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This paper is written to stimulate a serious look at the research goal and research plans for the upcoming Strategic Program on Distributed Generation.  It is the sole opinion of Dr. Richard Ely, an independent power producer and consulting utility economist and is intended to Identify Research and Development Priorities to promote distributed energy resource interconnection, grid impacts and market integration.  It takes a different perspective than the ADP Draft Report.  

Goals

To assess Pier Research on Research in Distributed Energy Research, one must first define what are the goals of the research.  What are the aspects of distributed generation that need promotion, to meet these goals.  To start, consider a goal of 


Creating an economically efficient electric system that internalizes efficiently all resultant societal costs and benefits.

To do that, we might wish to maximized public welfare creating a distributed electric system with each part acting autonomously, regionally internalizing costs, and motivated solely by its own self interest – the Adam Smith model of a competitive market.  If we are to do research to support distributed generation, we might use this as a target model. Consider a utility system with distributed generation that would enable this goal: It would have the following characteristics.

	Distributed Generation Characteristic
	A realization

	No central command and control – all power generation and networking decisions would be made locally to balance locally costs and benefits. 


	No ISO or utility control centers since local control and market forces would solve the market clearing function.

	Each system element – customer, generator, and load has different price/reliability/quality issues.


	The balance between price, power quality, and reliability would be made locally and might be different for each customer or groups of customers and generators.

	Electrical power flow, and marketing between all elements would be economic, environmental, and reliability based choices.  These could be scheduled or made in real time under autonomous control


	“Islands” would become elements of system design and real time operation.  Islanding would not be considered a problem but rather a power quality area bounded by reliability, market identity, black start capability, or economic contracts.

	Autonomous Operation
	Black start capability as well as reliability management and marketing could and would occur at many levels.  

	
	


If we can conceive of a utility that operates like the internet with each node and path making rational short and long term networking and resource sharing decisions, it will be quite different from the current utility system that is a command and control top-down model of management.  The top-down ISO-centric model is similar to the main-frame –terminal approach in computing topology.  No terminal can operate without the mainframe.  In a distributed networked system of PCs by contrast, the intelligence is distributed and operations of any small computer or group of computers is independent of a central mainframe command center.  Likewise in a distributed generation system, each generation support area here called an “island” must be able to operate independently without the command and control of a centralized operator or generator.

If we want to consider moving toward this type of a system, what are the research questions in the three areas of this workshop:


Interconnection 


Grid Impacts 


Market Issues,

Using this breakdown of areas, the following paper discusses some research questions that might be considered if we are interested in a distributed generation paradigm accompanied with a distributed market for power.

Interconnection:

I.E. Engineering Interconnection Issues 

At first blush, there seem to be no real engineering interconnection issues.  The relaying is pat, and the technical issues have been negotiated in endless repetitive state level forums.  As any utility distribution engineer will say when confronted with a new generation interconnection –“it’s been done before”; and it has.  However, this observation is predicated on a central generation utility model where most power flows down from a transmission system through a more or less radial distribution to end-users.  If the central generation fails, the relaying sees that the distributed generation must go-offline.

Interconnection Relaying (IR) is designed to prevent islanding and autonomous operation.  IR is set up with the presumption that the only entity that can control the availability of power, or power of different quality, in a region is the distribution company or at a higher level, an ISO.  The relaying requirements are set up for control only to flow from the ISO to the distribution utility to the individual generator – thereby prohibiting islanding and autonomous distributed generation.  Top-down power and control structure creates a complete dependency on the central system to restart the whole system.  Since the central generation has to “black start” the whole system the system has to be built to accommodate this restart condition.  This precludes any reduction in system element sizing with distributed generation.

If we were to rebuild our utility distribution system so that distributed generation and the distribution system itself will start-up and carry as much load as possible in small islands.  These islands might connect to central generation.  They usually will be, to take advantage of cheap hydropower and larger system diversity.  But, if the relaying existed for reconnecting islands easily and repetitively to a larger system or to each other, it is possible to support whole areas by distributed generation.   The size of the islands might be dynamically defined to maximize stability and reliability preferences of customers groups to energy resources.

“Islanding” as a normal system design element

“Islanding”: Consider a system that customers or groups of customers and generation that  could automatically isolate themselves from the central generation and operate independently for extended periods of time.  The island of generation and loads would only interconnect with the central system if it increased the reliability or power quality of the power in the island.  Consider interconnection between the generation-consumption islands as an economic choice that is made on a minute-by-minute basis by islands with blocks of generation and load.  This would simplify restarting of islands and allow for their isolation in times of system stress. 

I.I.1 Research Focus:  Relaying needs to be examined, not within the current structure of top-down supplying of command and control, but within a context of islanding as a normal system design element.  What are the relaying, engineering and human capital resources needed to migrate to such a system?

I.I.2
Black-Start capability and other ancillary services 

With the top down model, all ancillary services and black-start capability comes from the distribution utility.  In a distributed generation model, each distributed generator is able to restart itself (like a PC) and bring up a group of nearby loads with it- an island.  This concept of distributed generation providing specific and general services to an island of load is at the core of a cost effective distributed generation paradigm.

