E-Filing System, available at: 
https://www.dora.state.co.us/pls/efi/EFI.homepage
3. Interested parties are required to submit their written comments and materials on or before October 27, 2010 using the guidelines discussed above.
4. This Order is effective upon its Mailed Date.
B. ADOPTED IN COMMISSIONERS’ WEEKLY MEETING
September 29, 2010.
	(S E A L)
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� This docket does not address data privacy and data management issues associated with smart grid technologies.  Those issues are addressed in Docket No. 09I-593EG.


� The term “demand-side management” as used here includes energy efficiency and demand response programs and strategies. See Docket No. 07A-420E, Decision No. C08-0560.


� The term “demand-side management” as used here includes energy efficiency and demand response programs and strategies.
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