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Abstract. Nowadays micro-grids are employed to improve the resilience and stability of power sys-
tems. The supervised operation of several distributed generation (DG) in a distribution system will give
customers enough options to select the better solution under various priorities. Strategic planning studies
with a variety of options are presented to the decision-maker. Major problems faced by decision-makers
are assigning weights to the attributes, using attribute data for various alternatives, and making final
decisions. These problems can be effectively managed in the multi-attribute decision-making approach.
It deals with choosing the best option from a large but finite number of options while taking into account
how each option performs concerning several attributes. In this paper optimal planning of a DG using
the R method considering various configurations such as hybrid DG, Micro-grid, and the grid is pre-
sented. Three attributes such as reliability, incremental cost, and T&D losses are considered in this
paper. The results are compared with the Analytical Hierarchy Process approach. The R method is
a relatively simple and efficient as it requires less time, limited attention of the decision maker, and a
high capacity for processing the information. This research paper will help to develop a control
algorithm using fuzzy for strategic planning of DGs.
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nenHoit renepanuu (DG) B cucteme pacmpeneneHus IPEJOCTABUT KIMEHTaM JOCTATOYHO BO3-
MOXKHOCTEH JUIS BBIOOpaA JIYUIIEro PeIIeHUsl ¢ y4eTOM Pa3iINYHBIX HPHOPUTETOB. Jlniy, mpuHH-
MAIOIEMy pELICHUEe, NPENAOCTABIIIOTCA HCCIECAOBAHUS CTPATErMYECKOro IUIAHUPOBAHUS C pa3-
JUYHBIME BapuantaMu. OCHOBHBIMH ITPOOJIEMaMH, C KOTOPBIMH CTAJIKHBAIOTCS JIMLA, IPUHUMA-
IOIMEe PEIICHHs, ABJISAIOTCS MPUCBOCHUE BECOBBIX KOA(DGUIMEHTOB aTpulyTaM, MCIOJIb30BaHHE
JAHHBIX aTpPUOYTOB IS Pa3IMYHBIX AIBTEPHATUB M NPUHATHE OKOHYATENIbHBIX DELICHUH. DTH
mpo0IeMBbl MOKHO 3((GEKTHBHO PEIINTh, UCTONB3YSI MHOTOATPUOYTHBHBIA MOAXOM K MPHHSATHIO
pereHuid. JJaHHbIH HOIXOA MO3BOJSCT OCYLIECTBIISITh BHIOOP HAMIIYYLIEro BapuaHTa U3 OOJIBIIO-
T0, HO KOHEYHOTO YHCIIa BAPHAHTOB C YYETOM TOTO, KaK Ka)KIbIH BaPHAHT CIIOCOOEH BBIONHSITH
HECKOJIbKO aTpuOyToB. B maHHOH cTaThe IpenCcTaBICHO ONTHMAalbHOE IIAHHUPOBAHUE pacIpere-
JICHHOH TeHepalyy C UCIIOJIb30BaHHEM MeTola R, YUMTBHIBAIOIIEro pa3jiMyHble KOHQHIypanuu,
TaKue Kak rHOpHIHas pacupeelieHHas reHepanys, MUKPOCeTh U ceTka. JlaHHas cTaThs paccMat-
pHMBAaeT TPU XapaKTEPUCTHUKM: HAJEXKHOCTb, NOMOJHHUTENbHbIC 3aTPaThl M MOTEPH IPU Hepenaye
U pacnpeleneHuu. Pe3ynbTaThl CPaBHHMBAIOTCS C IIOJXOAOM AHAIMTHYECKOTO HEpapXHYeCKOro
npouecca. Metox R oTHOCHTENBFHO MPOCT M 3PPEKTUBEH, TOCKOIBKY TpeOyeT MEHbIIE BPEMCEHH,
OrpaHMYCHHOTO BHUMAHUS JIMLA, TPUHUMAIOIIETO PEIICHHS, U BBICOKOH IPOU3BOANTEIBHOCTH IS
obpabortku nHbopManmu. JlaHHas MccienoBaTenbeKkas padoTa MO3BOJIHUT pa3padoTaTh ANTOPHTM
YIpaBJIEHHS C UCIIOIH30BAHIEM HEUETKOH JIOTHKH CTPATEeTHUecKOro IIAHMPOBAHUS PabOTHI pac-
HpeIeTUTENILHBIX TPYIIIL.

