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ABSTRACT

This study presents a multi-objective model fairidbigtion
system operation regarding utility and customerdfigin

the smart grid environment. A methodology to puseha
power from customer-owned distributed generatios)YD
units based on the multi-objective decision making
approach is proposed in the paper. The objectivéhef
algorithm is to find the operation schedule of D@tsithat
result in maximum profit for utility and customesthe
electricity market, taking into account the teclahlmenefits

of DG installation. An improved non-dominated sugti
genetic algorithm (NSGA- 1l) is developed to salve
problem. The effectiveness of the proposed mod#l an
search method is assessed and demonstrated byisamer
studies. The results presented are evaluated ifetBE 30-
bus test network.

INTRODUCTION

Distributed Generations (DGs) are defined as atectr
resources interconnected to the distribution nete:oFhe
DG units have been, in the last decade, in thdighbbf
the power industry and scientific community andstitnte

a new paradigm for onsite electric power generafitvere
are three key factors deriving this change namely,
environmental concerns, technological innovatioh raew
government policy [1].

Recent developments in traditional power systemisiwh
involve emerging smart technologies and commuraoati
techniques will convert the present electricitydgmto
smart grids. Envisaging smart grids as the futfiedextric
grids, one can say that a smart grid is an infuagire able
to accommodate all centralized and distributed ggner
resources (DER), including intensive use of rendavahd
distributed generation (DG), and demand resporsing
consumers as active players, in the context ofrgpetitive
business environment[2].

Under restructuring of electric power industry,fefiént
participants namely generation companies and cogrsumh
electricity need to meet in a marketplace to deoid¢he
electricity price. In competitive electricity matkethe cost
of purchasing energy from the transmission systadriram
DG units should be considered in order to retgimagper
assessment of the penetration level of distributed
generations in a distribution system. Greater iefficy may
then be achieved by matching demand and supply in a
decentralized fashion such that consumers and pesslu
make decisions based on their own utility-and profi
maximizing objectives [3].

This paper discusses the effects of emerging gmiadg on
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the customer’s behaviour as private investors amebos of
DG units. In this study, the DG units are consideieebe
controllable and their generated power is dispdtiehd he
optimization problem is solved from a technical picaf
view with objective functions consisting of mining the
power losses and maximizing the loadability ofrtewvork.
From economical point of view, the optimization iplem is
solved based on profit maximization through maxingz
utility and customer benefit objectives. In thigppg the
NSGA-Il, which incorporates the concept of Pareto
optimality into its search algorithms and can fomtimal
trade-offs among the multiple conflicting objectve
simultaneously, has been implemented [4]. A max—-min
approach based on fuzzy satisfaction approacheid ts
select the best multi-objective DG operation solu{5].

PROBLEM FORMULATION

The proposed optimization model for optimal opematf
customer owned DG units is formulated and preseinted
this section. The model includes two main perspestiThe
first perspective contains only the technical intpat DG
units in the distribution system. In this contdw solutions
to the problem obtained from the proposed multeobye
method determine the optimum generated power of DG
units. The steady state voltage profile, systeradssand
voltage stability margin are the technical impaatDG
units evaluated in the paper. These indices areflyri
defined and discussed in the Refs.[6-7]. The ohjed the
technical perspective is to minimize the power liosthe
system and to maximize the loadability margin ie th
system. The objective functions from the technpeaht of
view are as follows:

F.=LLRI Q)
and
F,=-VSMI (2

LLRI, is the Line Loss Reduction Index and VSMitlie
static Voltage Stability Margin Improvement indeg¢T].
These indices take the distribution network withD@ as
benchmark. Static voltage stability margin or maxim
loadability margin is the margin between the opegatoint

of the system and the maximum load for which vatag
collapse occurs in the system. The loss reducterefit
also plays an important role in the economic evalnaof
DG benefits.

The second perspective implies the economic benéfit
DG installation to the utility and customers. Ineth
evaluation of objective functions, the DG ownersiat
benefits from the generated power while their costs



comprise of investment and operational costs. Tdrefit

of the utility is resulted from power loss reductim the
system and its cost is purchasing power from DGarsvrin
this evaluation, the utility purchases the powenfrDG
owners considering an award policy to encourag®mess

to connect DG to improve network performance and
efficiency. The objective functions which presdhe
customer and utility benefits are expressed asviaii
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where PLF is price level factor; ALF is Award Le¥elctor;
C. is electricity price; G, is award policy price; G is
operation cost of DG units; dl is the demand lewal Ty is
duration of each demand level. The formulated gmkdnd
the solution approach were implemented in Matlate T
decision variables are the generated power of B&hnit
and the purchase price.

