Grid Operation and Coordination with Wind - 4
1. Introduction
In these notes, we want to consider issues related to dispatch and scheduling of wind. 

By dispatch, we refer to the allocation of the demand to the interconnected units. Generally, this problem is solved on-line, every 15 minutes to 1 hour.

By scheduling, we refer to the interconnection of units. Generally, this problem is solved a-priori, as much as 1 week ahead, more commonly a day ahead, and sometimes a few hours ahead.

These issues can be considered from the point of view of a generation owner: how to perform dispatch and scheduling of their units with increasingly large amounts of wind penetration?

These issues can also be considered from the point of view of a market operator: how to handle increasingly large amounts of wind in electricity markets?
We will consider both issues in these notes.
Most areas of the US today, and many in the world, utilize electricity markets to perform dispatch and scheduling. There are still some areas, however, where this is not the case, for example, in the southeastern portion of the US.

Even in regions where electricity markets operate, there is still need for owner dispatch and scheduling since a single owner may make bid into the market but utilize a fleet of generation to provide energy. And so that owner will need to operate their fleet at the very lowest cost possible, and to do so, they would perform traditional dispatch and scheduling of their units. We will cover this situation in this section. In the next set of notes, we will look at the same situation from the perspective of an electricity market owner.
2. Communication
One issue is the ability to communicate control signals to wind farms. All indications are that this has not been a problem, particularly for new wind plants which have been equipped with effective ability for two-way communications, including SCADA/remote terminal units (RTUs) and the necessary telemetry, or through intercontrol center communication protocol (ICCP). For older wind plants, the worst case is that communication is achieved manually via telephone. 
There are a couple of recent publications on this issue. For example, reference [
] describes an advanced communications design for wind plants.  Reference [
] describes a communication network for condition monitoring of wind turbines. Florida Power & Light Company, as the largest owner of wind capacity in the US, has an extensive condition monitoring network throughout all of their wind plants continuously monitoring and controlling their turbines.

The point of this section is that the ability to communicate the dispatch signal to a wind plant is not a problem.

3. Maximize wind production - dispatch
3.1 The redispatch approach

A common way to operate wind, at least for relatively low penetration levels, is to allow it to generate to its maximum capability at any given moment, unless and until a transmission overload occurs. The transmission overload may simply be identified in the owners control center (via their EMS function). In the eastern interconnection, it may be observed at a higher level (e.g., the ISO) who would then issue a transmission loading relief (TLR) order for the owner to modify generation to relieve the overload.
In this case, assuming the owner has multiple generation units, there may be a decision to make in regards to which generation to shift. Assuming the owner is operating their generation fleet in the most economic condition possible when they get the TLR order, any generation shift will necessarily result in an additional cost. The objective of the owner is to minimize the additional cost, i.e., to find the most economic condition that alleviates the overload and satisfies the TLR order. 

This is achieved by solving the min-cost redispatch problem.
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Objective function – minimization of costs
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Summation of the generation shift factors (Gij) multiplied by the shift in generation (∆Pgk) at a given generator, equal to the required transmission loading relief (TLRij) on the designated line from i to j. This relation can also be expressed in vector notation as G∆P= TLRij. 
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The generators must operate within their limits
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Summation of generation movements must be less than user-specified value. This enables user to constrain the number of units redispatched.
The last constraint is important to operators because the more units that must be redispatched, the more complex the task becomes. System operators appreciate simplicity. This constraint is used as follows. 
1. Let MoveMax=BIG, where BIG is a very large number for which one can be confident will not bind.

2. Solve the problem.

3. If solution is acceptable, in terms of number of units, stop.

4. Otherwise let MoveMax=MoveMax/2. Go to 2.

If the goal of the dispatcher is to maximize wind energy production, then the above problem can be solved by 
· modeling the wind units with very high coefficients in their corresponding cost function C(∆PGi), and 

· letting Pmaxk=Pgk in the generator limit constraint 
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. This ensures that wind units will only be ramped down. Of course, if a wind plant does have ramp-up capability, then the appropriate level of maximum generation can be used here. 

This approach results in a solution for which wind production is reduced only in the last resort.
3.2 Use of system protection schemes

In the above minimum cost redispatch problem, it is assumed the required reduction TLRij on circuit ij will satisfy both the normal condition constraint and the security (N-1) constraint. Because loading limits for a circuit are typically higher for N-1 requirements (where emergency limits are imposed) than for normal conditions (where continuous limits are imposed), either can be constraining. 
If it is observed that a particular circuit would frequently hit a limit imposed by a security (N-1) condition, then so-called system protection schemes (SPS), also known as remedial action schemes (RAS), may be considered. 