KiroueBble cj10Ba: YyBCTBHUTENIBHBIN JJIEMEHT, JCTEKTOPHBIH AMOJ, TEpareploBoe H3Iy4YeHHE,
TpexXMepHasi MOJeNb, pe3oHaHcHas yactora, HFSS, agdexruBHOCTS peoOpa3zoBaHus, TOTEpH Ha
oTpakeHne, K03pOUIMCHT HAIIPABIEHHOTO JIEHCTBUS

Jnst umrupoBanus: [lnanupoBaHue pacnpeneneHHON reHepaliy ¢ UCIoIb30BaHHeM MeToa R /
C. Tamd [u ap.] // Duepeemuxa. Hze. evicut. yued. 3agedenuti u suepe. o6vedunenuti CHI'. 2025.
T. 68, Ne 6. C. 504-516. https://doi.org/10.21122/1029-7448-2025-68-6-504-516

Introduction

Nowadays in developing countries like India Distributed generation (DG)
has become a important part of the power system network. It has various ad-
vantages like minimum generation cost and transmission cost, minimum trans-
mission and distribution losses, less pollution, and improved reliability of the
system [1, 2]. In India government is motivated to utilize decentralized clean
energy resources like solar PV, Wind and Biogas, etc. generation to provide
electricity in rural areas where it is not served by centralized transmission and
distribution infrastructure of electrical energy. This results in transmission cost
savings and a reduction in fossil fuel emissions. Micro-grids are employed to
increase the resilience and stability of power systems [3]. The Micro-grid com-
prises a collection of electrically distinct linked loads and DGs.

There are two modes of operation of the Micro-grid: 1. Grid-connected
and 2. Islanded mode. As per the availability of electricity, a Micro-grid can be
switched ON and OFF from the grid and acts as an independently controlled
structure concerning the grid [4].

Fig. 1 represents the basic structure of a Micro-grid which includes various
types of loads, and DG resources including an energy storage system (ESS),
main controller, smart meters and switching systems, protection equipment,
communication systems as well as automated control system [3]. It provides lots
of benefits such as low cost, less emission, minimum transmission losses with
improved reliability of the system, and is more flexible than a backup generating
unit. It consists of dispatchable and non-dispatchable DGs. Renewable energy
sources (RES) are non-dispatchable units because they produce unpredictable
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and irregular output power [5]. Because of the intermittency and volatility of the
output, it is necessary to support ESS. The ESS plays a vital role in coordinating
with the DGs to ensure appropriate generation from Micro-grids during the is-
landed as well as grid-connected modes of operation [6]. It can also be used for
energy management during low-price hours the energy can be stored in ESS and
can be used to supply load during peak hours [7]. Protective equipment and
smart switches regulate the connection between loads and DGs. The function of
the master controller is to connect or disconnect a Micro-grid from the utility
grid according to economic and security issues. The smooth functioning of con-
trol operations and guarantee of uninterrupted, efficient, and reliable interaction
amongst Micro-grid components is achieved with the help of advanced automa-
tion technologies for communications, and control. Islanded mode of operation
is the most distinguishing feature of Micro-grid.

Fusl | i

Cell |~ \_ | PCC |
Ga

" Solar | | g locoe Lpbbcac | | Wind
Powser = -__- Emw:-lh.'rl; gy -N- - Power

| ] — | Y — ) 1 ]
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Fig. 1. Basic Structure of Micro Grid

The study of Micro-grids has grown considerably during the past few years
in light of the growing interest in their application. Challenges faced while inte-
grating the Micro-grids with the utility grid and the solutions to overcome these
challenges are elaborated in [8]. The status of Micro-grids in India is presented
in [9]. To address the constraints and difficulties of the distribution network,
such as the optimum size and placement of a distribution substation and DGs,
a multi-dimensional framework for optimal active distribution network planning
is introduced in [10, 11]. In the distribution system planning problem, the plan-
ning horizon is split into various subperiods and is solved by considering
the investment and operating costs [12]. Mathematical models for the analysis
of the economic benefits of DGs are presented in [13]. Based on the equal
incremental rate of non-renewable fuel consumption, the economical dispatching
and optimal power flow computation for Micro-grid integrated systems were
developed by [14]. A power flow algorithm for a distribution network with DGs
was proposed in [15]. Using load flow analysis and optimization techniques
the optimum location and size of DGs were determined for a Micro-grid [16].
The cost of generation of DGs and non-renewable energy sources is determined
and is used for long-term planning. Multi-objective optimization model of iso-
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lated Micro-grids was proposed by [17]. Ant colony optimization technique was
used to reduce pollution and minimize the cost of generation.

