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DISPERSED GENERATION - MANAGEMENT AND UTILISATION OF ELECTRICITY
Chairman : T Headley (United Kingdom)

Rapporteur : A Cross (United Kingdom)

Ever increasing competition in the utility and energy markets combined with continuing public support for environmental issues has insured that the topics covered in session 4 of CIRED continue to grow in importance.  The numbers of generators being connected within distribution networks is increasing strongly and the major issues they bring form a large part of the session 4 programme. At CIRED 97 a very lively dispersed generation round table session led to the formation of the working group WG4. The progress report from the working group will feature in strongly in CIRED 99.   

Preferred Subject 4.1: Dispersed Generation

Seventeen papers have been chosen for preferred subject 4.1 in the main session supplemented by three in the dialogue session and 2 written prepared contributions. They cover generators ranging from 1kW photo-voltaic (PV) panels to multi-MW windfarms and co-generation schemes.  The review of papers below has been grouped by key issue rather then numerical order to assist the reader in comparing the authors contributions (which often cover more than one issue) and the Rapporteurs questions.

WG4 surveyed 16 sixteen countries to produce a general view of the state of dispersed generation within distribution networks.  The answers to the 22 questions show considerable diversity, however clear conclusions were able to be drawn on some topics. For example, the main technical connection issues are:

  - Voltage rise

  - Islanded operation  (and cheaper anti-island protection)

  - Increase in short circuit level

  - Impact on power quality

Feasibility and Benefits
The paper 4/2 from Italy reviews the potential of microturbines for efficient small scale co-generation. It includes economic feasibility studies of single 50kW units and clusters of 8 units. They conclude these small turbines can extend the economic attractiveness of co-generation into smaller energy consumers.

In the USA the term Distributed Resources is used to cover both dispersed generation and storage and paper 4/3 reviews the potential of a range of technologies to deliver benefits in a restructured industry. The author emphasises the need for tools for planning, reliability assessment and impact upon power quality. It is interesting to note that practical approaches being deployed in Europe are described in a number of papers below.  The challenges to institutions involved in regulation, restructuring and environmental performance could be greater obstacles to widespread adoption in the USA. 

Question 1:

Given the attraction of microturbines and fuel cells for smaller co-generation, what numbers of installations can be forecast for 2002 and 2005. What are the obstacles (commercial & technical) that will need to be overcome to achieve widespread introduction? 

A growing number of customers see economic benefits in installing modern unit type co-generation plants (UCP). The authors of paper 4/16 from Germany provide a comprehensive review of the options, benefits and technical issues to be resolved for both utility and UCP operator. These are considered for a typical BEWAG network of cable connected MV loops. Two topics that don’t appear in other papers are the affect on Fault Current Indicators and the possibility of using the generators as a backup power supply .

Network Impact

Ensuring voltage stays within the statutory band is a key issue for design and operation of generation connection.  

Paper 4/6 describes how the constraint of Step Voltage Regulators used in Irish MV network which could not cope with embedded generation was overcome. Adding additional functionality to the microprocessor controller by sensing the real and reactive components of the current flow determines power flow direction and modifies control behaviour. Testing on an analogue simulator proved the method and field tests confirmed correct operation.

Power quality in networks containing dispersed generators is a key topic. The development IEC 61400-21 specifically for wind generators is providing an useful approach. Paper 4/7 from Norway and the UK suggests how a similar approach could be formulated and applied for a wider range of generator types. 

They propose characterisation by the set of parameters containing maximum continuous power, reactive power, flicker and harmonics. The recommendations applied in Denmark and Sweden are described in more detail in papers 4/8 and 4/10. 

Experiences in Sweden and Denmark with both wind power and CHP are surveyed in paper 4/13. Measurements on a network with 9 wind generators showed no relationship of customer voltage variation with wind power generation. Following good design rules are believed to give a significant margin of safety.

Question 2:

Do delegates agree with the wider application of IEC61400-21 as proposed in 4/7?

Question 3:

Approaches for handling voltage issues based upon specific calculations and general guidelines are described in the papers above and the WG4 report. Do any utilities have significantly better methods based upon real experience? Is there an agreed level of generation in a network below which general guidelines can be applied?

Most of the significant growth in generation connected within the distribution network has been at the MV level and above. However with the emergence of significant PV programmes backed by governments and increasing interest in small scale CHP (combined heat and power or co-generation), LV connection issues cannot be overlooked. Paper 4/4 reviews the generator technologies being developed and deployed internationally followed by studies of  impact upon typical UK networks of increasing numbers of these domestic systems. The current regulations in France for LV generators are reviewed in paper 4/11 which makes clear the linkage with MV network constraints. The need for a guide for those involved and easy to use software tools to study the impact are identified.

