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Abstract— This paper spotlights generation scheduling under 

Availability Based Tariff (ABT) using Artificial Neural 

Network (ANN) based forecasted load and frequency. The 

ABT has three main ingredients i.e., fixed charge, Capacity 

charge and Unscheduled Interchange (UI) charge. The end 

component, UI charge is frequency dependent which is key 

factor of this work. Frequency estimation and load 

forecasting of the next day is done by using of Artificial 

Neural Network (ANN). The results show that ANN can 

estimate frequency and forecasting load more accurately. The 

modified scheduling algorithm is then used to demonstrate 

the use of anticipated frequency and its contribution in 

achieving more realistic schedule to derive maximum 

benefits of ABT. 
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I. INTRODUCTION 

The generation scheduling is normally done a day advance 

on the basis of load, generation, network condition and 

constraints. This serves only as the guideline in deciding 

load dispatch in real time. Actual generation clusters around 

scheduled generation to adapt to real time changes. More 

accurate is the anticipated load and generation, less will be 

the real time adjustment in schedule to meet the real time 

load demand [1]. 

Availability Based Tariff (ABT) has added new 

attribute to generation scheduling. The ABT is a tariff for 

bulk power transfer between state beneficiary and central 

sector generating stations in India. This tariff is linked with 

frequency which is the simplest and transparent indicator of 

Generator loading. The tariff has three components viz fixed 

charge, capacity charge and Unscheduled Interchange (UI) 

charge. The last component, UI charge is frequency 

dependant. 

The ABT under Indian power scenario has brought 

catalytic change in the real time operation of system, 

improved grid discipline and plant utilization. The schedule 

of generation by state generators and purchase of power 

from central generating stations have thus acquired a 

meaning. Any deviation from schedule is to be paid through 

frequency dependant UI rate. Hence, frequency plays 

important role in real time dispatch decisions. To harness 

maximum benefits of ABT, it is necessary to predict 

frequency in 60 minute slab of a day.  

The generation scheduling has become an adaptive 

decision making problem, linked with the market price, 

power trading and system conditions, in addition to earlier 

changing factors like unforeseen and unpredicted changes in 

loads, network and available generations. Thus, it has 

become necessary to include frequency as one of the 

parameters along with load and generation while deciding 

schedule of generation [2]. 

This paper is organized as follows. Section II 

explores concept of availability based tariff. Section III 

deals with load forecasting. In section IV, frequency 

estimation is discussed. Generation scheduling using ABT 

has been presented in section V. Test Results of presented 

methodology has been shown in section VI. Concluding 

remarks has been given in last section of the paper. 

II. AVAILABILITY BASED TARIFF 

To deal with the problems raised due to grid frequency new 

tariff scheme acknowledged as ABT is introduced. ABT 

includes of three additives: (a) Capacity Charge (b) Energy 

Charge (c) Unscheduled Inter-change (UI) Charge. 

A. Capacity Charge 

This element represents the fixed cost and is related with the 

declared capacity/ availability of the plant, i.e., its 

functionality to supply MWs on a day-through-day basis. 

The entire amount payable to the generating agency over 12 

months toward the fixed cost would rely upon the average 

availability of the plant over the 12 months. If the average 

really attained over the 12 months is better than the stated 

norm for plant availability, the generating enterprise may 

possibly obtain a greater payment and additionally get 

incentive. If the average availability executed is lower, the 

payment will be lower and given inside the form of pro-rata 

basis. Thus, the scheme is named ABT [3].  

B. Energy Charge 

This factor of ABT contains the variable cost, i.e. the fuel 

cost (in case of thermal power plant Coal as the primary fuel 

and oil as secondary fuel of the power plant for generating 

energy as in line with given schedule for the day. As a 

result, this energy charge is not in keeping with the actual 

generation but simplest for scheduled generation [4]. 

C. Unscheduled Interchange Charge 

If there are any changes from schedule, this third element of 

ABT comes into picture. Alterations from plan are decided 

in 60-minute time blocks by using unique metering. They 

are priced in line corresponding the system situation 

prevailing at that time. If the frequency is beyond 50 Hz 

(nominal frequency in Indian System), UI rate could be 

small and if it’s far less than 50 Hz, it will likely be high. 

