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ABSTRACT

This paper proposes an improved adaptive Lagrangian relaxation (ILR) for ramp rate
constrained unit commitment problem. The proposed ILR minimizes the total supply cost subject to
the power balance, 15 minute spinning reserve response time constraint, generation ramp limit
constraints, minimum up and new down constraints. ILR is improved by new minimum down time to
account for startup and shut down ramp constraints, new initialization to obtain a high quality
initial solution, dynamic economic dispatch to include the operating ramping limits, and adaptive
Lagrangian multipliers to speedup the convergence. If the 24 hour schedule is feasible, dynamic
economic dispatch by quadratic programming is used to minimize the production cost subject to the
power balance and new generation ramp operating frame limit. For hours with insufficient 15
minute response time spinning reserves, repairing strategy by quadratic programming is used to
minimize the generator fuel cost subject to power balance, generator operating ramp rate limit, and
15 minute spinning reserve response time constraints. The proposed ILR algorithm is tested on the
26 unit IEEE reliability test system. It is shown that ILR could obtain a higher quality solution than
dynamic economic dispatch based on artificial neural network.

1. INTRODUCTION

Unit commitment (UC) is used to schedule the generators such that the total system production
cost over the scheduled time horizon is minimized under the spinning reserve and operational
constraints of generator units. UC problem is a nonlinear, mixed integer combinatorial optimization
problem. The global optimal solution can be obtained by complete enumeration, which is not applicable
to large power systems due to its excessive computational time requirements [1].

Ramp rate constrained unit commitment (RUC) was solved by mixed integer linear programming
(MILP) [2], enhanced dynamic programming [3], artificial neural network (ANN) [4], Lagrangian relaxation
(LR) [5-12], augmented Lagrangian relaxation (ALR) [13-15], and dynamic priority list [16]. In [4], a unit
commitment solution was first obtained without ramping constraints. Thereafter, a dynamic adjusting
process is adopted to obtain unit commitment schedule considering the ramping constraints. To
satisfy the startup process, the constrained units were adjusted by changing their status from ‘0’ to ‘1’
for a few hours earlier, leading to overcommitment. In [7], the objective function was augmented with
an additional ramping cost, which was related to the depreciation in shaft life.

LR is the most efficient method to solve UC problem [17]. LR decomposes the main problem
into unit subproblems solved by dynamic programming. This simplifies the problem significantly.
However, ramping constraints in UC problem requires enlarging state spaces dramatically [6], [8], [9],
[14], for dynamic programming to solve each unit subproblem. The total number of states is the sum of
number of down states, number of ramp up states, number of up states, and number of ramp down
states [6].
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Load Method CPU time (s) Cost($) 
ANN [4] 12.0 729,326.5 Load A 

ILR 76.9 725,996.9 
ANN [4] 14.0 613,653.6 Load B 

ILR 119.6 594,116.5 
 

Load CPU time (S) Cost($) 

Load A 161.5 720,641.9 

Load B 122.0 576,625.7 
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Hour  
1 2 3 4 5 6 

Load (MW) 1700 1730 1690 1700 1750 1850 
Hour  

7 8 9 10 11 12 
Load (MW) 2000 2430 2540 2600 2670 2590 

Hour  
13 14 15 16 17 18 

Load (MW) 2590 2550 2620 2650 2550 2530 
Hour  

19 20 21 22 23 24 
Load (MW) 2500 2550 2600 2480 2200 1840 

 

�	'���8�����3	����?�	��0

Hour  
1 2 3 4 5 6 

Load (MW) 1430 1450 1400 1350 1350 1470 
Hour  

7 8 9 10 11 12 
Load (MW) 1710 2060 2300 2380 2290 2370 

Hour  
13 14 15 16 17 18 

Load (MW) 2290 2260 2190 2130 2190 2200 
Hour  

19 20 21 22 23 24 
Load (MW) 2300 2340 2300 2180 1910 1650 
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Unit min,iP  

