HW # 5: 

This assignment refers to Example 1 of the 9/29/04 notes on piecewise linear cost curves. In that example, we used a load of 217.87 MW.

Repeat this problem for LOAD=400 MW using (a) the Newton approach, (b) Lambda iteration, and (c) LP. Compare your results and explain any differences.

Solution: 

(a)
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F.O.C:
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In matrix form, this is:
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Solving for the vector of unknowns yields
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We check to ensure the solution is feasible by determining whether the generation values are within their respective limits, as given by  


[image: image5.wmf]200

50

1

£

£

P



[image: image6.wmf]150

5

.

37

2

£

£

P



[image: image7.wmf]180

45

3

£

£

P


Note that if we were to obtain an infeasible solution, then our approach would be simple: just set the variable to whatever limit is violated in the infeasible solution, and repeat the procedure. In the repeated procedure, we would have an additional equality constraint corresponding to the variable that gets set to its violated limit, and this additional equality constraint would be included in the Lagrangian function multiplied by a new Lagrange multiplier.

The objective is evaluated as
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So the minimum cost to supply the 400 MW is $5412.6/hr.

(b) From the first order conditions derived above, we can solve for the generation values according to:
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Then let’s make a first guess of λ=10. Plugging into the above, we obtain a total generation of -231.45, obviously too low. So we need a higher value of lambda. Let’s try 14. Plugging into the above, we obtain a total generation of 638.62. Obviously too high, but now we have enough information to interpolate according to:
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So we obtain exactly the same answer with the lambda iteration technique as we did with the Newton approach. The fact that we were able to obtain the same answer in only one iteration is due to the fact that the incremental cost curves are linear. If they were nonlinear, then we would need to iterate more than once in order to obtain the correct solution.

So now plug into our generation equations the value of λ=12.903, and we find the generation values as

P1=115.7624

P2=144.5047
P3=139.7244.
(c) The Matlab code is given below:

%Load is system load plus losses

Load=400;

%summingen is the sum of minimum generation levels

summingen=50+37.5+45;

%Build objective function vector.

c=[12.46 13.07 13.58 11.29 12.11 12.82 11.83 12.54 13.20]';

%We will not use A or b but will instead use LB and UB.

A=[ ];

b=[ ];

%Build Aeq matrix for equality constraints. Since there is only one

%equality constraint, only the top row has non-zero elements. All of these

%elements are "1" because the constraint is 

%                sum of variables=load-sum of minimum generation

Aeq=zeros(9);

Aeq(1,:)=1;

%Build right-hand side of equality constraint. It will be vector of zeros

%except for element in first row, which is load-sum of minimum generation

beq=zeros(9,1);

beq(1)=Load-summingen;

%Build upper and lower bounds on decision variables.

LB=[0   0  0  0     0   0  0  0 0]';

UB=[50 60 40 32.5  60  20 45 50 40]';

[X,FVAL,EXITFLAG,OUTPUT,LAMBDA]=LINPROG(c,A,b,Aeq,beq,LB,UB);

The solution is given by:

X =
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Given the P1min=50, P2min=37.5, P3min=45, we see that the solution in terms of total generation at each unit is:
P1= P1min +P11+P12+P13=50+50+10+0=110,

P2= P2min +P21+P22+P23=37.5+32.5+60+20=150
P3= P3min +P31+P32+P33=45+45+50+0=140

Also, Matlab provides FVAL=3263. This is what we called “Z” in the notes. Remembering that we must add to Z (the objective function of the linear program) the sum of the cost functions evaluated at the minimum generation level, which is C1(50)+C2(37.5)+C3(45) and was determined above to be 2153.855, we find the total cost rate at the optimum dispatch for the 400 MW loading is 2153.855+3263=5416.855 $/hr.
From the Matlab array called LAMBDA.eqlin, we may find that the value of λ is 13.07.
The Lagrange multipliers of the lower inequality constraints are, from LAMBDA.lower:

    0.0000

    0.0000

    0.5100

    0.0000

    0.0000

    0.0000

    0.0000

    0.0000

    0.1300

This indicates that only P13 and P33 are at their lower limits (0). These are the most expensive increments of generation, and at the 400 MW loading, are the only ones that are not required to satisfy the load.

The Lagrange multipliers of the lower inequality constraints are, from LAMBDA.upper:

    0.6100

    0.0000

    0.0000

    1.7800

    0.9600

    0.2500

    1.2400

    0.5300

    0.0000

This indicates that P11, P21, P22, P23, P31, and P32 are at their upper limits. These are the least expensive increments of generation, and at the 400 MW loading, are all required in order to satisfy the load.
------------------------------------------------

Let’s summarize the results from the three methods:

	
	Newton (part a)
	L-iteration (part b)
	LP (part c)

	P1
	115.8 MW
	115.8 MW
	110 MW

	P2
	144.5 MW
	144.5 MW
	150 MW

	P3
	139.7 MW
	139.7 MW
	140 MW

	Objective
	$5412.6/hr
	$5412.6/hr
	$5417/hr

	λ
	$12.9/MWhr
	$12.9/MWhr
	$13.07/MWhr


The Lambda-iteration method and the Newton methods agree exactly, and the indicated solutions are in fact THE solution to this problem. 
The LP method differs slightly in the values of the generation levels. The reason for this is that approximation made in the cost curves (i.e., linearizing them). However, the objective function for the LP method is greater than that of the other two methods, illustrating the fact that approximations will cost money.
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