From the literature review, it is concluded that the deployment of some
recent innovations in distribution systems, such as Micro-grids, and the super-
vised controlled operation of several DGs will give enough options to select bet-
ter solutions under various priorities to the users. The strategic planning studies
provide a variety of options to the decision-maker, including grid connection,
hybrid systems, and the newest option, micro-grid. The Micro-grid option has
received a lot of attention from researchers, and while there are numerous
advantages claimed for it, they must be supported by analytical techniques that
can quantify the advantages. In old techniques, the significant aspects and rela-
tionships between the system's elements are established in the initial phase.
An additive utility function with appropriate weights is developed in the second
phase. With these features for special attributes, comparing multiple options
is simple. The results, however, may be distorted by the adequacy and quality
of the supplied data. This problem can be effectively managed using the multi-
attribute decision-making (MADM) approach.

The MADM problems deal with choosing the best option from a large but
finite number of options while taking into account how each option performs
concerning several attributes. Assigning weights to the attributes, use of attribute
data for various alternatives, dealing with qualitative attributes or incomp-
lete information, and making final decisions are the major problems faced by
the decision-maker. Several MADM methods like Analytical Hierarchy Pro-
cess (AHP), Analytical Network Process, Preference Ranking Organization
Method for Enrichment Evaluations, Decision-making Trial and Evaluation La-
boratory, Best-Worst Method, etc. are available in the literature. These methods
are used by many researchers however these have demerits like requiring
lengthy calculations and with the increased number of alternatives and attributes
the method become more complex. Different methods used for normalization of
data may change the rankings of alternatives and make the calculation procedure
complex. The AHP method was implemented by [18, 19] for optimal DG plan-
ning. The AHP approach generates numerous comparison matrices by compar-
ing attributes and alternatives. The dimension of these comparison matrices is
completely depended upon the number of alternatives and attributes. Additio-
nally, the ranks of the alternatives will differ depending on the weights assigned
to the attributes using the arithmetic mean, geometric mean, etc.

Strategic resource planning for conventional resources was done using the
MADM methodology. Moreover, cost-benefit analysis, the potential for defer-
ring T and D, a decrease in T and D losses, etc. were typically used to support
the viability of DG in a power system. These are all significant issues, but they
cannot be the only ones used to make decisions. In this paper optimal planning
of a distribution system using the R method considering various configurations
of Micro-grids such as hybrid DG, Micro-grid, and the grid is presented.
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This paper contributes to providing a detailed discussion on:

1. R method for strategic Planning studies based on the MADM approach.

2. Implementation of the R method for DG planning in the distribution system.

3. Analysis of the strategic planning of DG using the R method for various
loading conditions and expansion strategies.

Rest of the paper is structured as follows: Section 2 covers the fundamentals
of the R method. Implementation of the R-method for strategic planning of dis-
tributed generation is presented in Section 3. Results and discussion are elabo-
rated in Section 4 and the paper is concluded in Section 5.

@ The R Method

From the literature review
of the MADM techniques, it is
concluded that the weights of
the attributes are derived either
by objective or subjective ap-
Y proach. In the objective ap-
Rank the alternatives and j proach, there is no role of the
—\
J
_\\

Define the decisiocn making problem
and identified number of attributes

attributes decision maker in deciding the
preference. On the other hand,
in the subjective approach, the
weights are assigned by the
ranking method. There is a
need for the development of
a simple and efficient tech-
nique to solve complex deci-
sion-making problems having

Y

Y
ssign weight as per the Rank of the
alternative of each attribute

[ Calculate the weight of the Rank
(A

~ ‘ many attributes and solutions.
In 2021, V Rao proposes the R

/Calculate the composite score of each| method for strategic planning
alternative of attributes which is based on the alterna-

Composite score = 3 wt.of rank x w.of aiternative tives and attribute ranking [20].

. where n =no.gf altrbules ~ Decision table in MADM
Y approaches contains alternate-

their composite score and performance metrics for

Eﬂ\ssign rank to each alternative as per] ves, attributes, attribute weights,
the alternatives. The prime goal

Y of the decision maker is to
‘ Display the solution identify the best alternative by
ranking all alternatives from

the decision table as per the
Y decision-making methodology.
END Fig. 2 shows the flow chart of
step-by-step procedure of the R

Fig. 2. Flow Chart of R Method method.
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Implementation of the R Method for Strategic Planning
of Distributed Generation

For most developing nations worldwide, the main issues are the growing de-
mand for energy, 100 % rural electrification, and the limited supply of conventional
generation resources. In India, these problems are overcome by increasing the use
of renewable energy sources such as solar, wind fuel cells, etc. As of Feb. 2023,
the installed capacity of renewable resources is almost 130 GW. Electricity genera-
tion by renewable resources has increased by 109 % since 2014.

