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Table 36:Comparing the different methods used optimize the generator reserve.

[4]

(5]

[6]

[7]

(8]

o

R Ferrero et al [10]

How is the reserve optimised

Price for reserve is used along with
unit reliability to find the balance
between the cost of reserve and

For small isolated power
systems
After loss of unit

Reserve minimization is part of the
objective function and the reserve is

Reserve is optimised w.r.t. cost-
benefit analysis. Cost to provide

The power system is dived
into 4 areas, the amount of

Look at cost and risk when
allocating reserve in a

The spin reserve are
optimally allocated and

not explicitly optimised. reserve is compared to the cost of | reserve and load shedding power system. priced using this
risk of not providing for it. economic dispatch is done not supplying reserve. for that area are determined. method.
sp < 01 Fop S=- to determine minimum If generation is lost the
- reserve to prevent under reserve and load shedding
frequency load shedding must compensate for gen.
What indices are used in the IEAR PPLL (what is costs the Not stated IEAR Not stated CBSRAM RBSRAM Not stated.
optimization SMP utility) EENS
Is UC considered Yes Yes Yes No No Yes Yes.

What method are used for the
optimization

Augmented Lagranain dual
function with recurrent Neura!
Network from Hopefield type

Heuristic method (see the
paper for details)

Mix integer linear programming
coordinated over time by dynamic
programming

Heuristic method (see paper)

Bender’s Decomposition.
System response is
simulated using Runga-
Kutta, Newton Rhapson for
load flow.

Heuristic method is used
to allocate spin reserve in
the power system.

Lagrianian Relaxation.

‘What constraints are used in the UC | Min up and down time Min and Max MW Min and Max MW N/A N/A Cost of spin reserve. Reserve at each bus.
problem Min and Max MW values Demand constraint Max reserve Risk of allocating reserve | Line flow constraints.
Unit FOP Emissions Min up and down time at a specific bus. Gen power must be
Time off equal to demand, local
Cooling time and export reserve.
Unit failure rates
For UC is the Cost function linear, Non linear Not stated Piece wise linear N/A N/A Not stated. Not stated.

quadratic, ect.

What makes the paper unique

Determines only to supply reserve

Method for small isolated

Balance between reliability and cost

Model is used for Pay-as-bid and

Specific for the Northern

Allocate reserve based on

Looks at line losses,

or not, doesn’t optimise reserve power systems but didn’t include SMP uniform price model Chilean supply industry. cost and risk. local and export
reserve.
What different plants are considered | Thermal but it can be applied to Not stated Not stated Not stated Not stated. But applicable to | Not stated. Not stated.
other as well any plant.
Disadvantages Determines only to supply reserve | Determines only to supply | Determines only to supply reserve or | Not stated Not stated Not stated. Not stated.
or not, optimise reserve w.r.t. cost | reserve or not, optimise not, optimise reserve w.r.t. cost of
of interruption to the utility reserve w.r.t. cost of interruption to utility.
interruption to utility Medium size power system.
Small power systems Fixed emergency requirement.
Doesn’t look at dynamic
characteristics of Gen
L response
Assumptions Eossless system without Not stated Not stated Not stated Not stated Not stated. Not stated.
transmission constraints.
Is this method practically . Test system of 17 Thermal units 17 Bus system, but has 17 Bus test system. IEEE Yes, North Chilean supply IEEE RTS9% 3-Bus system is used.
implemented not been implemented RTS96 industry (1300-1600 MW)
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Table 37: The reliability cost/ reliability worth methods.

Billington et al {1]

Gooi et al [3]

Pabot [12]

How is the reserve optimized

Reliability cost/ reliability worth method

Risk index =(Product of 7 COPT) + (Demand Probability)
Combines Lagrangian Relaxation with UC to determine the optimal reserve based
on a predefined risk index and cost of EENS.

Reliability cost/ reliability worth method

How is the generation model COPT with COPT with COPT with

modelled Unit capacity Min up and down time Unit capacity
Forced outage rates Initial conditions Forced outage rates
Failure rates Unit availability Failure rates
Repair rates Must run and duration schedules Repair rates

How is the load model modelled

The exact-state type load model is used to represent the sequence of
discreet load levels.

Load forecast is normally distributed with a 7-step probability level model for the
expected demand.

Load uncertainty is represented with load curves and
associated probabilities up to 9 load curves.

How is the cost model modelled

The cost of interruption with their distribution of energy and peak for the
service area or the CCDF.

Cost of EENS vs. Risk of supplying reserve.

The CCDF were obtained by a survey conductaiﬁ
each consumer group.

