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Executive Summary 
This white paper outlines a process to identify and define the priority Research, Development and Demonstration (RD&D) needs for the interconnection technologies, controls and operational strategies that will facilitate 20 percent integration of Distributed Energy Resources (DER) into nation’s power system grids within the next 10-years. Alternative scenarios are defined for DER utilization, DER integration and interconnection, industry deregulation and markets structure. These scenarios are utilized to identify and assess DER interconnection RD&D needs. A Scenario Decision Analysis process is utilized to assess the influence of interconnection RD&D activities on the sensitivity of DER penetration. 

Introduction

1. 
This white paper outlines four DER integration and interconnection scenarios, five DER utilization scenarios, and five deregulation-markets scenarios for the future electric utility industry. These different scenarios are all considered within a Scenario Decision Analysis process to identify, define priorities and assess the influence of interconnection RD&D activities on the sensitivity of DER penetration to help prepare effective national roadmaps for widespread integration of DER. 

1. Background  
DER technologies are increasing their market penetration and this process is likely to accelerate with the move to a competitive market structure. However, there is not an integrated national level effort to define DER interconnection RD&D needs conducive to large scale penetration of DER technologies over the next 10-years. The need for distributed technologies for reliability, efficiency, price volatility management and customer solutions is expected to result in penetration of DER of 20 percent of total electrical consumption, from the current 5 percent or a four fold increase. Current DER deployment in the utility industry and at end customer’s sites can be summarized as:

· DER RD&D has been concentrated in the development of distributed generation and storage technologies. 

· Most RD&D on DER utilization has focused on stand alone applications of distributed generation and storage.

· Grid owners, current Independent System Operators (ISO) and future Regional Transmission Organizations (RTO) are and will be defining and enforcing DER interface requirements. This mindset tends to be based on large central station power plants and is not oriented to deployment at customers’ site and the resulting microgrids or nested grids, which could be interconnected with utility grids.

· Current performance of distributed generation is evaluated for stand alone operations i.e. these generating units do not operate based on schedules or in response to price signals, but base loaded while they are on-line.

· Current Distributed Generation lacks adequate real time control responses and appropriate interconnection control systems for allowing them to supply and efficiently participate in the Ancillary Services markets.

· There are no established uniform DER interconnection standards.

· There are no effective and easily available data communications, net metering infrastructures and dispatch protocols for DER end users to enable development of standard interfaces to connect and dispatch DER in response to electricity market signals such as price, transmission availability and other marketing parameters. 

· There are no adequate DER planning, operational and valuation tools to realistically assess DER impact on system reliability, identify economic and system benefits for different stakeholders, and DER support to Distribution systems.

2. National Agenda for Research, Development and Demonstration for Widespread integration of Distributed Energy Resources

With the transition to a competitive market structure and customer choice, National and States focus needs to shift from development of DER technologies (leave that to the market), to effective and reliable interconnections, integrations, monitoring and dispatch of DER technologies.

Effectiveness to fund DER research and find technology solutions for existing DER integration and interconnection unresolved issues will have a major influence on the degree of DER penetration. DER integration research should identify the issues influencing the amount of DER penetration for each DER utilization and deregulation scenario. A comprehensive summary and prioritization of DER integration and interconnection technologies that are crucial for maximizing DER penetration within each scenario need to be identified. Ultimately DER penetration depends of successfully finding technology solutions for those integration and interconnection issues. 