I.I.2:  Research Focus:  How can a distributed generation island dynamically provide ancillary services to the island while being embedded within a complex distribution system?

I.I.3
DG Interconnection: Liability and Risk

This area has several research issues.

I.I.3.1 Risk absorption as a distribution company co-product:

In today’s society, few want to take responsibility, and this has created a business opportunity for entities like the distribution utilities who have liability absorption and management as a components of the services offered with their products.  Risk management and legal acceptance of litigation is a major component of their business model.  Simply put, if the kitchen lights dim, and your refrigerator fails, you sue the distribution company - everyone does.

The absorption and defense of these lawsuits are part of electric distribution business today.   If another generator wants to acquire load and form an island, an inhibiting factor is the real and perceived risk of harming any customer’s loads or generation.

I.I.3.1   Research Focus:  How does risk play a role in inhibiting islands from forming, What can be done to mitigate it?  What are the institutional and legal risk management tools that can be used to manage this risk for a small generator either in isolation under the current top down model or under a new islanding model where campuses, or islands were responsible for their own power?

I.I.3.2  Risk as a component of interconnection relaying design

When a body such as a PUC is reviewing a set of interconnection regulations, statements are often made implicitly or explicitly by the host distribution company that their desired complex relaying is required for “public safety” or for “reliability” or “system stability” or other reasons uncontestable by the PUC.  Invariably the “simplified interconnection” proponents respond with a weak response.  This is because relaying is an art.  It is based on sound engineering and scientific principals.  It is never perfect – as it is always a balance between complexity, comprehensiveness, and burdensome false trips.  When it comes to judging art – or a relaying scheme, the personal goals of the judges interfere with the balance, allowing in many cases, the excessive interconnection relaying requirements are left as a barrier-to-entry to keep smaller generators from being built.  It is too easy for a generating utility opposing distributed generation to suggest to a regulator that a simplifying change in the relaying would “increase the chance of an accident” or “decrease power quality”, or “risk harming neighbors”.  Regulators have great difficulty judging this art.  They too avoid risk by erring on the side that leaves all the risk with the utility.  It is their safest course.  The utilities are in the risk absorption business.

I.I.3.2 Interconnection Research Focus:  How to prevent the complexity and art of relaying from biasing the interconnection requirements against the public good.  Neither the regulators, nor the engineering consultants want any of the risk, and the utility is protected from interconnection risk costs through cost-of-service regulation, so how do we, as a society, set the interconnection relaying parameters so that they are in the public interest?  How do we as a society prevent this costless risk management by the distribution companies from discouraging distributed generation?  The distributed generators supplying islands of load are not protected by cost of service regulation.  

Then from a risk management perspective, it should be simpler to plug in a 1 kW generator than a 1 kW load.  To plug in my 1 kW windmill or small hydro, one has to deal with:


Interconnection forms to fill out,


systems planning  systems impact, studies to be conducted,


wheeling tariffs must be negotiated,


interconnection drawings, site drawings, exchanged


distribution line capacity reserved, 


multiple engineering, contract, and wheeling, meetings, and


onsite inspections and relaying testing.

Yet if I plug in my 1 kW load all I have to do is to “plug it in”. 

Research must address the divergence between who pays for load being brought on the system and who pays for generation being brought on the system.  This dichotomy in barriers to market entrance is central to why there is not more DG and why we have shortages.   DG is not universally inhibited by the poor economics (which obviously vary from site to site), nor by any relaying engineering which can be developed, but by the structure and motivation of the current players.

I.I.3.2 Interconnection Research Focus:  Markets are defined at the margins.  Entry and exit define how efficient most markets operate.  If we want efficient vibrant markets, then how do we make it easier, cheaper and faster to “plug in” a 1 MW generator than a 1 MW load?  What are the institutional, legal, and technical constraints, and how do we overcome them? 

Market Issues:  

Distribution Utilities as Tax collectors:

Consider what would happen if there were very little kWH sold in this state.  No kWh to tax.  If entities generated and wheeled power to themselves with no sale, the remaining ability of the state to tax customers on electricity, a major consumption item, would be reduced or eliminated.

M.T.  Research question:  Evaluate the tax consequences of a distribution system where much of the power in the state is not sold but transferred between people and their generators.

M.E
Distribution Utilities as Equity Redistributers

Distributed generation reduces power being transferred over distribution lines for sale.  Consider what would happen if there were no kWh to tax for low income support and conservation programs.  Traditionally tariffs are thought to transfer equity to small customers from the large commercial and industrial customers, what happens when that equity transfer disappeared.

M.E The research focus might be to identify the equity transfers and examine whether income transfer using this mechanism is efficient, and whether the benefits from this transfer over ride the benefits of a distributed generation paradigm.  To do this we have to look closely at the social welfare achievements of the current welfare system and compare the social benefits with the societal benefits of distributed generation.  This is not easy.  However, a consideration of the continuance of the present structure of patronage and risk management must be examined in terms of our societal goals.

