
RESOURCE SCHEDULING IN

MODERN POWER SYSTEM

SRIKANTH REDDY KONDA

DEPARTMENT OF ELECTRICAL ENGINEERING

INDIAN INSTITUTE OF TECHNOLOGY DELHI

APRIL 2018AUGUST 2018 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Indian Institute of Technology Delhi (IITD), New Delhi, 2018



RESOURCE SCHEDULING IN

MODERN POWER SYSTEM

by

SRIKANTH REDDY KONDA

Department of Electrical Engineering

Submitted

in fulfillment of the requirements of the degree of Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI

APRIL 2018AUGUST 2018 



CERTIFICATE

This is to certify that the thesis titled Resource Scheduling in Modern Power

System which is being submitted by Mr. Srikanth Reddy Konda for the fulfillment

of the requirements for the award of degree of Doctor of Philosophy, is a record

of the student’s own work carried out at the Indian Institute of Technology Delhi

under our supervision and guidance. The matter embodied in this thesis has not been

submitted elsewhere for the award of any other degree or diploma.

Prof. Bijaya Ketan Panigrahi, Prof. Rajesh Kumar,

Electrical Engineering Department, Electrical Engineering Department,

Indian Institute of Technology Delhi. Malaviya National Institute of Technology Jaipur.

Date:

New Delhi

i



ACKNOWLEDGMENTS

First of all I would like to give sincere thanks and gratitude to my esteemed supervisors,

Prof. B.K.Panigrahi (Professor, Department of Electrical Engineering, IIT Delhi)

and Dr. Rajesh Kumar (Associate Professor, Department of Electrical Engineering,

Malaviya National Institute of Technology, Jaipur), for the invaluable guidance, and

spending their precious hours for my work. Their kind cooperation and suggestions

throughout the work guided me with an impetus to work and made the completion of

work possible.

I thank Dr. Nilanjan Saenroy, Dr. Abhijit R. Abhyankar and Dr. Ashu Verma for their

encouragement and polite support during this period. I also thank Mr. Anand and

Mr. Gaurav for the maintaining the lab well and peaceful that improved the research

environment.

I convey special thanks to Mr. Lokesh Kumar Panwar for his cooperation as co re-

searcher, discussions with whom enabled this work more interesting and possible. I

also thank Ms. Vishu Gupta for all the technical discussions and language corrections

in the writing part of thesis as well as the publications from the thesis, which helped

in improving the quality of thesis greatly.

I wish to express my appreciation for my colleagues Rishikant Sharma, Shiv Raman

and other fellow researchers of the lab for their cordial assistance and lively working

environment.

I thank my friends Kapil, Nikhil, Shailendra and Lokesh M for all the joyful time in

hostel and play field that brought a great balance in research and recreation. I also

thank my parents and brother for their support.

The work carried out in this thesis is funded by Vishveswaraya PhD Scheme, Depart-

ment of Electronics and Information Technology (DeitY).

Srikanth Reddy Konda

iii



ABSTRACT

The resource scheduling problem in modern power systems has evolved into a multi-

dimensional in nature with involvement of various stakeholders with distinct objectives.

Scheduling of generation is considered to be the optimal scheduling of generation in

older systems with load shedding/curtailment as an inevitable procedure under system

instability. However, with the advent of smart technologies such as advanced commu-

nication and cyber-physical systems, demand side resource management is taking a

crucial part in power system scheduling. Therefore, appropriate scheduling of resource

on both generation as well as demand side becomes an important aspect of power

system operational management.

The main focus of this work is to enhance the resource scheduling problem by relating

the objectives to real world information available. This study considers improving the

scheduling aspects of generation side resources and demand side resources with respect

to different aspects. The aspects considered for improvement in this study are economic

and environmental efficiency improvement in generation side resource equipped with

clean energy technologies under emission control policies. In the demand side, load

profile attributes are considered in place of conventional willingness factor to improve

the customer involvement and accuracy of participation.

The sustainability practices in the power system other than renewable energy gener-

ation are considered in this study through carbon capture technology (post-capture

system). The application of carbon capture technology attributes to power generation

is carried out by devising performance indices depending on the operation of thermal

power generation units, carbon capture technology plant and generation resource char-

acteristics. The implications of clean energy policies are also modeled for the proposed

performance indices. The case studies are performed with different resource types, to

verify the appropriateness of performance indices. The sensitivity analysis pertaining

to resource sensitivity, test case and impact of correction factors indicate the volatility

of performance indices at lower capture rates of carbon capture power plant.
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Considering the importance of responsive loads and wide range of services offered by

such loads, this study also analyses the impact of load profile attributes on demand

response programs in different frameworks. To this end, the segregated profiles of

customer baseline load and responsive loads are used to define utilization and avail-

ability factors respectively. Which are further used in generic load behavior models

employed in price based demand response scheduling by aggregator. The load pro-

file based scheduling with proposed load profile attributes is carried out for different

test cases. The results are analyzed with respect to seasonal variation of response

load scheduling. Also, analysis with respect to load sectors (residential, commercial,

industrial, agricultural and municipal) is also carried out in this study.