These schemes allow operation where the security (N-1) constraint is exceeded but the normal condition constraint remains satisfied. This is acceptable if an SPS is in place to react to the contingency if it occurs so that the appropriate amount of generation, at the appropriate location, will be tripped to reduce the post-contingency flow on the overloaded circuit.

SPS have become very popular for wind plants. Reasons for this popularity are as follows:

· Wind plants, being most attractive where the wind is strong, are typically built where transmission is weak, because it is often the case that population density is low where the wind is strong (mountains and plains).
· Because wind plants are often built where the transmission is weak, it is often the case that the wind plant capacity is limited by the transmission. 

· If the limiting transmission constraint is a security (contingency)-imposed constraint, then SPS may be considered as a possible alternative.

· In addition to SPS, there are generally two other alternatives: 

· Reduce the capacity of the wind plant.

· Build more transmission

· SPS typically only requires a computer, communication, and switchgear, but no land, poles, or wires. Therefore, relative to the alternatives, SPS is cheap. Most wind plant developers prefer it.

3.3 Dispatch with reserves and emissions reduction
Reference [
], a well-done paper, provides a dispatch formulation that accounts for the need to deploy reserves. In addition, it computes SO2, NOX, and CO2 emissions. We describe this work in what follows, paraphrasing heavily. A simplified version of the model is:
min 
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Objective function – minimize power and reserve costs


subject to
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Sum of generation equals load
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Sum of unit reserves equals or exceeds reserve target.
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The generators must operate within their limits.
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Unit reserve must lie within limits.
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Summation of generation movements must be less than user-specified value. This enables user to constrain the number of units redispatched.
Once a feasible dispatch is attained using the model described above, the resulting emissions from the conventional units are calculated for each hour using specific emissions information for each individual generator.

Although wind generation has an impact on emissions, the extent of this impact is largely due to the plant mix available. The emissions savings to be gained by an alteration to the status-quo system operation is predominantly dependent on the plant fuel type to be affected by this change. Thus, the effects of wind generation in a system with a large installed capacity of coal and oil plants, for example, will differ significantly from the same level of installed capacity in a system with a predominance of gas fired plant.
The emissions output was studied for different levels of wind penetration, under two operating paradigms, the fuel-saver mode and the wind-forecasting mode. These two modes are very well described in [
].
· Fuel saver mode: Here, the day-ahead decision is made regarding unit commitment assuming wind generation will be zero. Then, in real-time, conventional generation will reduce output to compensate for the wind generation, and so fuel is saved. However, no units are de-committed.

· Wind-forecasting mode: Here, the day-ahead decision is made regarding unit commitment accounting for wind generation as predicted by a wind forecast.
The fuel-saver mode results in a very secure system. The wind-forecasting mode results in a less expensive system. 

It is typical for operational organizations to take the fuel-saver approach when wind penetration is low. The wind-forecasting mode is more common among those operational organizations having control areas with high wind penetration levels. A threshold that is often used to delineate between the low and high wind penetration levels is 10%. 
In [3], the above model was applied to the Irish system, as described in the below.

[image: image12.emf]
[image: image13.emf][image: image14.emf][image: image15.emf]
[image: image16.emf]
[image: image17.emf]
[image: image18.emf]
[image: image19.emf]
[image: image20.emf]
[image: image21.emf]
[image: image22.emf]



























































































































[�] Nian Liu, Jianhua Zhang, Member, IEEE, and Wenxia Liu, “A Security Mechanism of Web Services-Based Communication for Wind Power Plants,” IEEE TRANSACTIONS ON POWER DELIVERY, VOL. 23, NO. 4, OCTOBER 2008. 


[�] Anaya-Lara, O.   Jenkins, N.   McDonald, J. R. , “Communications Requirements and Technology for Wind Farm Operation and Maintenance,” Industrial and Information Systems, First International Conference on Publication Date: 8-11 Aug. 2006, page(s): 173-178.


[�] Eleanor Denny and Mark O’Malley, “Wind Generation, Power System Operation,and Emissions Reduction,” IEEE TRANSACTIONS ON POWER SYSTEMS, VOL. 21, NO. 1, FEBRUARY 2006.


[�] B. Fox, D. Flynn, L. Bryans, N. Jenkins, D. Milborrow, M. O’Malley, R> Watson, and O. Anaya-Lara, “Wind Power Integration: Connection and system operational aspects,” Institution of engineering and technology, 2007.  





1

_1301853958.unknown

_1301854052.unknown

_1301854272.unknown

_1301854283.unknown

_1301854152.unknown

_1195976259.unknown

_1195977846.unknown

_1196081106.unknown

_1174764140.unknown