Providing that the actual generation/withdrawal is in step 

with the given schedule, the third constituent of ABT is 

zero. In case for over-drawl, recipient has to pay UI charge 

in step with the frequency dependent rate stated. By 

endorsing competition, efficiency and economic system and 

leading to extra economically viable power scenario, ABT is 

capable of pave way for high quality power with greater 

consistency and accessibility via more suitable grid 

discipline [5]. 
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51.0 0 

Table 1: UI rate at different frequencies 

 
Fig. 1: UI rate and frequency under ABT. 

III. LOAD FORECASTING 

The data used for training and testing the neural network 

were taken from the state load dispatch centre (MSETCL), 

Airoli. 

MultiLayer Perceptron (MLP) network with a 

single hidden layer used here for Neural Network model. 

Within the hidden layer neuron, the activation function used 

was ‘Tan-sigmoid’ and activation function used for output 

layer was ‘Purelin’. To set the learning rate, the network 

should run with a large number of different learning rates 

before settling on 0.02 that gives the best results. The ANN 

was implemented using MATLAB. The training algorithms 

“Traingdx” is preferred by using epoch method which is an 

adaptive learning algorithm. The integer of iteration point 

the network turned into perfectly trained. 

 
Fig. 2: Comparison of Actual and Forecasted Load by ANN. 

The Mean Absolute Percentage Error (MAPE) is 

9.1143 % between the forecasting load and actual load. 

IV. FREQUENCY ESTIMATION 

 
Fig. 3: Comparison of Actual and Estimated Frequency 

using ANN 

The feed-forward neural network along with error back 

propagation algorithm is trained by using historical data of 

frequency for last month. The previous month 60 minutes 

frequency values and previous weeks, same day’s 60 

minutes frequency values are considered as ‘input’ to neural 

network. 60 min frequency values of the day form ‘output’ 

of neural network. The single hidden layer is used. The 

outcomes of forecasted frequency for 60 min block of 24 

hours time span is given below. 

The Mean Absolute Percentage Error (MAPE) is 

0.086653 % between the forecasting load and actual load. 

V. GENERATION SCHEDULING USING ABT 

In this paper a sample 14 Bus system is taken which 

represents a control area or a state in this case. The purpose 

of the generation scheduling issue is to decrease the overall 

generation cost. 

The cost function to decrease is described by, 

𝐶𝑡 = 𝐶𝑔𝑔(𝑃𝑔𝑔) + ∑ 𝐶𝑖(𝑃𝑔𝑖)
𝑛

𝑖=1
              (1) 

Subject to constraint, 

Pgg + ∑ (Pgi) − 
n

i=1
PL − PD = 0                   (2) 

Pgi(min) ≤ Pgi ≤ Pgi(max)                      (3) 

Pgg(min) ≤ Pgg ≤ Pgg(max)                      (4) 

Where, 

Ct = Total Cost of power 

Cgg = Cost of power purchase from grid generator in 

Rs/MW/Hr  

Ci = Cost of active power generation by state generator in 

Rs/MW/Hr by ith generator 

Pgi = Power output of ith  state generator (MW) 

Pgg = Overall power to be purchased from grid generator 

(MW)  

PL = Transmission loss (MW) 

PD = Load demand (MW) 

Pgi(min) = Minimum generation limit of ith generator 

Pgi(max)= Maximum generation limit of ith generator 

Pgg (min) = Minimum limit on drawl of power from grid 

Generator 

Pgg (max) = Maximum limit on drawl of power from grid 

Generator. 

Total Power to be purchased from grid generator 

has two parts as   

𝑃𝑔𝑔 = 𝑆𝐼 ± 𝑈𝐼               (5) 

While formulating the above equations for 

modified ELD problem the following assumptions have 

been made. 

 Grid interconnection to the system is represented by a 

generator of vein high rating and fixed terminal 

voltage. 

 Re-dispatch of load in the area under consideration will 

have negligible influence on the frequency conditions 

in the grid. 

 The dispatch is calculated for every 60 minute slot 

during which the system conditions are assumed to be 

static. 