Problem Formulation. In India, for the electrification of rural areas, micro-
grid is the most appropriate option. It is also observed that there is the possibi-
lity of interconnecting two or more renewable resources such as solar, wind bio-
gas, etc. The main advantage of micro-grids is the increased reliability and secu-
rity of the system. However, finding a suitable combination of sources of energy
to supply load demand is the biggest challenge in micro-grid operation. Social/
technical/political issues make the decision-making process complicated. There
are various options such as stand-alone, hybrid, and micro-grid are available to
the decision-maker. The stakeholders' perceptions of various competing attri-
butes must also be taken into account. Therefore, the problem is simply to evalu-
ate the various options and find the ranking of the same as per the attributes by
using any of the effective MADM techniques.

Implementation of R Method. In this paper strategic planning for DG using
the R method is presented. Various loading conditions such as light load, and
high load of medium voltage distribution system were considered for the same.
Various types of loads for respective loading conditions are given in Table 1 [19].
The analysis is carried out for three different attributes such as:

Attribute 1: Incremental Cost.

Attribute 2: Transmission and distribution (T&D) losses.

Attribute 3: % time duration for which the load remains unserved for

a month.
Table 1
Various types of Loading Conditions
Load High Load (kW) Low Load (kW)
Residential Load 353 122
Commercial Load 88 31
Industrial Load 328 114
Agriculture Load 1751 607
Total Load 2520 874

The values of each attribute for different expansion strategies for various
loading conditions given in Table 2 are taken from [21].
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Table 2
Values of each attribute for different expansion strategies [21]
Expansion Strategies Attribute 1 Attribute 2 Attribute 3

Low Load condition

Grid Mode 0.004 0.71428 1

Hybrid Mode 0.0433 0 0.1249

Micro-grid Mode 0.06105 0 0.0416

High Load condition

Grid Mode 1 1 0.7498

Hybrid Mode 0.9035 0 0.2499

Micro-grid Mode 0.7465 0 0.0166

Following is the step-by-step procedure of the R method.

Step 1: Formulate the problem of DG planning and frame the attributes re-
quired.

Step 2: Run the R Method algorithm and prepare the decision table with per-
formance indicators of the alternatives corresponding to the attributes.

Step 3: Rank the attributes as per the various cases considered for study.

Step 4: Rank the alternatives as per the performance indicator. It may be
quantitative or qualitative.

Step 5: Calculate the corresponding weights using the ranks that were given
to the attributes and alternatives.

Step 6: Calculate the composite score of the alternatives by adding the pro-
duct of the weights of attributes and the corresponding weights of alternatives.

Step 7: Arrange the alternatives in descending order. An alternative with
the highest composite score will be the best choice.

Results and Discussion

In the MATLAB environment, the R-method algorithm is written. For the
analysis, various loading conditions and expansion strategies with different
priorities of attributes are considered.

For each expansion strategy, the highest priority attribute will be different.
For the customer, reliability is the highest priority however for the utility T
and D losses and the cost are important for micro-grids. To prove the efficacy
of the R method for strategic planning of DGs the program is run for various
cases with different load conditions such as Low Load, High Load, and Com-
bined Load conditions for various attributes priorities.

The result analysis is carried out for three cases considering each attribute at
the highest priority. The three cases considered are as follows.

Case 1: Attribute 3 i. e. reliability of supply is at the highest priority.

Case 2: Attribute 2 i. e. efficiency (I’ & D Losses) of the system is consi-
dered the highest priority.

Case 3: Attribute 1 i. e. Incremental Cost is at the highest priority.
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The decision table which consists of the weight of the attributes, composite
score, and composite rank for different priorities of attributes with high and low
loading conditions for various expansion strategies are given below from Table 3
to Table 11. The results of the R-method are compared with the results of the
AHP method presented in [21].