Question 4:

Connection guidelines for small (typically less than 5kW) inverter connected generators have been created in a number of countries. Are they consistent enough to enable a thriving market to develop?

Question 5:

At what level of penetration of single phase LV connected systems do imbalance and voltage rise pose problems?

Operational and Planning Issues

As both the numbers and types of generator increase within MV networks the dynamic behaviour of the network becomes of more concern. The Belgian paper (4/5) reviews the impact of electromechanical transients and uses the EUROSTAG software to analyse which type of protection relays are appropriate and what settings should be used for good selectivity.

Customers now demand a supply with a high reliability and a minimum period without supply. The possibility of islanded operation of MV networks where the non-utility plant is almost directly connected to the MV busbar is discussed in the French paper (4/9). They conclude that this is possible dependant upon size of load blocks, types of feeders etc. but relay settings will have to be carefully altered.
Question 6:

Are there cost effective options available to achieve safe re-connection of an islanded network to the grid automatically?

A planning method is proposed by the authors of  paper 4/17 which increases asset utilisation by optimising separation points, settings of tap-changers and requiring generator power controllers. Their case study shows the inherent reserve in is bigger than expected and that the installation of automatic power controllers with disconnection or power reduction can avoid voltage increase and line overloading.

Question 7:

Is it possible to use dispersed generators to improve system security?

A key concern to utilities with rural networks and large numbers of generation requests is the increase in short circuit currents. Reinforcement and upgrading of switchgear is expensive and can be a major hurdle for the wider adoption of renewables (especially wind) where the applicant has to pay the full costs. In dialogue paper 4/p3 from the Netherlands the maximum number of glass house co-generation units is established for a 10kV network and the 50/10kV substations. 

A new real-time digital transient network analyser which can speed the testing of new protection relays is described in dialogue paper 4/p4.  The protection scheme design for connection of an incineration generator to a real 20kV network in France is used to describe how the facility is used.

Question 8:

Cost effective anti-islanding protection that does not suffer from nuisance tripping is a live issue. WG4 conclude that more work is needed. Have delegates resolved this problem in their utility and can they share experiences?

Network Charges
The restructuring of electricity supply is proceeding at an increasing rate in most countries across the world. The competition in generation with introduction of IPPs and the separation of the transmission grid into a common carrier has brought the charges levied for use of and connection to the distribution network  to the fore. 

The authors of paper 4/12 from the UK propose a systematic method which gives tariffs that are location and time of day specific. The emphasis is on losses and allocating their costs rather than the traditional approach of peak demand. The method is illustrated on a 264 node network model. 

The value of wind power for the Gotland distribution network owner in Sweden is discussed in paper 4/15. In this analysis it is apparent that reduced losses on the link between the island of Gotland and the mainland are offset to some extend by increased losses transferring the wind power within the islands distribution network. This paper shows how an analyst needs understand the specific grid and network regulations and charges in detail to obtain quantified result.

A set of questions that were discussed when the Association of  Austrian Utilities were examining a new tariff model are described in paper 4/1. The answers are given as a set of general conclusions for use with small power producers acting as IPPs. A majority (87.5%) of the capacity is hydropower with most of the remainder CHP, therefore wind power related issues are less important.

Question 9:

Do delegates agree with the approaches given for allocating network usage costs to generators?

Can the approaches now deployed on transmission networks in many countries for use of system and ancillary services charges be effectively extended to distribution? 

Decentralised Renewables

The paper 4/14 from France shows how rural electrification in developing countries can be carried out effectively by utilising solar home systems and micro grids as precursors to grid connection when the network arrives. They have written a general specification for the system equipment and are now looking for international activity to produce standards for good quality equipment.

Preferred subject 4.2: Energy Efficiency

To improve energy efficiency at a national level and thereby move toward Kyoto CO2 emission goals some governments are promoting industrial co-generation.

However continuous operation of the industrial plant is a key requirement. Paper 4/18 from Italy considers the how to optimally shed load to meet this requirement when a fault occurs on the external utility network. The method is described and validated by simulation analysis of a typical 228MW load system containing 190MW of generation.

The combined heat and power production potential of PEM fuel cells is described in the dialogue paper 4/p2.  The system differs from conventional co-generation in having a much larger ratio of electricity to heat produced. This is expected to be attractive in premium power applications.

