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ABSTRACT

The use of transmission constrained unit commitment models to determine nodal energy
prices in electricity markets is widely recognized as an efficient way implement electricity market
that provide efficient pricing signals in the short term. However, complexities of unit commitment
models arising from non-convexities in generation cost functions and network models can cause the
absence of classical Walrasian equilibrium; this means that the unit commitment based dispatch
model will not be able, under some situations, to find a single equilibrium price for which the energy
market is cleared.  Based on recent research on non-linear pricing for single-node unit commitment
models, this paper proposes a transmission constrained non-linear pricing alternative based
coordination functions added to the classic decomposition Lagrangian relaxation algorithm to
solve transmission constrained unit commitment models. The new coordination algorithms finds
agent’s purchase and sell prices that coordinate the market in the obscene of classic equilibrium.

 Since non-linear prices differ for each agent connected to a transmission node, the value of
congestion rents is redefined so that the new pricing mechanism is taken in to account. The redefinition
of congestion rents is necessary so that the implementation of financial transmission rights, in their
varied forms, is still possible in order to provide a price hedging mechanism in the nodal spot
market.

1. INTRODUCTION

The evolution of the electricity industry, from a centralized and regulated situation, towards
a new philosophy of competition, has generated a wide range of organizational structures and market
designs [1-2]. Regarding spot market design there is a need to build a model that finds prices that clear
the market, in the Walrassian sense [3], for all the conditions in the transmission constrained system
[4, 5], and do not contain design elements that can prevent workable competition to be realized at the
spot market level.  In this paper, we dealt with power “Pool” energy auctions where central unit
commitment is used as the market clearing mechanisms such as in the original England and Wales Pool
[6], and the current PJM and NY-ISO markets [1].

Contrary to the goods or articles that are commercialized in other markets, electric power
cannot be stored; balance among power supply and demand has to take place at every time instant in
the system; in addition, several non-convex technical and security constraints have to be observed at
every time in the system [4].  For these reasons, the electricity market’s clearing mechanisms have to
take into account such characteristics, specially the transmission system and generators capabilities.
The incorporation of such characteristics in unit commitment models for the spot market require extra
considerations for its solution and, specially, for price determination.

For the solution to Transmission Constrained Unit Commitment (TCUC) models, the
Lagrangian Relaxation (LR) technique has become an industry standard due to its reliability to solve
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( )MW/$iβ  10 30 15 20 
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dp  i  *
ip  ic  ρ  *

ip×ρ  iπ  

1 81.36 1475.54 26.27 2137.33 661.78 
2 150.00 22500.00 270.00 40500.00 18000.00 
3 28.18 581.52 26.27 740.29 158.77 

270 

4 10.45 241.76 26.27 274.52 32.76 
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Supplier Retribution Demand Payments 

1 $   2137.33 1 $     525.40 
2 $ 40500.00 2 $ 67500.00 
3 $     740.29   
4 $     274.52    

Total $ 43652.14  $ 68025.40 
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dp  i *
ip  ic  ρ  *

ip×ρ  iπ  

1 150.00 1600.0 15.00 2250.00 650.00 
2 50.00 1150.0 20.00 1000.00 -150.00 

250 

3 50.00 880.0 15.00 750 -130.00 
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i 1 2 3 
( )MWpi  150 150 100 

( )$iα  100 150 130 

( )MW/$iβ  10 20 15 

 

Load Generation 

i dP  
iρ  *

ip  ic  ρ  *
ip×ρ  iπ  

1 100 15.65 150.00 1600.00 14.57 2185.50 585.50 
2 150 21.00 50.00 1150.00 23.00 1150.00 0.00 
3 - - 50.00 880.00 17.60 880.00 0.00 
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Supplier Retribution Demand Payments 
1 $   2185.50 1 $   1565.00 
2 $   1150.00 2 $   3150.00 
3 $     880.00   

Total $4715.00  $4215,50 
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eq
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20.33 19.67 19.00 18.34 17.67 
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j dp  nodalρ  nodaldp ρ×  i *
ip  ic  *

inodal p×ρ  iπ  

1 400.00 8.85 3540.61 1 12.00 334.60 1206.66 872.06 
2 250.00 11.67 2916.81 2 20.00 873.58 2011.10 1137.53 
3 450.00 8.72 3923.69 3 100.00 2079.90 5248.72 31678.82 
4 100.00 11.36 1135.92 4 12.00 336.33 634.37 298.04 
5 75.00 23.21 1740.89 5 76.00 1144.83 4017.66 2872.82 
6 50.00 26.33 1316.41 6 0.00 0.00 0.00 0.00 
7 90.00 14.53 1307.75 7 0.00 0.00 0.00 0.00 
8 125.00 14.53 1816.33 8 22.46 628.03 412.77 -215.26 
9 250.00 16.74 4185.51 9 6.98 207.13 183.75 -23.38 