Table 3
Decision Table
Compo- | Compo- Variance of com-
Expansion Strate Attri- | Attri- | Attri- si tcl: si tcl: posite distance
P gy bute1 | bute2 | bute3 (Results of ref.
score Rank
[21])
Grid + High load 0.10510 | 0.10510 {0.11163| 0.07160 6 0.690
Grid + Low load 0.29955 | 0.11163 {0.10510( 0.10272 4 0.804
Hybrid + High load 0.11163 | 0.15766 [0.12062 | 0.08586 5 0.186
Hybrid + Low load 0.19970 | 0.15766 {0.13413| 0.10429 3 0.097
Microgrid + High load | 0.12062 | 0.15766 [0.29955| 0.14092 1 0.162
Microgrid + Low load | 0.13413 | 0.15766 {0.19970| 0.11322 2 0.102
0.16339 | 0.19970 [0.29955
Rank of Attribute
3 2 1
Table 4
Decision Table Case 1: Low Load Condition
. Attri- Attri- Attri- Composite |[Composite
Expansion Strategy bute 1 bute 2 bute 3 score Rank
Grid 0.45205 0.24658 0.24658 0.29724 2
Hybrid Mode 0.30137 0.27123 0.30137 0.29229 3
Microgrid 0.24658 0.27123 0.45205 0.34689 1
0.24658 0.30137 0.45205
Rank of Attribute
3 2 1
Table 5
Decision Table Case 1: High Load Condition
Expansion Strate Attri- Attri- Attri- Composite | Composite
Xpanst gy bute 1 bute 2 bute 3 score Rank
Grid 0.24658 0.24658 0.24658 0.24658 3
Hybrid Mode 0.30137 0.27123 0.30137 0.29229 2
Microgrid 0.45205 0.27123 0.45205 0.39756 1
Rank of Attribute 0.24;658 0.3(;137 0.451205

Case 1: Reliability of supply is at the highest priority.
The program is run for all loading conditions with reliability as the highest

priority. The results are presented in Table 3 to Table 5 for combined load, low,
and high load conditions respectively. From the output results it is concluded
that the Micro-grid option is the most reliable option for any load condition.
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In [21] the variance of the composite distance is minimum for hybrid mode with
low load and micro-grid with low load conditions so these are selected as the
best planning option. However, the load is variable and for high-load conditions,
the AHP method is not performing well. On the other hand, in this paper, from
the output results of the R method used for DG planning, it is observed that the
composite rank of micro-grid options for high as well as low load is rank 1 and
rank 2 respectively hence as per the load condition best planning option can be
selected.

Case 2: Efficiency of the system is at the highest priority.

In this case 2 the program is run considering 7 and D losses at the highest
priority for all loading conditions. The results are tabulated in Table 6 to Table 8
for Low, high, and combined load conditions respectively. In this case, also the
micro-grid option is found to be the most efficient option in the distribution sys-

tem for any load condition.

Table 6
Decision Table Case 2: Low Load Condition
Expansion Strategy | Attribute 1 | Attribute 2 | Attribute 3 | Composite score Col?;:)lflte
Grid 0.45205 0.24658 0.24658 0.29724 2
Hybrid Mode 0.30137 0.27123 0.30137 0.28775 3
Microgrid 0.24658 0.27123 0.45205 0.31965 1
Rank of Attribute 0.24658 0.45205 0.30137
3 1 2
Table 7
Decision Table Case 2: High Load Condition
Expansion Strategy| Attribute 1 | Attribute 2 | Attribute 3| Composite score Colrln:::)ljlte
Grid 0.24658 0.24658 0.24658 0.24658 3
Hybrid Mode 0.30137 0.27123 0.30137 0.28775 2
Microgrid 0.45205 0.27123 0.45205 0.37031 1
Rank of Attribute 0.24658 0.45205 0.30137
3 1 2
Table 8
Decision Table Case 2: Combined Load Condition
Expansion Strategy Attribute 1 |Attribute 2| Attribute 3 Composite | Composite
score Rank