PROPOSED APPROACH

Multi-objective  optimization is the process of
simultaneously optimizing various conflicting obijiees
subject to a set of constraints. Multi-objectiveimization
problems are solved by two fundamentally diffeignotups
of techniques. The first one uses a priori prefesen
information and single objective optimization teiciues. In
contrast, the second group of techniques proposasa
multi-objective approach. The multi-objective sautis a
solution that is non-dominated by any other sofytguch
solution is called Pareto optimal and the entiteof@on-
dominated solutions is called Pareto optimal frétareto
optimal solutions set are often preferred to sisgleitions
because they can be practical when consideringlifeal
problems since the final solution of the decisicaker is
always a trade-off [4].

In this paper, NSGA-Il is applied to find trade-offtimal
solutions of DG operation pattern. The ultimatel gdghe
operator is to choose the “most preferred” solutiorong
the Pareto optimal front. A fuzzy satisfying methsdsed
in this paper to find the ‘the best’ solution. Tgréciples of
this method are as follows: for each solution & Bareto
optimal front,x,,, a membership function is defined a.
This value, which varies between 0 and 1, showsete

of whichx,, belongs to the set that minimizes the objective
function f. A linear membership function is used in the
present work for all objective functions, as folb{®]:
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A conservative decision maker tries to maximizeimium
satisfaction among all objectives or minimize theximum
dissatisfaction. The final solution can then benfbas:
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To represent the dynamics of loading conditions,dhily
demand variation is divided in multiple levels. Bdevel is
a measure of how many hours at least a specifiedianof
energy must be supplied. The price of electricitychased
from the main grid is determined by the marketsNalue
changes during each demand level.

All DG units are considered to be of such techniglegnd
resources that they can be dispatched. For examade,
turbine DG units would be typical examples. Thisg
limiting the ability of the model for consideringher DG
technologies. The DG units have been represent&y/as
buses, which allow them a more active role in thvork.

RESULTS AND DISSCUSSIONS

The proposed evaluation method has been appligdeon
well-known IEEE 30-bus test system as shown irlE-ithe

load flow data of the system is included in [8]loading
condition of 283.4MW and 126.2MVAr is assumed as th
base case. The voltage limit of £5% is appliedad buses.

The DG units are already installed in the weak buas¢he
system. These buses are 26, 29, and 30. The maximum
capacities of DG units installed in these busessas@gned

20, 10 and 25 MW, respectively.
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Fig. 1. IEEE 30-bus system
In this work, four demand levels, i.e., low, medjumase
and high are considered with demand level factas a
presented in Table.1. The electricity market prasel
assigned award policy are assumed to be 70$/MWh and

10$/MWh for the base demand level.
Table.1: Data used in the study.

Demand Duration Price Award
Demand Level Level (Hour) Level Level
Factor Factor Factor

1 (low) 0.75 2920 0.7 0.2

2 (medium)| 0.87 2920 0.85 0.5
3 (base) 1 2847 1 1
4 (high) 1.25 73 1.45 -

The Pareto-optimal fronts from the technical poiwiew
and the economical point of view for low demancklere
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depicted in Figs.2 and 3 respectively.
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Fig.2.Pareto optima front of Technical Perspectivemand Level 1)

In this study, the operation and installation cast9G
units is considered as a total cost or levelizest 0b 55
$/MWh. Generally the levelized cost of DG genenmatoa
function of several parameters such as: instailatiost,
operation cost, DG maintenance cost, the operatoiod
and DG life time [9].
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Fig.3.Pareto optima front of economic Perspectiventand Level 1)
According to the fuzzy satisfaction decision making
approach, the best solution of the Pareto optiroakfrom
economic perspective for each demand level is pteden

Table 2.

Table.2. Pareto-optimal solution of economic pectipe

Demand level Utility benefit ($ Customer | Purchase price
benefit ($) ($/MWh)
1 210240 -199728 50
2 178120 1027840 62
3 227760 2772978 74.5
4 114975 109573 85

The optimal generated power of each DG unit foneatc

perspective is presented in Table 3.
Table.3. Generated power of each DG unit (MW) itirogl solution

Demand level DG at bus 26 DG at bus 29 DG at bug
1 3.16 2.94 7.6
2 15 10 25
3 15 10 25
4 15 10 25

From Tables 2 and 3, it is revealed that in low deth
level; due to low purchase price and high DG opemnat
cost; the customer gains no benefit and so willatgewith
minimum generation. As purchase price increasesDta
owners operate with full capacity and this is deslie from
utility point of view to overcome the demand in gystem.
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In the competitive market, the utility is considéte be a
participant in the electricity market and it pursba power
from the market. During hours where the electripitices
are the highest (during peak load or generatiorcagg it
will be cost effective for the utility to purchagbe
electricity produced by customer-owned DG unitse Th
benefits for the utility of avoiding spot electticpurchases
are obtained by the difference between the whadesal
electricity price and the tariff offered to the @@mner for
its output.