M.R.:  Distributed Generation Risk market

As discussed under interconnection, risk is associated with power quality.  Depending on how the market is constructed, power is a product that can or may not be associated with risk.  Consider the recent direct access rules in California, one could sell power, without any risk if the power quality hurt a consumer.  That risk was absorbed by the distribution companies and monitized through their legal departments as a cost of service. 

Consider a distributed generation system where PG&E owns the wires, but is not responsible for what is in them.  Here a road analogy is useful.  A town owns a road, but has little liability for anything that happened to a user of that road.  That is the responsibility of the drivers (generators) or the pedestrians (consumers).  This faultless carrier model also is the way markets for  TVs, guns, and many other products function.

M.R. Research Focus : What would happen if the distribution companies were only responsible for distribution – the wires, and not what was in them?  Would the cost of distribution drop as legal departments shrank?  In an optimal distributed generation system, how can risk be separated from power and marketed, as effectively as we are currently doing it with the direct access retail electricity sales regulations in California?

Consider, to focus the debate is the distribution companies were only responsible for the size of the service entrance fuse – its capacity.   They had no knowledge or responsibility on what went in or out of the distribution system.

Grid Impacts – Benefits, and Role:

“Impacts?”

“Grid Impacts”: This choice of words sets the stage for the conclusions.  Why the question “Grid Impacts” rather than “Grid Benefits”, or a more neutral “Grid Effects”?  Words count.  I have yet to see an interconnection study that allows the inclusion grid benefits.

Interconnection studies should be balanced.  They are paid for by the small generator trying to put in generation.  Unless FERC changes the rules, the genrator  has to pay high sums to distribution utilities for a study showing how the DG negatively impacts the system, and decidedly not to study how the DG helps the system reliability and stability, and how the generation could be synched for assistance in providing ancillary services such as spinning reserves and black start capability.

G.I: “Grid Impacts” Research Focus:  What are the factors that should be evaluated in an interconnection study?  All system benefits should be included.  Black start assistance is a good example of an ancillary service that never was included as a positive “impact”.  If a distribution insists on relaying so that ancillary services like black-start cannot be supplied, then that is a decision of the utility desiring to continue the top-down model of complete system control.

G.R The Role of the Grid:

The grid traditionally has been thought of as a carrier of power from central generators to distributed customers.  This paper points out that it is also a conduit for risk as a commodity flowing back to the distribution utilities.  This is interrupted in the DG model because the quality of power is created and felt locally. 

Consider – under a distributed system of thousands of power islands connected by the present transmission and distribution system.  What then is the role of the grid?

G.R. Research Focus on the Role of the Grid:  Typical Research Questions to focus the debate might include:

Should distribution entities be responsible for what comes out, or goes into, a distribution line?  

Who then is responsible for the grid’s growth?  What incentives are there for maintenance or expansion?  Who other than the competitive market will be responsible for the quality of power available? 

How will we, as a society, manage the grid during development toward a more decentralized system?

G.B. DG Benefits for the Grid

Distributed generation mitigates market power by changing the structure of the market.  It is not possible to “corner the market” if there are thousands of generators connected by a grid – offering a spectrum of power quality and reliability choices to every consumer.

One thinks of this as a market issue, yet the configuration of the grid – the “thickness”, and redundancy of the grid can change significantly if generation is distributed.

DG, through diversity and local supply, produces increased power quality, lowers line losses, better phase balancing, and the ability to absorb risk and environmental impacts locally.

There are two development paths.  The first outlined in this paper is a path that incorporates islands of generation and load with black start capability and a general internalization of ancillary services.  In this world, power flows every which way.  Control and power flow up from the generation.  Risk and environmental burden is absorbed locally.  In this world distributed generation built, scheduled, and dispatched for a plethora of local and global environmental, price and load conditions.  In this model the ability to generate locally enables social internalization of actual risks and environmental externalities of generation.  Losses are reduced.  Local high and low power quality products and bi-products are available and used.  Because the islands can operate independently – restart locally and interconnect for economy power flow- the transmission lines can be smaller for any degree of reliability.  In this model stability and power quality come from careful control and a large number of small generators under autonomous control.

Under the second development path, most power and control continue to flow down from a central ISO.  Decisions are made globally and islanding is seen as a problem.  Here, restart of islands of generation and load is not possible; rather it is viewed as a threat.  Heavy distribution community wiring is needed for restart, and distributed generation can only drop in when the power quality has settled down.  Heavy transmission and subtransmission are needed to reinforce local demands and for system stability.  In this model, stability and power quality come from a preponderance of copper, and the role of the distribution company to absorb risk continues.

G. B. Research Focus Questions:

Is there any need for a command and control ISO, in the future?  Under what conditions could the ISO be completely replaced by DG and a flux of price signals?  What do we have to do to get there?  What technology needs development, such as islanding enabled reclosure relaying, for islands of load and generation?

Is DG on a development path that that improves current market conditions and social choices?