Grid + High load 0.10510 0.10510 0.11163 0.07095 6
Grid + Low load 0.29955 0.11163 0.10510 0.10337 4
Hybrid + High load 0.11163 0.15766 0.12062 0.08955 5
Hybrid + Low load 0.19970 0.15766 0.13413 0.10664 3
Microgrid + High load 0.12062 0.15766 0.29955 0.12675 1
Microgrid + Low load 0.13413 0.15766 0.19970 0.10902 2
Rank of Attribute 0. 13339 0.291955 0. 192970
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Table 9
Decision Table Case 3: Low Load Condition
Expansion Strategy | Attribute 1 | Attribute 2 | Attribute 3 |Composite score COIT ::Elte
Grid 0.45205 0.24658 0.24658 0.33946 1
Hybrid Mode 0.30137 0.27123 0.30137 0.29394 3
Microgrid 0.24658 0.27123 0.45205 0.31458 2
Rank of Attribute 0.45205 0.24658 0.30137
1 3 2
Table 10
Decision Table Case 3: High Load Condition
Expansion . . . . Composite
Attribute 1| Attribute 2 | Attribute 3 | Composite score
Strategy Rank
Grid 0.24658 0.24658 0.24658 0.24658 3
Hybrid Mode 0.30137 0.27123 0.30137 0.29394 2
Microgrid 0.45205 0.27123 0.45205 0.40747 1
Rank of Attribute 0.45205 0.24658 0.30137
1 3 2
Table 11
Decision Table Case 3: Combined Load Condition
. . . . Composite | Composite
Expansion Strategy Attribute 1 | Attribute 2 | Attribute 3
score Rank
Grid + High load 0.10510 0.10510 0.11163 0.07095 6
Grid + Low load 0.29955 0.11163 0.10510 0.12896 1
Hybrid + High load 0.11163 0.15766 0.12062 0.08329 5
Hybrid + Low load 0.19970 0.15766 0.13413 0.11236 3
Microgrid + High load 0.12062 0.15766 0.29955 0.12171 2
Microgrid + Low load 0.13413 0.15766 0.19970 0.10582 4
Rank of Attribute 0,291955 0.12339 0.192970

Case 3: Incremental cost is at the highest priority.

To test the proposed algorithm for economic operation Attribute 1 i.e. incre-
mental cost is kept at the highest priority. From the output result (refer to Tab-
le 9 to Table 11) it is found that for economical operation of the distribution sys-
tem during low and combined load conditions grid option is the most suitable
whereas during high load conditions micro grid option is at rank 1.

The composite rank for different expansion strategies for combined load
is shown in Fig. 3. From Fig. 3 it is clear that from a supply reliability and sys-
tem efficiency point of view, the Microgrid strategy is most suitable for high as
well as low load conditions. However, for incremental cost at top priority, the
grid option during low load and the Microgrid option during high load condi-
tions is found suitable. The ranking for various expansion strategies for reliable
supply and efficient operation of the system is the same.
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load load load load +Highload  +Low load

Fig. 3. Composite Rank for different expansion strategies with various attributes

Fig. 4 shows the graphical representation of the composite score for all the
attributes of various expansion strategies. From Fig. 4 also it is clear that the
composite score is the maximum for microgrid options with high as well as low
load conditions for all cases. On the other hand, the difference in a compo-
site score of first and second rank is very small i. e. 0.00725, and the third and
fourth rank is 0.00654 is also very negligible for incremental cost at the highest
priority.
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Fig. 4. Composite Score for different expansion strategies with various attributes
Fig. 5 and Fig.6 present the composite score for the grid, hybrid mode, and

Microgrid strategies for reliable supply, efficiency of the system, and incremen-
tal cost as the highest priority during high and low load conditions respectively.
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Fig. 5. Composite Score for different expansion strategies with various attributes
during High Load Condition
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From Fig.6, it is clear that during high load conditions Microgrid option is
the most suitable for all three attributes i.e. reliability of supply, efficiency of the
system, and incremental cost considered at highest priority.

0.16
0.14
§ 012
@« 0.10
2 0.08
2 0.06
§ 0.04
0.02
0 Grid +High Grid +Low Hyhbrid Hybrid Microgrid  Microgrid

load load +Highload +Low load +Highload +Low load

m Reliable  m Efficient Cost

Fig. 6. Composite Score for different expansion strategies with various attributes
during Low Load Condition

During low-load conditions for reliable supply and efficient system opera-
tion, the Microgrid option is most suitable however for incremental cost Grid
option is most suitable.

Conclusion

Micro-grid is a small-scale power system having lots of benefits such as low
cost, less emission, minimum transmission losses with improved reliability
of the system, and more flexibility in operation. Smart switches and protective
devices manage the connection between loads utility and DGs. The islanded
mode of operation is the most salient feature of the Micro-grid. Micro-grid, and
the supervised operation of several DGs in a distribution system, provide cus-
tomers with enough options to select the better solution under various priorities.
The MADM approach is most suitable to solve this problem. R-method is simple
and easy to implement as compared to other MADM techniques. It also requires
less time, limited attention of the decision maker, and a high capacity for pro-
cessing the information. From the output results it is concluded that for the reli-
able supply, efficient system, and incremental cost Micro-grid option is most
suitable during all loading conditions. This research paper can be extended by
incorporating fuzzy with the R-method for developing the control algorithm for
strategic planning of DGs.
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