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Abstract: 

In India still around, 70 percent of power is still 

generated using fossil fuel based thermal power 

plants. With continuous growing fuel cost and 

depreciation in fossil fuel-based reserves, it is of great 

concern and demands usage of it with utmost care. 

The first step is by utilizing this reserve carefully so 

as they may last long and thus may optimize their 

usage. This problem needs a good tool to solve it 

efficiently and providing a reliable result. One of 

such method which has extreme power to solve this 

problem by having a minimum cost generation along 

with fulfilling equilibrium between generation and 

demand is unit commitment. Different constraints 

ranging from reserve capacity to fuel cost to 

transmission cost and other factors are required to 

take in consideration. To solve this problem by 

meeting all these constraints an efficient solution tool 

is expected one which can optimize generators 

operation while having a logical approach to solve it.  
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I. Introduction: 

Unit commitment problem is basically scheduling 

generators of any interconnected regulated/unregulated 

power system to minimize cost of generation while 

fulfilling load demand. This problems solution is an 

hourly based plant of next couple of days ahead about 

how different generators should be operated and 

generators should supply what amount of power. Unit 

commitment problem differs from the ELD by the fact 

that it does not care about which load is to be supplied 

by which generator. Unit commitment is no new 

problem. It has been there from years. Initially it had 

been solved manually on the basis of priority of 

generator. Even today in some cases it is preferred.   

Unit commitment problem is solved by system 

operators in real time. System operators in every power 

system has the duty to finetune the supply demand in 

real time operation. Any difference in supply demand 

may have direct impact on all peripherals of power 

system including generators and load. Also, due 

presence of many constraints of power system solving 

unit commitment problem is a very complex problem 

to solve hence require efficient tool to solve. 

II. Literature review 

Operating schedule of generators of any power system 

has been done using many different methods by taking 

different parameters for optimizing the solution. In this 

section we will discuss the literature review of works 

done in part by various authors. The contribution of all 

of them is recognized here and present work is further 

done based on their past research experiments. 

FarhadBavafa [1] have discussed that to increase the 

penetration of renewables in power system specially of 

wind power an affective model of unit commitment 

will go very handy. However, while forming unit 

commitment for wind station the risk of unit outrage is 

always there and hence needed attention towards it 

also. 

Harun Or Rashid Howlader [2] has presented a unit 

commitment method for smart grid operation which 

consists of battery energy storage system and 

thermal/renewable generator. The objective of authors 

work is to minimize cost of generation by reducing 

battery storage systems capacity buy optimal unit 

commitment of thermal system. According to author in 

this regulated power system for every company to 

maximize profit while suppling quality power to all 

consumers with fulfilling transmission system 

constraints is effectively tackled by unit commitment 

method. 
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Mostafa Nick [3] proposes a climbable and 

additionally effective method aimed at mixing the 

DLR in SCUC problem. The work understands the 

case of the SCUC with AC load flow constraints. The 

AC-optimal power flow (AC-OPF) is combined into 

the problem.   

Jingrui Zhang [4] has propounded that majority 

shareholder of power generation both globally and 

local market are thermal and hydro. Hence an 

optimization of two sources will aim to reduce 

generation cost along with fulfilling spinning reserve 

capacity while considering all system constraints. 

Author has utilized particle swarm optimization to 

solve given problem. Results are obtained for binary 

value and crisp values both, and they are further 

compared. 

Anupam Trivedi [5] has utilized Evolutionary 

algorithm for solving UC problem. The reason author 

wants to perform optimization in this work is to 

minimize cost of generation along with minimizing 

carbon emission from thermal power plant. According 

to author in this regulated power system for every 

company to maximize profit while suppling quality 

power to all consumers with fulfilling transmission 

system constraints is effectively tackled by unit 

commitment method. 

III.Introduction to Unit Commitment 

It is common understanding in the field of electrical 

engineering regarding continuous change in load 

demand over time. This variation is not limited to time 

scale but is a continuous phenomenon which changes 

with yearly basis, monthly basis, weekly basis, per day 

wise, hourly basis and even minute by minute basis. 