It should be emphasized that any comprehensive national DER RD&D agenda should consider scenarios as the ones used in this paper for DER interconnection but, it should also include scenarios that consider further RD&D for micro-generators, overall deployment costs and regulatory and policy issues. These later issues are included in the paper’s Decision Analysis process for completeness but its detail treatment is beyond the scope and goals of this paper

3. Scope and Organization of White Paper

California DER deployment objectives and its current deployment state will be used as the framework to identify, assess and prioritize DER integration RD&D. To achieve this the paper follows the following approach:  

· Identify the most likely DER integration and interconnection scenarios - Table 1

· Using DER utilizations and its major deployment issues, identify and assess their impact on DER penetration for each of the DER integration scenarios - Table 2

· Identify and assess effective technological and/or RD&D solutions, alternatives or tests required to maximize DER penetration - Table 3

· Using Decision Analysis and stakeholders expertise, identify and evaluate RD&D needs and solutions within realistic DER utilization and industry deregulation-markets scenarios. Prioritize those integration RD&D  issues that will facilitate a 20% penetration of DER into power grids in the next 10-years - Figure 1

· Classify the above prioritized DER RD&D into public and private funding categories, with a further chronological deployment classification for DER RD&D required on year 2000 and RD&D needed beyond year 2000 - Table 4

4. The California DER Case:

California has established a 20 percent DER penetration goal for the next ten years. This means that about 12,000 MW will be supplied by DER for year 2010. Based on the current estate of DER technologies, California’s DER goal could be achieved by deployment of the following option:

· 40,000 MTG @ 100KW for 4,000 MW

· 4,000 Hybrids/Fuel Cells @ 1 MW for 4,000 MW

· 400 Utilities substations with 10 MW installations for 4,000 MW

Current USA DER manufactures are planning and building capacity for producing MTGs at a rate of 40,000 MTGs per year.

5. Distributed Energy Resources Integration Scenarios:
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The paper will describe the four integration scenarios shown in table 1, and the process used to develop these scenarios.

The paper will also identify and describe the major events that influence each DR integration scenario – Table 2. In addition, CERTS members, DER industry experts, DR end users and utilities experts will be interviewed to define the impact of each event on DER penetration (MW) for each integration scenario. See table 3 for very preliminary estimates for the California case. 

Table 1: Distributed Energy Resources Integration Scenarios (California Case)
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6.
Identification and Assessment of Interconnection and Integration Issues Presenting Impediments for DER Deployment 

Using as references the five DER utilization and deployment scenarios identified in Table 3, the following RD&D needs are identified as technical barriers for higher utilization and interconnection of DER:

6.1
Transmission and Distribution Deferral: Lack of integration and interconnection standards for DER to interface with the grid. Controls for dispatchability and control of DER to perform load following are not available. The size of DER needs to be in the 5 to10 MW range and the cost of DER need to compete with other options (i.e. approximately $400/kW). Lack of planning and operational tools to realistically quantify DER economic benefits for T/D deferral.
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Table 2: Summary of Issues Affecting DER Penetration (California Case)

6.2 
Power Quality Applications: There are no uniform standards for integration and interconnection of DR generation, storage, customer load and utility grid to meet end users and utilities power quality requirements

6.3
Reliability: The barriers for DER to meet the reliability requirements are lack of dispatchability and controllability of DER in real time. Dynamic models of DER are also lacking for simulation studies purposes. These models will help to design and test the controls required for the dispatchability and controllability of DER. Protection and islanding of DERs also is a barrier because this is a new concept that is not proven for both the customer as well as utility

6.4
Peak Shaving: DER can be used for peak shaving purposes at customer site as well as for T/D utilities. Lack of larger size DER and real time controls to switch ON and OFF the DER is a barrier

6.5
Capacity and Energy: Barrier for this is the initial capital cost, unproven O&M, and lack of demonstration sites. One of the barriers is the current higher cost of converters and controls. Customers will be reluctant to try to implement technologies with out proven O&M knowledge, cost information. Demonstration test beds will give confidence to take to the next step to come up with commercial grade level systems/products

7 Identification and Assessment of Effective Technological RD&D Solutions to Overcome the Interconnection Deployment Barriers 

To facilitate identification of the RD&D required to overcome the DER penetration barriers identified in section 6, Table 3 has categorized those interconnection RD&D requirements in three major groups: RD&D to improve real-time controls, RD&D to improve interconnection and integration, RD&D for demonstration test beds. All three research categories are cross referenced with each of the five DER deployment scenarios identified in Table 3.