(MW) 
max,iP  

(MW) 

ci 

(k$) 
bi 

(k$/MW) 
ai 

(k$/MW2) 
Ti,up 

(h) 

Ti,down 

(h) 

Init. 
Stat. 
(h) 

UHi 

(h) 

DHi 
(h) 

URi 
(MW/ 
min) 

DRi 
(MW/ 
min) 

NTi,down 

(h) iχ ($) iδ ($) iγ (h) 

1 2.4 12.0 0.02533 25.5472 24.3891 0 0 -1 0 0 0.8 1.0 0 0 0 1 
2 2.4 12.0 0.02649 25.6753 24.4110 0 0 -1 0 0 0.8 1.0 0 0 0 1 
3 2.4 12.0 0.02801 25.8027 24.6382 0 0 -1 0 0 0.8 1.0 0 0 0 1 
4 2.4 12.0 0.02842 25.9318 24.7605 0 0 -1 0 0 0.8 1.0 0 0 0 1 
5 2.4 12.0 0.02855 26.0611 24.8882 0 0 -1 0 0 0.8 1.0 0 0 0 1 
6 4.0 20.0 0.01199 37.5510 117.7511 0 0 -1 1 0 0.508 1.167 1 20 20 2 
7 4.0 20.0 0.01261 37.6637 118.1083 0 0 -1 1 0 0.508 1.167 1 20 20 2 
8 4.0 20.0 0.01359 37.7770 118.4576 0 0 -1 1 0 0.508 1.167 1 20 20 2 
9 4.0 20.0 0.01433 37.8896 118.8206 0 0 -1 1 0 0.508 1.167 1 20 20 2 
10 15.2 76.0 0.00876 13.3272 81.1364 3 2 3 2 1 0.642 1.333 3 50 50 3 
11 15.2 76.0 0.00895 13.3538 81.2980 3 2 3 2 1 0.642 1.333 3 50 50 3 
12 15.2 76.0 0.00910 13.3805 81.4641 3 2 3 2 1 0.642 1.333 3 50 50 3 
13 15.2 76.0 0.00932 13.4073 81.6259 3 2 3 2 1 0.642 1.333 3 50 50 3 
14 25.0 100.0 0.00623 18.0000 217.8952 4 2 -3 2 2 0.850 1.233 3 70 70 4 
15 25.0 100.0 0.00612 18.1000 218.3350 4 2 -3 2 2 0.850 1.233 3 70 70 4 
16 25.0 100.0 0.00598 18.2000 218.7752 4 2 -3 2 2 0.850 1.233 3 70 70 4 
17 54.25 155.0 0.00463 10.6940 142.7348 5 3 5 3 2 0.917 1.300 5 150 150 6 
18 54.25 155.0 0.00473 10.7154 143.0288 5 3 5 3 2 0.917 1.300 5 150 150 6 
19 54.25 155.0 0.00481 10.7367 143.3179 5 3 5 3 2 0.917 1.300 5 150 150 6 
20 54.25 155.0 0.00487 10.7583 142.5972 5 3 5 3 2 0.917 1.300 5 150 150 6 
21 68.95 197.0 0.00259 23.0000 259.1310 5 4 -4 4 2 0.917 1.650 6 200 200 8 
22 68.95 197.0 0.00260 23.1000 259.6490 5 4 -4 4 2 0.917 1.650 6 200 200 8 
23 68.95 197.0 0.00263 23.2000 260.1760 5 4 -4 4 2 0.917 1.650 6 200 200 8 
24 140.0 350.0 0.00153 10.8616 177.0575 8 5 10 5 3 1.167 2.000 6 300 200 8 
25 100.0 400.0 0.00194 7.4921 310.0021 8 5 10 8 4 0.842 1.667 8 500 500 10 
26 100.0 400.0 0.00195 7.5031 311.9102 8 5 10 8 4 0.842 1.667 8 500 500 10 

 