This variation is very important to consider since they 

are the one which will give the information of demand 

and generation have to fulfill that demand by taking 

appropriate action. The variation in demand is due to 

many possible reasons like season, the consumption of 

energy in winter is very less compare to summer, in 

which each household has cooler/AC operating almost 

throughout day, then day wise like weekend and 

weekday have different patterns followed.  

One way to supply to all load demands at all time is by 

connecting all generators at their peak to all loads 

through bus. The method is highly inaccurate since 

during off peal hours many of the generators will 

operate regardless of no requirement. Hence a planning 

has to be done to supply power to load at all time while 

maintaining quality of supply. Unit commitment is one 

such study in which the work is done to recognize 

coming hours or days pattern of demand and then 

action is to planned such that some generators may be 

switched -off so as to minimize cost of operation of 

generators. This work is done which keeping a special 

focus on thermal power plant. This special attention is 

because of the fact that that still in today’s system 

thermal plants are the majority shareholders in terms of 

total power generation capacity and also, they are the 

prime source of releasing greenhouse gasses and also 

they cause a great burden over government also in 

terms of importing fuel from other countries lead to a 

financial loss and then having a great challenges in 

local coal mines over preserving wild life along with 

vegetation in those areas.  Presently, India is emitting 

Carbon Di Oxide of almost about 1 ton per year-capita, 

most of which is because of burning fossil fuel to 

generate electricity. To handle this, India is very 

interested in investing in clean energy technologies. 

IV. Methods of solving unit commitment problem 

Many different techniques are proposed in past in 

different researches regarding optimal solution of 

power system unit commitment problem. Some of 

these techniques are discussed in the precious chapter 

literature review. In this section some of the most 

popular and effective techniques are discussed. 

Priority list method 

Priority list method of unit commitment problem 

comprises of a priority list formed by list of generators 

on the basis of AFLC (Average full load cost) of each 

one of them. The AFLC value of each generator is 

calculated separately and the one with least value will 

be most economical and hence will be switched OFF at 

the last and the one with highest value will be least 

economical and hence will be switched of at first.  

AFLC can be calculated using the following equation 

𝐴𝐹𝐿𝐶 =
 𝑛𝑒𝑡  𝑒𝑎𝑡  𝑟𝑎𝑡𝑒  𝑎𝑡  𝑓𝑢𝑙𝑙  𝑙𝑜𝑎𝑑 ∗𝑓𝑢𝑒𝑙  𝑐𝑜𝑠𝑡  

𝑚𝑎𝑥𝑖𝑚𝑢𝑚  𝑝𝑜𝑤𝑒𝑟  𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
                              (1) 

Following points are kept in mind while forming 

priority list: 

 If a significant drop is seen in load demand on 

hourly basis, decision over to drop a generating unit 

top in priority list or not is made after calculating 

that if the unit is switched OFF will there be 

sufficient power available to fulfil demand along 

with reserve capacity or not. 

 Calculate the time for which the generating unit is 

to be switched OFF based on Load demand pattern. 
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 Keep the time of shut down of generator in mind 

because if generator require more time to shutdown 

than the time it is not required than it will be not 

feasible to switch it OFF. 

 If above condition occurs there are two option one 

to the study again till the above condition does not 

occur or second to calculate the cost both when 

plant is allowed to operate for next couple of hours 

of operating time and whine plant is shut down then 

its shut down cost plus start-up cost and the one 

which is minimum is taken. 

 

Figure 1: Flow chart of Priority list 

3.3.2 Dynamic Programming method 

This is the method with which we have compared 

fuzzy logic method in present work. Before preparing 

the complete planning, sheet using some the 

assumptions are made they are: 

 The shutdown cost of all the generators is taken as 

Nil. 

 The start-up cost of all generators is taken constant 

irrespective of the time it has been in OFF state i.e. 

cold of hot state does not matter. 

 There must be a specific number of units always 

in working order with variation in load demand. 