Figure 2 shows in an integrated manner the different levels of DR integration and connectivity with the major RD&D events overlapping on it. The following RD&D activities are the ones identified as high importance RD&D areas required for widespread interconnection and integration for DER.

7.1
Converter and Control Integration: Development and demonstration of low cost converter and controls is a critical step for the integration of DER for applications such as power quality, peak shaving, ancillary services, and regulation.

 
Develop a converter using the latest power electronic devices that can withstand higher voltages and currents so that the converter cost can be decreased. The converter size should be capable of bi-directional capability so that generation and storage can be integrated with customer load and the utility grid. Test beds should test and demonstrate that the converter is not injecting any harmonics or negative sequence quantities in to the utility grid. 

Demonstrate the use of converter and control hardware/software to meet the power quality needs of the customer during system disturbances. Demonstrate the peak shaving capability of DER at the customer site as the customer load demand increases by keeping the utility supply as constant during on peak conditions. Demonstrate the regulation capability of the DER by keeping the utility supply constant while as the customer load changes during a 24 hour period.

7.2
Data Acquisition: Uniform standards need to developed for data acquisition.

 
Develop a process to obtain industry consensus regarding the type of control data, frequency for data collection and how long the data need to be collected, format for data collection for various DER. Identify the data for static and dynamic application of DER for various applications (i.e power quality, ancillary services, regulation, dispatch…)   

7.3
Control Data Communications: As shown in figure 2, Real time control data communications will be required at two levels, from the DER devices to the local DER controllers and fromthese local DR controllers to the utilities substation, subtransmission or even transmission SCADAs. A reliable, standard, open two-way data communications protocol needs to be developed and tested.

 
Develop and demonstrate an open-standard two-way data communication protocol to send and receive control data on the DER to utility’s substation and/or SCADAs and vice versa. Develop the software to control in real time the DER remotely from the utility’s SCADA to improve the reliability of the system during disturbances.

7.4
Load Regulation (MW): The energy output of DER and the demand of the customer needs to be matched and in order to achieve this the DER output need to be regulated. Distributed generation and storage need to be integrated to meet varying demands of load fluctuations. 

Voltage Regulation (MVAR): A conceptual design, development and demonstration of the voltage regulation need to be developed without causing any interference with the utility’s voltage regulation process. Demonstrate that this design can meet the regulation at various voltage levels (480V, 4.16 kV, 12 kV, 33 kV,….) 

7.5
Protection and Islanding: Industry wide acceptable uniform standards need to be developed for protection and islanding of DER with utility grid and with customer loads.

 
Identify the protection requirements for steady state and emergency condition of the power system for various DERs at various voltage levels on the customer side as well as on the utility side. Design, install and demonstrate the protection system to show how the new design can meet the protection and islanding requirements of various types of DER at various system voltage levels during steady state and emergency conditions.

7.6
Dispatch Software: There is need to develop local dispatch and redispatch software (see figure 2) so that DER can be dispatched to meet the energy needs of the customer, meet the ancillary requirements of the grid, meet the reliability and power quality requirements of the grid.

 
Develop software that can be used to dispatch the and redispatch DER during steady state and emergency conditions to meet the energy needs, ancillary requirements and reliability of the power grid. Demonstrate the capability of this software on a pilot project at the customer site as well as in the utility to meet ancillary services, power quality and reliability applications.

7.7
Testbeds: Microgrids, microgrids intraconnected and microgrids and macrogrids intraconnected need to be demonstrated to test and validate the RD&D areas developed in 7.1 to 7.6. This provides an opportunity to modify the designs, if necessary, and provide a commercial grade products for the industry use for the DER penetration.

7.8
Safety: DER installations at customer and utility locations need to address the safety of people and the surroundings. The safety of the entire system (DER and the integrated system) needs to be proven for industry acceptance.  
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Develop a design and demonstrate that the proposed design will not jeopardize the safety of the public, customer and utilities.  Develop and demonstrate, if any, hazardous material handling procedures are adequate.