Developments in electrical energy storage systems and the new drivers from competitive power markets have lead to a range of potential applications in distribution networks. Indeed the first international 3 day conference EESAT ‘98 on this subject was held last year. Storage systems have been claimed to improve overall energy efficiency by meeting peak demand and reducing the amount of spinning reserve required. The paper 4/19 (France) reviews both the technologies and applications. It concludes that applications close to the customer seems to be the most promising especially in power quality and tariff optimisation.

Question 10:

Actions will be necessary by governments, utilities and other parties to assist the introduction of energy efficient generation, storage and end use schemes. What role should distribution network and dispersed generation operators play?  

Preferred subject 4.3: Demand Side Management

Electricity utilities world-wide are faced with conflicting business drivers as deregulation and open power markets are introduced at the same time as public opinion and governmental action looks for improved energy efficiency to meet Kyoto CO2  goals. The 7 papers in this section show how these challenges are being tackled in different countries.

The importance of  valid and correct metering data is increasing in deregulated environments. Paper 4/21 describes an artificial neural network (ANN) based system developed in Spain to detect patterns of meter malfunction and potential theft of power. Similar approaches have been used to detect fraudulent credit card usage in the financial services industry for some time. 

Question 11:

Are other utilities using ANNs to detect anomalous consumption patterns? How do ANNs compare with other methods? What has the experience been of the system performance on large volumes of data in a production environment? 

Paper 4/20 (Brazil) presents a cost benefit model for utility energy conservation and DSM programmes. This is illustrated upon a distribution feeder with a 9% load growth rate where a programme of replacing incandescent lamps with mercury vapour is being considered.

Paper 4/22 gives hourly demand curves for residential end uses in Argentina. They provide considerably more specific information than the total demand curve for the customer. It is concluded that lights, refrigerators and video appliances add up to more than 75% of total electricity use. 

A number of energy conservation and load management approaches are reviewed and if all were introduced it is calculated that maximum demand could fall by as much as 40%. Their conclusions highlight the difficulty of introducing such measures in a deregulated market.

Question 12:

In some countries the distribution company can levy a small charge and use this to fund energy efficiency schemes (e.g. $1.6/customer in UK). Has this type of scheme been considered in Argentina? Can delegates suggest other effective mechanisms especially for deregulated markets?

Paper 4/24 from Brazil describes a comprehensive methodology for comparing a range of DSM and supply alternatives. The results from DSM actions already deployed are used to apply the methodology to evaluate 15 DSM and 6 supply (increased energy purchase) options. The multi criteria approach demonstrates how the benefits for customers, community, utility and the economy can be combined. Overall the best DSM options were favoured over the supply options.

Question 13:

How would the analysis change for a business that only ran the wires and was not involved in generation or retailing power?

Question 14:

Load curves and the individual end use profiles can differ  significantly between areas and countries (c.f. 4/22 and 4/24). What impact does this have upon the methodology that can be practically applied and its conclusions?

Paper 4/23 describes the design and implementation of a DSM selection technique and its application to 1,691 large power users in Egypt. It concludes peak reduction from DSM load shifting are economically attractive compared with generation investment. They also have positive environmental effects from reducing fuel burn and the operation of lower efficiency power stations. 

Paper 4/26 describes a pilot trial with 432 LV customers in Brazil for achieving peak demand reduction through time of use tariffs. Implementing the 3 period tariff  relies upon deployment of electronic meters with an automated reading system. Results to date show customers are changing their habits to reduce their electricity bill.  The reduction in peak hour usage reached 15%.

A linear programming approach to direct load control for both water heaters and air conditioners is demonstrated in dialogue paper 4/p5 (Yugoslavia). The optimal control strategy is shown to achieve peak reductions from 3% to 7% as the number of loads under control is increased. 

Question 15:

A range of methods for selecting DSM programmes are available, including those referred to in the 6 papers  above. Can authors and delegates comment upon the institutional and market drivers that need to be in place for success implementation? 

Where restructuring of  utilities and fully competitive markets are in place the traditional DSM activities struggle to gain support. This effect has been seen in areas as widespread as Scandinavia, UK, New Zealand and Australia. Paper 4/25 from Finland demonstrates how retail competition has stimulated the identification of new products and services some of which have a demand management dimension. They conclude that power quality services have the best potential for network operators.

Question 16: 

Can IRP and DSM programmes survive to assist in meeting the world goals for CO2 limitation as restructuring and competitive markets spread?

Question 17:

Will customers be willing to pay a significant sum for better power quality? Do delegates have quantified experiences of the take up of premium tariffs or services that offer a higher level of quality than normal?
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