10 75.00 18.37 1378.06 10 400.00 3610.84 6696.81 3085.97 
11 40.00 22.06 882.43 11 66.11 1003.06 960.66 -42.40 
12 100.00 52.86 5286.39 12 63.19 963.35 918.23 -45.12 
13 75.00 100.56 7541.64 13 0.00 0.00 0.00 0.00 
14 150.00 52.49 7873.08 14 337.10 3068.52 2983.89 -84.63 
    15 155.00 1910.82 2252.24 341.42 
    16 61.32 821.73 696.56 -125.17 
    17 2.28 313.18 53.02 -260.16 
    18 268.54 3202.01 3133.12 -68.89 
    19 322.95 2927.73 2815.89 -111.84 
    20 304.05 2778.13 2651.12 -127.02 
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SN  RN  *
ip  SN  RN  *

ip  

1 2 80 5 6 95 
2 3 100 6 13 35 
3 4 77 7 8 50 
4 5 120 9 10 90 
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Load Generation 

j dp  argρ  argdp ρ×  i *
ip  ic  argρ  *

iarg p×ρ  iπ  

1 400.00 9.10 3639.61 1 12.00 334.60 97.15 1168.79 831.19 
2 250.00 11.91 2978.68 2 20.00 873.58 97.89 1957.79 1084.22 
3 450.00 8.97 4035.06 3 100.00 2079.90 51.00 5100.21 3020.31 
4 100.00 11.61 1160.67 4 12.00 336.33 51.70 620.40 284.07 
5 75.00 23.46 1759.45 5 76.00 1144.83 51.09 3883.02 2738.19 
6 50.00 26.58 1328.79 8 22.46 628.03 27.96 628.03 0.00 
7 90.00 14.78 1330.03 9 6.98 207.13 29.68 207.13 0.00 
8 125.00 14.78 1847.26 10 400.00 3610.84 16.38 6552.18 2941.34 
9 250.00 16.99 4247.38 11 66.11 1003.06 15.17 1003.06 0.00 

10 75.00 18.62 1396.62 12 63.19 963.35 15.24 963.35 0.00 
11 40.00 22.31 892.33 14 337.10 3068.52 9.10 3068.52 0.00 
12 100.00 53.11 5311.14 15 155.00 1910.82 14.43 2236.24 325.42 
13 75.00 100.80 7560.20 16 61.32 821.73 13.40 821.73 0.00 
14 150.00 52.73 7910.20 17 2.28 313.18 137.11 313.18 0.00 

    18 268.54 3202.01 11.92 3202.01 0.00 
    19 322.95 2927.73 9.07 2927.73 0.00 
    20 304.05 2778.13 9.14 2778.13 0.00 
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i Node ($)iα  ( )MW/$iβ  ( )2/$ MWiγ  )(MWpi
 

1 13 24.3891 25.5472 0.0253 12.0 
2 13 117.7551 37.5510 0.0120 20.0 
3 14 217.8952 18.0000 0.0062 100.0 
4 12 24.4110 25.6753 0.0265 12.0 
5 12 81.1364 13.3272 0.0088 76.0 
6 11 24.6382 25.8027 0.0280 12.0 
7 10 24.8882 26.0611 0.0286 12.0 
8 10 218.3350 18.1000 0.0061 100.0 
9 6 24.7605 25.9318 0.0284 12.0 

10 9 310.0021 7.4921 0.0019 400.0 
11 8 81.2980 13.3538 0.0089 76.0 
12 8 81.4641 13.3805 0.0091 76.0 
13 1 177.0575 10.8616 0.0015 350.0 
14 1 311.9102 7.5031 0.0020 400.0 
15 7 142.7348 10.6940 0.0046 155.0 
16 4 143.5972 10.7583 0.0049 155.0 
17 5 260.1760 23.2000 0.0026 197.0 
18 2 177.0575 10.8616 0.0015 350.0 
19 3 310.0021 7.4921 0.0019 400.0 
20 3 311.9102 7.5031 0.0020 400.0 

 

�	'����4�����	��3�"	��� ( )MW

i Node )(MWpi
 i Node )(MWpi

 

1 1 400 8 8 125 
2 2 250 9 9 250 
3 3 450 10 10 75 
4 4 100 11 11 40 
5 5 75 12 12 100 
6 6 50 13 13 75 
7 7 90 14 14 150 
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