Figure 2: Integration of Distributed Energy Resources

8 Evaluate and report Interconnection Technological RD&D solutions to Identify RD&D Priorities and DER Penetration Sensitivities 
Figure 1 shows the Decision Analysis influence diagram created to assess, prioritize and calculate sensitivities for the DER RD&D portfolio identified in section 7 that will give the best DER penetration within the frame work of the DER utilization, DER connectivity and industry deregulation-markets scenarios.

Table 3 identifies the different scenarios used in the influence diagram. DER RD&D generating devices, cost and regulatory policy activities are also shown in the influence diagram for completeness but they are not discussed in detail in this paper.

Figure 1 only shows the complete influences for the RD&D control path: Reliability, Connectivity (microgrids), Markets (Max DER Penetration), Market share. The other two RD&D paths, interconnection-integration and test beds will be handled equivalently.

The influence diagram will be used as the base for a corresponding decision tree to identify and prioritize the DER interconnection RD&D portfolio and sensitivities that maximize DER penetration and deployment in 10-years. The questions that will be answered are: a) given a goal of 20 percent penetration is 20% in the next 10 years, what is the best RD&D portfolio that gives the maximum probability for this to happen, b) from the selected RD&D components which ones are the most sensible to DER penetration and integration.

A critical component of the Decision Analysis assessment is the determination and assignment of the various probabilities and values (MW) for the events and activities shown in the influence diagram. To obtain realistic parameters, CERTS members, DER industry experts, utility experts will be contacted and interviewed. In addition, the expectation is that during the presentation of papers to stakeholders there will be more feedback that allow to refine and tune some of the decision model parameters.

As a starting point, this white paper will consider only the microgrids intraconnected  scenario and derive a probability of DER penetration. The full analysis of DER penetration considering all scenarios will be addressed in the following next phase of the CERTS DER project.

Table 3.  Summary of Distributed Energy Resources (DER) Research, Development, Demonstration (RD&D)

Needs and Priorities for Five Integration-Interconnection Scenarios Under Most Likely Deregulation/Market Scenarios

(First Three Scenarios Are for End Use Customers, Next Two Scenarios Are for T&D Utility)

 DER

 Integration and Interconnection

Scenarios
DER

Applications
RD&D

for Generation and Storage Devices
RD&D

for Control Technologies
RD&D for Interconnection and Integration Technologies
RD&D

Test Beds
DER

Policies and Regulatory  Issues
Dereg. & Market Scenarios Impacting DR

End Users Customer Sites

(Local Generation)
· On-site Power Quality

· On-site Back up Power

· On-site Peak Shaving

· On-site Cogeneration

· On-site Energy Needs
· Lower Power Electronic Costs

· Lower Micro Generators Costs

· Suitable Fuel Management Strategies

· Efficiency Improvements

· Low O&M Costs
· Integration of Converters, Controllers and Control Data Communications

· Low O&M Cost
· Operability
· DR Islanding Requirements

· DER Interconnection Reliability Requirements 

· DER Protection

· Control Data Communications
· Definition, Deployment of Micro Generators Test Beds
· Standard &Uniform Interconnections 

· Tariff for Backup Power

· Credit for Ancillary Services

· Credit for T/D Deferral

· Siting Issues

· Environmental Issues
· DMS 3

· DMS 4

· DMS 5

Microgrids Deployment

(Local Energy Parks)
· Clusters Energy Needs

· Clusters Power Quality

· Clusters Ancillary Services
· Same as Local Generation Scenario

· Improve Micro Generators Controllability
· Same As Local Generation Scenario

· Improve DER Control’s Regulation Capabilities
· Improve DER Regulation Capability.
· Same As Local Generation Scenario
· Definition, Deployment of Micro Grids Test Beds
· Same As Local Generation Scenario 
· DMS 5