The impact of load profile attributes on demand response exchange framework is also

examined. The demand response exchange framework is designed to overcome the

partial demand response programs involving limited stakeholders with conflicting ob-

jectives. The load profile attributes are incorporated into generic load sensitivity.

Additionally, an online adaptive fuzzy inference based model is developed to unify the

load profile attributes alongside the customer willingness. The performance tuning of

the fuzzy system parameters is carried out with an objective of maximizing the social

welfare of demand response exchange.

The study is concluded by drawing observations from each of the resource scheduling

aspects examined. Utilization of resource information and load profile information can

enhance the objectives of generation side and demand side resource scheduling. The

potential benefits of the study are diversified over economic, environmental and social

factors of power system resource scheduling.
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सं#ेप 
 

आध*ुनक -व/यतु 2णा5लय7 म9 संसाधन श;ेय5ूलगं सम>या -व5भ@न उ/देCय7 के साथ -व5भ@न 

Eहतधारक7 कH भागीदारJ के साथ 2कृ*त म9 बहु-आयामी म9 -वक5सत हुई है। उQपादन के *नधाRरण 

को 5स>टम अि>थरता के तहत एक अपXरहायR 2YZया के [प म9 लोड श]ेडगं / कमी के साथ 

परुाने 5स>टम म9 उQपादन का इ`टतम श;ेय5ूलगं माना जाता है। हालांYक, उ@नत संचार और 

साइबर-भौ*तक 2णा5लय7 जसेै >माटR 2ौ/योfगYकय7 के आगमन के साथ, मांग प# संसाधन 

2बंधन gबजलJ hयव>था श;ेय5ूलगं म9 एक महQवपणूR भ5ूमका *नभा रहा है। इस5लए, दोन7 

उQपादन के साथ-साथ मांग प# पर संसाधन का उपयiुत श;ेय5ूलगं पावर 5स>टम पXरचालन 

2बंधन का एक महQवपणूR पहल ूबन जाता है। 

 

इस काम का मjुय फोकस उपलlध वा>त-वक द*ुनया कH जानकारJ के उ/देCय7 से संबंfधत 

संसाधन श;ेय5ूलगं सम>या को बढ़ाने के 5लए है। यह अnययन -व5भ@न पहलओु ंके संबंध म9 

उQपादन के प# संसाधन7 और मांग प# संसाधन7 के श;ेय5ूलगं पहलओु ंम9 सधुार करने पर 

-वचार करता है। इस अnययन म9 सधुार के 5लए -वचार Yकए गए पहल ूउQसजRन *नयंpण 

नी*तय7 के तहत >वqछ ऊजाR 2ौ/योfगYकय7 से लसै उQपादन के प# संसाधन म9 आfथRक और 

पयाRवरणीय द#ता म9 सधुार हt। मांग प# म9, uाहक भागीदारJ और भागीदारJ कH सटJकता म9 

सधुार के 5लए पारंपXरक इqछा कारक के >थान पर लोड 2ोफ़ाइल -वशषेताओ ंको माना जाता 

है। 

 

नवीकरणीय ऊजाR उQपादन के अलावा gबजलJ hयव>था म9 >था*यQव 2थाओ ंको इस अnययन 

म9 काबRन कैxचर 2ौ/योfगकH (पो>ट-कैxचर 5स>टम) के माnयम से माना जाता है। gबजलJ 

उQपादन म9 काबRन कैxचर टेiनोलॉजी के गुण7 का उपयोग थमRल पावर उQपादन इकाइय7, काबRन 

कैxचर टेiनोलॉजी xलांट और उQपादन संसाधन -वशषेताओ ंके संचालन के आधार पर 2दशRन 

सचूकांक तयैार करके Yकया जाता है। 2>ता-वत 2दशRन सचूकांक के 5लए >वqछ ऊजाR नी*तय7 

के 2भाव भी मॉड5लगं Yकए जात ेहt। 2दशRन सचूकांक कH उfचतता को सQया-पत करने के 5लए 

केस >टडीज -व5भ@न संसाधन 2कार7 के साथ Yकया जाता है। संसाधन संवेदनशीलता, परJ#ण 

मामले, और सधुार कारक7 के 2भाव से संबंfधत संवेदनशीलता -वCलेषण काबRन कैxचर पावर 

xलांट कH कम कैxचर दर7 पर 2दशRन सचूकांक कH अि>थरता को इंfगत करता है। 



 