From Table 2, the offered purchase price at highail
level is at least 15 $ lower than the spot markétep
which is 100 $/MWh in this case study. The attained
benefits at this demand level cover the extra éatst
costs of utility in other demand levels. The tdiahefits
of utility and customer in Table 2 show that DG
installation is profitable for both parties.

Figs. 4 to 7 illustrate the power generation of Oriis for
different demand levels. Four different perspectiage
implemented: Technical perspective; utility andtooser
benefit perspectives, individually and simultandpus
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Fig.4 : DG generated power from technical and exdoal
perspectives (Demand level 1)
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Fig.5 : DG generated power from technical and exooal
perspectives (Demand level 2)
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Fig.7 : DG generated power from technical and ecocal
perspectives (Demand level 4)

As shown in Figs. 4 to 7, for different demand lsy¢he
DG generation pattern from technical perspective ime
with the utility benefits point of view and thatofn
customer benefit point of view is in line with the
simultaneous benefits of utility and customeraddition at
high, base and medium demand levels, the DG gemerat
pattern from technical perspective follow the sqrattern
as economic perspective. In low demand operating
condition, there is a significant difference betwetbe
generation patterns from different perspectives.

It should be noted that, the operating DG unitshat
maximum capacity with the maximum profits are tham
objectives for customers who own the DG units. A ke
element of competition is the information utilitig®vide to
customers to enable them to manage their energyajen

in the smart grid environment. In this regardditutffers a
specific purchase price to encourage the custamfelow

a generation pattern which covers the technicalseéthe
utility. Regulatory and market design agencies hibgse
price signals will delay the need to build new postations
or at least reduce the amount of electricity thed to be
bought from more expensive sources.

According to the results obtained, the proposed DG
generation pattern considering the optimum obtaieedlts

is generation with the maximum capacity for medibase
and high demand levels. However the power generatio
low load level is considered as 50 % of maximumeciy
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of DG unites. Accordingly, the assigned power pasth
price as tariffs offered to DG owners are the optim
purchase price obtained and presented in Table 2.

CONCLUSIONS

The results show that the incentive provided to DG
developers has a major impact on their opinionptinaal
operation of DG units. It is demonstrated thatitiodusion

of customer-owned DG units offers technical beneitch
as voltage profile improvement, line loss reductiand
relief of overloading power demand. The resultaoigd
from economic evaluation of customer-owned DG
implementation to the system reveal that if a prqymever
purchase policy is executed by the utility, notyadd utility
and customer both attain the benefits, but alscuktomer

is encouraged to stay in service to overcome thgesys
peak load.

Furthermore, it is indicated that by developinghaf smart
technologies in the power systems all of the corsamith
any type of electricity demand as investors ofriisted
energy resources can actively participate in teetgtity
markets and trade electricity at the spot pricdss Will
increase the efficiency of the markets and the fitsrod the
consumers.

REFERENCES

[1] P.Basak, S. Chowdhury, S.H. Dey, S.P. Chowdhury,,2012
"A literature review on integration of distributedergy
resources in the perspective of control, protecaod
stability of microgrid”, Renewable and Sustainable
Energy Reviewsrol.16, 5545-5556.

H. Farhangi, 2010,"The path of the smart gritEEE
power and energy magazinissue.1, 18-20.

M. Zangiabadi, R. Feuillet, H. Lesani, N. Hadjsaldr.
Kvalgy, 2011, "Assessing the Performance and Benefi
of Customer Distributed Generation Developers under
Uncertainties "Energy vol.36, 1703-1712.

K. Deb, 2003, Multi-objective optimization using
evolutionary algorithmsJohn Wiley& Sons Inc., New
York, USA.

C. Kahraman, 200&uzzy multi-criteria decision making:
theory and applications with recent developments,
Springer, USA.

M. Zangiabadi, R. Feuillet, H. Lesani, 2009, "An egazh
to deterministic and stochastic evaluation of the
uncertainties in distributed generation systerG$RED,
Prague, Paper 0968.

M. Zangiabadi, R. Feuillet, H. Lesani, 2011, "Perfance
assessment of distributed generation units to ashan
loadability of distribution network under uncertas ",
CIRED, Frankfurt, paper 0864.

University of Washington, 2004, available online
http://www.ee.washington.edu/research/pstca

R.K. Singh, S.K. Goswami, 2010, "Optimum allocatain
distributed generations based on nodal pricingfofile,
loss reduction, and voltage improvement includiolgage
rise issue"|nternational Journal of Electrical Power &
Energy vol. 32, 637-644.

(2]
(3]

[4]

[5]

[6]

[7]

(8]
[9]