· DMS 1

· DMS 2

DER to Support End Users Energy Management (Microgrids Intraconnected)
· MicroGrids Energy needs

· MicroGrids Power Quality
· Same as Local Energy Parks Scenario

· Operability
· Software and hardware for MicroGrids Energy Management

· New Hardware and Software for Dispatch

· Micro SCADAs for Control and Dispatch
· Same as Local Energy Parks Scenario

· Micro SCADAs

· Protection Issues

· Reliability Issues

· Safety Issues
· Definition, Deployment of Wide Area Micro Grids
· Same as Local Energy Parks Scenario

· Credit for T/D deferral

· Net metering

· One stop for permits
· DMS 3

· DMS 1

· DMS 2

DER to Support Power Grids (Partial Integration)


Utilities Uses For:

· Feeder Relief

· Bank Relief

· Reactive Support

· Remote Loads

· Power Quality

· Ancillary Services

· Energy Needs
· Same as Local Energy Parks Scenario

· Micro Generators Dispatchability

· Improve Micro Generators Regulation Capabilities
· Same As MicroGrids Intraconnected Scenario
· Micro to Macro Grid Controllers
· Low Cost Control and Data Communications
· Same as MicroGrids Intraconnected Scenario

· Integrated Distribution Planning Models
· Demonstrate a 10 MW DER for grid support 

· Definition and Deployment of Micro-Macro Test Beds
· Same as MicroGrids Interconnected Scenario

· Incentives for utilities for DER rate base

· Regional market Studies
· DMS 3

· DMS 4

· DMS 5

· DMS 1

Microgrids and   Macrogrids  Interconnected (Full Intergration)
Same Utilities Uses As For Partial Integration Scenario
· Same as the Partial Integration Scenario
· Same as the Partial Integration Scenario
· Same as the Partial Integration Scenario
· Same as the Partial Integration Scenario 
· Same as the Partial Integration Scenario

· T/D Deregulation 
· DMS 2

· DMS 1

· DMS 3

Deregulation-Market Scenarios (DMS): DMS 1=Max DER, DMS 2=T/D deregulated, DMS 3=Current deregulation Status quo, DMS 4=Max. ISO (CA), DMS 5=Min ISO
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9 Classification of DER RD&D into Public and Private Support for Year 2000 and Beyond Year 2000

RD&D activities identified in section 4 are divided into two time frames. The activities for the year 2000 are the ones that need to be addressed immediately due to their critical nature in the whole DER integrated system. After the successful demonstration of the year 2000 issues, then the activities for 2000 and beyond need to be addressed. 

The activities are further divided into public and private for RD&D funding. The development of standards for the year 2000 need the public funding and needs coordination among various stakeholders (DER users, researchers, government, and manufacturers). There are no incentives or business interest for private entities to support this kind of activity and that is why public funding is needed for this. Dispatch software and Data Acquisition activities can be funded through government and private joint funding arrangements. The reason for the private entity involvement is that these areas have future commercial values.

Table 4. 
Summary of RD&D Portfolios for Public and Private RD&D activities 

(The numbers in this table represent to activities identified in section 7)


Year 2000
Beyond Year 2000

Public RD&D
· 7.1

· 7.5


· 7.4

· Microgrid Test Bed Demonstration (7.7)

· Microgrids intraconnected Test Bed Demonstration (7.7)

· 7.8 

Private RD&D
· 7.6

· 7.2

· 7.8
· 7.3

· Microgrids and macrogrids intraconnected Test Bed
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DISTRIBUTED GENERATION INTEGRATION SCENARIOS (California Case)
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DISTRIBUTED ENERGY RESOURCES INTEGRATION SCENARIOS (California Case)
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( Distributed Energy Resources are defined as integrated power system plants installed at customer facilities, generally on the customer side of the meter. While the size of DER power plants can be wide-ranging, for this discussion they are defined as being 0-10 MW in single or multiple units operating in tandem.
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