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ELECTRICAL INTEGRATION

1 Weak Grids

It is by now well appreciated that one of the economic factors limiting the exploitation of Europe’s wind resource is the predominantly weak existing public electricity network in those areas most attractive for installation of wind turbines. The basic problem is that the distribution systems were designed to distribute power to consumers and not to collect it. The problem is therefore an economic one. A large development on a good site may be able to justify building a long feeder to a relatively strong point on the existing network. Some of the main issues are;
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1.1 Steady-state voltage

The real and reactive power due to the wind turbine or wind farm will affect voltages on the network as it flows through the network impedances. For weaker networks, the effects are greater.

1.2 Voltage step changes

Utilities specify limits on the maximum instantaneous step change in voltage that a customer can cause. Wind turbines can cause voltage step changes when starting, or when changing between generators. For very weak points on a network, this issue may be the limiting factor on the number and size of wind turbines that may be connected.

1.3 Flicker

Wind turbines result in fluctuations in real and reactive power, and hence voltage, in the utility network. Voltage fluctuations can cause customer annoyance through the phenomenon of 'flicker' where the light intensity from incandescent lighting fluctuates perceptibly. Variable-speed wind turbines generally produce significantly lower flicker than fixed-speed machines. Flicker can be an important issue for weak networks. The limits on the flicker produced by an installation vary between utilities. Some have a fairly simple process, whereas the international standards [11] describes a complex methodology designed to share out equitably the flicker capacity of the network amongst all network users.

1.4 Harmonics

On weak rural networks, there can be significant existing levels of harmonics from domestic consumers, which may already exceed the stated limits. These are principally the 5th and 7th orders, peaking in the evenings as televisions are switched on.

1.5 Voltage unbalance

On weak networks in rural areas, the majority of customer loads are single-phase. If these are not correctly shared out between the phases, voltage unbalance will result. Induction machines connected to such networks will act to reduce the unbalance, but in the process will be subject to overheating. It is known that in some cases voltage unbalance has been above the specified levels, and significant wind turbine downtime has occurred.

2 Power Quality

The issues of flicker and harmonics, and other related issues, come under the heading of “power quality”. A standard for power quality of wind turbines is currently being by a Working Group of the IEC, with members drawn from the international wind industry. The full exploitation of Europe’s wind energy potential requires sensible and well considered regulations which govern connection to the grid. There is a need for the wind industry to question the rigid utility criteria based on the ratio of wind turbine capacity to short circuit power, which are resulting in unnecessarily expensive network connections.

3 Network costs and benefits

The possible costs and benefits to an electricity system due to "embedded" generation (generators connected within the distribution system, close to customers) has been subject of much recent discussion in the industry.

3.1 Losses

Energy is lost as electricity is transported from large centralised power stations to the consumers. In some cases, embedded generators are credited with an estimate of the value of this benefit to the network.

3.2 Transmission system benefits

Apart from losses, the major part of the costs of running a transmission system is related to the capital cost of providing transmission system capacity, in particular the peak capacity required for only a short period each year. Clearly, embedded generation is situated close to consumer loads, and therefore reduces the demands on the transmission system.

3.3 Distribution system reinforcement

The existence of embedded generation can release capacity in a distribution system. This can allow system reinforcement to be deferred and/or allow new customer load to be connected. This provides savings for the utility and, consequently, for its customers. As wind is a highly intermittent generation source, usually without control of power factor, any such benefit is likely to be small, and will be site-specific.

3.4 Improved reliability of supply

This benefit arises from embedded generation being essentially dispersed generation on the distribution network. On a meshed distribution network, a fault on one component of the network may lead to overloading of other plant items, and further failures resulting in loss of supply to consumers. Any generation embedded on that network reduces the likelihood of overloading and loss of supply.

3.5 Environmental costs and benefit

Environmental costs/benefits of any type of generation are, on the whole, widely acknowledged yet any attempts to put a monetary value on them are usually hotly disputed and rarely accepted. The burning of fossil fuels such as oil, gas and coal produces emissions which, to various extents, cause social and environmental damage which has to be paid for. The full cost of climate change is by no means fully appreciated yet. Increasingly unsettled weather patterns, rising sea levels and increasing incidence of disease all have huge potential social and economic costs associated with them.