 

Figure 2:Flow chart of Dynamic Programming 

After this assumption the procedure to prepare table of 

operation using is table by taking a single generation at 

a time. Considering a load demand D on system. In 
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generator 1 is capable of full filling this demand then 

no other generator unit will be operated. Now suppose 

load is increased such that forcing system to switch 

generator 2 ON. Now next thing is how to divide load 

between two generating units. This done by calculating 

cost of operation for each step of say 20 MW increase 

in share of generator 2.  

There will be a point where on comparison of cost we 

can conclude the most economical share of load 

between the two. That point is saved for future use. 

Similarly, this procedure is repeated with different 

loads and a chart will be prepared for action plan in 

future conditions of load. If further any more 

generating units are added then the will be done in the 

same manner as above although now the first two units 

are considered a single unit as their optimal share is 

already calculated and the third units share is 

calculated similarly as we have done for second unit. 

The main advantage of this unit is that it will reduce 

the computation time as on addition of new unit no 

calculation for previous generating units is to be done.  

Mathematically the equations can be expressed as: 

𝐹𝑁 𝑥 

= 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑐𝑜𝑠𝑡 𝑖𝑛
𝑅𝑠

𝑟
𝑜𝑓 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑥𝑀𝑊 𝑏𝑦 𝑛 𝑢𝑛𝑖𝑡𝑠 

𝑓𝑁 𝑦 = 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑦 𝑀𝑊 𝑏𝑦 𝑡𝑒 𝑁𝑡𝑢𝑛𝑖𝑡 

𝐹𝑁 𝑥 − 𝑦 

= 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑛𝑔  𝑥

− 𝑦 𝑀𝑊𝑏𝑦 𝑡𝑒 𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑢𝑛𝑖𝑡𝑠 (𝑁 − 1) 

𝐹𝑁(𝑥) =  𝐹𝑁−1 𝑥 − 𝑦 + 𝑓𝑁 𝑦  𝑦
𝑚𝑖𝑛   

   (2) 

Artificial Neural Networks (ANN): ANN are 

computing systems or technique that mimic the 

learning processes of the brain to discover the 

relations between the variables of a system. They 

process input data information to learn and obtain 

knowledge for forecasting or classifying patterns etc. 

type of work. ANN consists of number of simple 

processing elements called neurons. All information 

processing is done within this neuron only.  

Lagrange Multiplier method 

This method of solving unit commitment method is 

applicable for such power system which has large 

number of generators. This process is explained in the 

flow chart above. 

 

 

Figure 3:Flow chart of Lagrange Multiplier 

Fuzzy Logic: The word “fuzzy” usually used for 

cases in which there is no clear answer or boundary 

like there is a vague situation. Fuzzy logic resembles 

the human decision taking methodology and deals 

with vague and imprecise information unlike classical 

set where precise and clear information is used for 

decision making. Fuzzy unlike Boolean logic where 

things can be either 0 or 1 i.e. true or false represent 

value with the degree of truth. This fuzzy logic is 

applicable to all real-world problems because in none 

of them the boundary is clear. The value in fuzzy 
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logic comprises of value between 0 & 1 Including 

two. 

Fuzzy logic was proposed in the USA by Prof L. A. 

Zadeh, in the early 1960s. FL is a superset of 

conventional (Boolean) logic that has been extended 

to handle the concept of partial truth-truth values 

between “completely true” and “completely false”. 

Lofti A. Zadeh, who is considered as father of fuzzy 

logic introduced fuzzy logic in 1965 in his research 

paper” fuzzy Sets” Fuzzy logic is a way to make 

machines more intelligent, enabling them to reason in 

a fuzzy manner like humans. Fuzzy models “think” 

the way humans do and include verbal expressions 

instead of numbers. This method mimics the way 

operation of expert’s opinion over any decision 

making. 

V. Conclusion: 

The majority task of an electrical utility company is to 

accurately foretell load requirements at all times. 

Outcomes acquired can be used for solving unit 

commitment problem. In this paper, we have 

discusseddifferent unit commitment techniques. From 

the work reported by different researchers, different 

factors and constrains are discussed.  
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