What different plants are considered | Coal, Not stated Coal, T
Hydro, Hydro,
Nuclear, Nuclear,
Oil and Gas and
Gas Pumped storage
Disadvantages Not stated Doesn’t consider reliability of individual units

Doesn’t consider the increase in reliability after a forceﬂ

Assumptions

The probability distribution for a unit for a month is the same for a whole
study period.
The running costs for a unit will rise in a linear form.

Unit failures are exponential
Load forecast uncertainties are nominal distributed

outage.

A 2 state Markov model.

There is no limit on the number of units which can be
replaced.

The failed units can only be replaced at the end of the

day.

Is this method practically
implemented

RTS96.

26 Generator system.

Eskom network.
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Table 38: A comparison of the elementary methods used in the unit commitment problem.

Linear Programming

Network Flow

Dynamic Programining

Quadratic Programming

Objective Function

Linear / Linearized

Linear/ Linearized

Separable (decomposable into “‘step”’-decisions)

Quadratic.

Constraints Linear Linear/ Linearized, variable coefficients only (0,-1,1) Almost any Linear/ Linearized.
Variables Continuous Continuous {(or quasi-contituous integer) Discreet/ discretized. Contisuous.
Usage Single or with MIP, SLP Single or with MIP, SLP Single or with LR,SDP Single or with LP, B&B
Advantages Give a fast solution. Much faster than LP-algorithms. Any problem, which can be, stated as separable High accuracy if load dispatch is
Solve big problems that cannot be solved by other algorithms. Losses in flow can be modelled. state fransitions can be optimized. required.
Capable to deal with side constraints like load balance.
Disadvantages Not stated. Not stated. Has to be customized for each problem. Because only continuous

Number of independent discreet variables is
limited-determining system states- is very low,
because the number of states is determined by full
enumeration of all variables.

Therefore only a small system can be optimized.
To solve larger system heuristic methods are used
to reduce the number of state ransitions.

variables are used, this method is

not used in UC but in load
dispatch.

Computational Time

Linear w.r.t. number of constraints.
Dependant on the application and LP-formulation.

Less than quadratic w.r.t. problem size.
100 times faster than LP for Network problems.

Exponential w.r.t. number of system states.
Linear w.r.t. number of transitions.
Decreasing w.r.t. number of constraints.

Dependent on the problem.
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Table 39: A comparison of the high level methods used in the unit commitment problem.

Mixed integer (Linear) Programming Branch and Bound Lagrangian Relaxation Successive Linear Successive Dynamic | Benders Simulated Genetic Algorithm j
Programming Programming decomposition Annealing
Eype Mathematical decomposition (no Decomposition/ Decomposition / Heuristic l Heuristic Optimization ]
optimization) Optimization. | Optimization Optimization
Objective Linear, piece wise linear, non convex Almost any. Unimodal Separable Almost any Almost any T
Function ¢
Constraints Linear, piece wise linear and discrete Almost any. Convex solution space. Almost any rAlmost any [ Almost any
variables 1
[ Variables Continuous, Boolean, discrete, piece-wise Boolean, discrete, integer. Continuous Discreet/ discretized Discreet or Discreet or continuous.
continuous. continuous. ..
Usage Single or with Heuristics In combination with LP, QP Only with other methods, LP, DP, Single with LP or with B&B Single or with LR Only with other Single or with Single or with other W
ect. and LR. methods like LP, other methods. methods.
QP, ect.
Advantages Find the optimal solution even for non- It has an upper limit for the Applied to non-linear problems
convex problems. difference between the solution for with continuous variables.
continuous and discreet variables.
The search strategy can be optimized
by choosing the order in which the
| variables are discretized.
Disadvantages Algorithm has to be cut off to decrease Not stated. Only used on a unimodal cost | Optimization depends No proof of 1
calculation time. The “so-far best” solution is function. strongly on the optimality,
accepted and maybe not the best one. decomposition of the because itis a
problem. If a solution heuristic method.
converges there is no
J proof that it is the
optimal one. o
Computational Exponential w.r.t. number of discreet Exponential w.r.t. number of Linear increasing w.r.t. number | Dependent on the Dependent on Dependent on the
time variables. variables. of iterations. implementation and the implementation and the
Strongly problem dependent. Decreasing with number of Otherwise determined by the the problem. implementation | problem.
Decreasing with number of constraints for constraints. LP algorithm. and the problem.
discreet variables.

Note: High-level methods are often rather a solution process than an optimization method. The UC problem is replaced by a sequence of simpler problems which can be solved by one or several of the elementary
methods. ’
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