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Introduction

@ Concept of sustainable development

e Kyoto Protocol (1997), Paris Agreement (2015) — Intended Nationally
Determined Contributions
@ Clean Development Mechanism: financial assistance to RES projects
linked to cost and emission additionality
@ Baseline refers to the business-as-usual (BAU) scenario, that is, when
the project is not implemented
@ Wind energy is the fastest growing RES.
e Wind power scenario generation
e Optimal operation
o Network constraints
@ Dichotomy between wind project development and power syste
operation
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Limitations of the existing literature

@ Benefits of wind integration are not properly quantified especially in
terms of cost savings and emission reduction.

@ No comprehensive research work investigating impact wind generation
on capacity factor of existing generators.

@ In the work related to OPF, the variation of turbine characteristics
are not considered.

@ A comprehensive investigation into the benefits of wind integration
within the context of EED and OPF is not yet attempted.

@ A composite index to numerically establish the impact of wind
integration in terms of cost savings, emission reduction, network
losses and capacity factor is not yet attempted.
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jectives of the rk

© To investigate the relevant methodologies for wind resource assessment and
wind power scenario generation and hence select the most appropriate
technique to model wind power for inclusion in power system operation.

@ To compute the cost savings and emission reduction capability of wind
power when incorporated in the economic emission scheduling of power
systems and therefore to evaluate the impacts of generator fuel cost,
emission characteristics and the types of solution on CS and ER.

© To integrate wind power scenarios in the optimal power flow model so as to
assess the impact of wind integration on a number of well accepted
objectives of OPF i.e. generation cost, emission, real power loss, reactive
power loss and voltage deviation.

© To assess the influence of the power system on the benefits of wind energy
such as cost savings and emission reduction by formulating the above
mentioned benefits as additionality of wind energy projects.

© To assess the impact of wind integration on power system in terms of
composite index that is formulated on issues of system operation. Th
index can provide a comprehensive quantitative measure of the impac
inclusion of wind energy in power systems.
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Optimization Techniques and Software

Focus is not to propose any new optimization technique

Optimum solution need not be global

MATLAB Optimization Toolbox (fmincon, fgoalattain)

A comparison with state-of-the art validates the selected techniques
Matpower5.1 for Optimal Power Flow

MATLAB Statistics Toolbox (fitdist, mle, copularnd)
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Overview of Chapters

o

2]
o
o

Chapter-1 provides literature review and discuss the context of the
proposed work.

Chapter-2 discusses the methodologies for wind power scenario
generation.

Chapter-3 investigates the impact of wind integration in economic
emission scheduling.

Chapter-4 performs probabilistic OPF using simulation method and
investigates the impact of variation in turbine parameters and wind
speed correlation.

Chapter-5 redefines the benefits the wind integration as
additionality of wind farms and investigates the impact of integration
in power systems on additionality.

Chapter-6 proposes a composite index in terms of a distance m
comprising of cost, emission, losses and capacity factor.

Chapter-7 will summarize the results of the work and provide tj
contour for future scope.
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Equation Example

@ Weibull distribution

k—1

i) =k exp <— (Z)k> (1)

A =1-e0 (- (%)) )

@ Gamma distribution

1
8(v) = baT (a)

v¥ lexp(—v/b) (3)

va-l
G(v):/bar(a)exp(v/b)dv

Samita Pani (EE) Ph.D. Registration Seminar June 2020 7/15



Figure Example
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Example of Table

Height 10m 30m 50m 80m 100m
WPD (W/m?) | 219.44 | 556.01 | 781.76 | 1029.64 | 1160.72

Method k C e
LQ 1.84 | 7.35 | 252.16
MLE | 2.01 | 8.02 | 17.09
mMLE | 2.02 | 8.02 | 18.06
AM 2.03 | 8.02 | 21.25
RM 2.25 | 9.04 | 608.57
CM 2.31 | 9.94 | 1796.07
WEP | 2.01 | 8.02 17.4
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Solution Methodology

Start

Input the turbine
characteristics of the wind farms

|

Input cost and emission
coefficients and load demand
data for the test power systems

I

Simulate hourly wind
power for two wind farms

|

Obtain MC, ME and CO so-
lutions by solving the EED
problem without wind power

Estimate energy
capture over 24 hours
for the two wind farms

Calculate the emission fac-
tor of the test power systems

Estimate emission
reduction

Obtain MC, ME and CO solu-
tions after wind integration

I

|

Estimated Emission
Reduction before wind integration

Cost and emission
after wind integration

I

CS, ER, ERer and WES for
the test systems is obtained
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Another Example of Equations

P = Ps + P, = vgsigs + Vqsiqs + Vdrlar + Vqriqr

()
Q = Qs + Qr = Vgsids — Vdslgs + Varidr — Vdrigr (6)
Vds = —Rsids + ws[(Ls + Lm)igs + Lmigr] (7)
Vgs = _Rsiqs - ws[(Ls + Lm)ids + Lmidr] (8)
Vgr = —Rrigr + sws[(Lr + Lm)igr + Lmigs) 9)
Vgr = _Rriqr - Sws[(Lr + Lm)idr + Lmids] (10)
v2 Lnvs o
Oz L+l L+Ln \/”max

Q. < — 52 n Lmvs jmax?
* = ws(ls+Ly)  Ls+Ln\ "
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