उ|रदायी भार और इस तरह के भार /वारा 2दान कH जाने वालJ सेवाओ ंकH -व>ततृ }ृंखला 

के महQव को nयान म9 रखत ेहुए, यह अnययन अलग-अलग ढांचे म9 मांग 2*तYZया कायRZम7 

पर लोड 2ोफ़ाइल -वशषेताओ ं के 2भाव का भी -वCलेषण करता है। इस स@दभR म9, uाहक 

बेसलाइन लोड और उ|रदायी भार कH पथृक 2ोफाइल Zमशः उपयोग और उपलlधता कारक7 

को पXरभा-षत करने के 5लए उपयोग कH जाती है, जो Yक एuीगेटर /वारा म�ूय आधाXरत मांग 

2*तYZया श;ेय5ूलगं म9 *नयोिजत जेनेXरक लोड hयवहार मॉडल म9 आगे उपयोग Yकया गया है। 

2>ता-वत लोड 2ोफाइल -वशषेताओ ंके साथ लोड 2ोफाइल आधाXरत श;ेय5ूलगं -व5भ@न परJ#ण 

मामल7 के 5लए Yकया जाता है। 2*तYZया लोड श;ेय5ूलगं के मौसमी बदलाव के संबंध म9 

पXरणाम7 का -वCलेषण Yकया गया है। इसके अलावा, इस अnययन म9 भार #ेp7 (आवासीय, 

वा�णि�यक, औ/योfगक, कृ-ष और नगर पा5लका) के संबंध म9 -वCलेषण भी Yकया गया है। 

 

मांग 2*तYZया -व*नमय ढांचे पर लोड 2ोफाइल -वशषेताओ ंका 2भाव भी जांच Yकया गया है। 

मांग 2*तYZया -व*नमय ढांचे को -ववाEदत उ/देCय7 के साथ सी5मत Eहतधारक7 से जड़ु ेआ5ंशक 

मांग 2*तYZया कायRZम7 को दरू करने के 5लए ]डज़ाइन Yकया गया है। लोड 2ोफ़ाइल -वशषेताओ ं

जेनेXरक लोड संवेदनशीलता म9 शा5मल हt। इसके अ*तXरiत, uाहक अनकूुलता के साथ लोड 

2ोफ़ाइल -वशषेताओ ंको एकजटु करने के 5लए एक ऑनलाइन अनकूुलJ अ>प`ट अनमुान 

आधाXरत मॉडल -वक5सत Yकया गया है। फ़ज़ी 5स>टम परैामीटर का 2दशRन �य*ूनगं मांग 

2*तYZया -व*नमय के सामािजक क�याण को अfधकतम करने के उ/देCय से Yकया गया है। 

 

अnययन कH जांच कH गई 2Qयेक संसाधन श;ेय5ूलगं पहलओु ंसे अवलोकन7 को fचgpत करके 

*न`कषR *नकाला गया है। संसाधन जानकारJ और लोड 2ोफाइल जानकारJ का उपयोग उQपादन 

के प# और मांग प# संसाधन श;ेय5ूलगं के उ/देCय7 को बढ़ा सकता है। अnययन के संभा-वत 

लाभ gबजलJ hयव>था संसाधन श;ेय5ूलगं के आfथRक, पयाRवरण और सामािजक कारक7 पर 

-व-वधतापणूR हt। 
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Capture efficiency ηc

Emission coefficients ae, be, ce

Performance index PI

Revenue function with CER benefits RCER

Carbon tax function Ctax

Carbon tax ∆tax
c

CER price ∆CER

Carbon tax σc

Weight factors φ1, φ2

DR cost function CDR(Pdr)

Willingness factor θ

DR cost coefficients adr, bdr, cdr

DR power schedule variable Pdr

DR Schedule status variable Sdr

DR availability status variable Adr

Availability factor A

Utilization factor U

Index for load type l

Index for iteration j

Iteration termination error ε

Power generation variable P g
t

Power generation function GCg(Pg)

Unit commitment variable Cg
t

Cost correction factor CCFr

Coal rank (base, relative) b, r

Energy penalty function EP

Generation correction factor GCFr

Energy penalty coefficients aep, bep, cep

Heating value of coal HVr/b

Coal price CPr/b



NOMENCLATURE xxi

Index for load number k

Hourly load of a particular load type CBLl,kt

Set of loads per type K

Set of load type L

Number of loads Kdr

Number of load type Ldr

Upper and lower limits of DR load P
(l,k,t)
min , P

(l,k,t)
max

Energy price Pe

Reserve price Pr

Outage rate/contingency rate r

DR seller cost function S(Pdr)

DR buyer cost function B(Pdr)

DR seller cost coefficients asdr, b
s
dr, c

s
dr

DR buyer cost coefficients abdr, b
b
dr, c

b
dr

Set of buyers B

Set of sellers S

Number of buyers B

Number of sellers S

Customer baseline load parameter CBLt

DR load maximum limit Pdr

Cost factor of DR CFdr

Linear DR function coefficients alrdr, b
lr
dr, c

lr
dr,

Exponential DR function coefficients aexdr , b
ex
dr , c

ex
dr ,

Non-linear DR function coefficients anldr, b
nl
dr, c

nl
dr

Index for iteration i
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