VI. RESULTS 

Conventional GS algorithm is frequency independent. 

However, by using ABT, frequency dependant UI rate 

governs the cost of production. Estimated frequency and 
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modified GS algorithm is used to find generation cost of 

grid generator. The estimated frequency helps to compute 

the ABT.  

 
Fig. 4: Load dispatch at various frequencies 

The limit for drawl from grid generator is taken as 

200 MW for this work on which only SI is applicable. 

Under drawl from grid generator is beneficial while Over 

drawl will be punishable. When under drawl from grid 

generator is executed then the UI charges are deducted from 

total charges while in case of over drawl the UI charges are 

appended in total cost as a penalty. The output of state 

generators and grid at different frequencies is also plotted in 

Figure 4. Some important observation can be made from this 

chart. At frequencies below 49.4 Hz, grid power is 

becoming costlier; therefore state will be benefited by 

under-drawing from grid. They can now look for other 

sources of power, which are now cheaper as compared to 

grid power. Figure 4 shows participation of G1, G2, G3, G4 

and grid generator in load dispatch by conventional and 

ABT method. 

From figure 4 it is observed that as frequency is in 

the range 49.89 Hz to 49.99 Hz the generators G2, G3, G4 

are working at its minimum limit. It should be noted that if 

frequency falls below 49.7 Hz then generators G2, G3 and 

G4 starts participating accordingly since below 49.7 Hz 

frequency, the grid generator UI charges becomes costlier. 

When frequency goes above 50 Hz then the UI charges 

become zero. Also, when the drawl from grid generator is 

according to its specified limit i.e. 200 MW for this work 

then also UI charges become null. 

 
Table 2: Results of economic load dispatch at various 

frequencies 

 
Fig. 5: Variation of system cost with frequency 

The result of ELD at different frequency, as 

specified in Table 2, gives us insight into how the re-

dispatch of state’s generation should be done and how the 

drawl from grid should change, if the frequency is in 

between 49.94 Hz to 49.99 Hz then grid generator will 

contribute more in case of ABT while if the frequency falls 

below 49.94 then contribution from grid generator will be 

reduced. The corresponding cost by ABT is also tabulated in 

above the table. The comparative values by conventional 

method are also given in the table to show the effect of ABT 

based generation scheduling. 

If the difference of marginal cost of power with 

frequency at different buses in the system is observed, the 

difference of marginal cost is found to be similar to that of 

the UI Rate. The difference of marginal cost with frequency 

at bus 2 is given in Figure 5. This means that incorporation 

of frequency dependent UI Rate will also influence the 

marginal cost of power. 

VII. CONCLUSIONS 

From the data attained in the last section and the 

observations, the following are the conclusions of this paper.  

 The GS is usually one-day advance action based on 

load, frequency, generation, network condition and 

ambient conditions. 

 More precise the load forecasting, and estimation 

frequency input by using ANN, less will be the real 

time alteration in generation and transmit. 

 Under ABT circumstances, the cost of central zone 

power is frequency dependant variable, which makes 

the real time transmit resolution frequency and load 

dependant. The conventional generation scheduling 

algorithm incorporates the frequency reliant 

component of rate. 

 The frequency estimation and load is forecasted using 

artificial neural network.  

 The preceding approximation of frequency and load 

will be contributory in deciding a day in advance 

schedule to be extra realistic and cost-effective.  

 The use of a mentioned estimation of frequency while 

preparing plan of generation results in saving in service 

cost, which helps as a pathway for real time 

amendment to earn utmost profitable benefits under 

ABT environment. 

 Employing a proper pre-processing method is highly 

advantageous to make easy ANN training and make 

better the forecasting quality in this study.  
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 ANN model with small number of input nodes and 

their smaller corresponding network structure produces 

better forecast result and decreases the chance of over-

fitting.  

 Sigmoid model reduces the difficulty of ANN and 

produces fastest convergence and better prediction 

capability in the majority of cases in this study.  

 Illustrating the trend line of actual and forecast values 

may helps practitioner and researcher to validate the 

correctness of prediction result more precisely.  
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