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OonTUMN3ALNA NOTPEBJTIEHNA CETU MICROGRID C YYETOM
MOTPEBHOCTEW HA SJTEKTPO3HEPTUIO

Moxammad Mup3au Tanabapu?
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AHHOTALNA

OJIeKTpuYecKie CeTH AB/IOTCA IPOAYKTOM YpOaHM3aL I 11 OBICTPOTO Pa3BUTH Pas/IMIHBIX HHPACTPYKTYP 10 BCEMY MUPY
U 3a TIOCTIefHMe CToNeTs. XOTs SHepreTudecKie KOMIIAHIN PACIIONOXKEHBI B PA3HBIX PEIMOHAX, OHM, KaK [PABUJIO, UCIOIb3YIOT
OFHM U Te >Xe TeXHOJOIMU /I IPOM3BOACTBA M PACIpefe/eHNs 97eKTposHepruy. [IpaBuibHas peannsamyisi MPOrPaMMBbI
pearnpoBanus Ha crpoc (DR) gomxHa 6bITh O6ecredeHa OIpefe/IeHHbIM 060pyLoBaHMeM, YTOObI ITOTPeOUTENI 3HAIM O LieHe
Ha 97IEKTPUYECTBO B M060€ BpeMs U, COOTBETCTBEHHO, 0OOecriednBay SO/DKHBI OTKINK CeTH I CHIDKEHNUS 3arpar. JTo, B
CBOIO OYepefib, CHIDKAET CIIPOC B Yachl MUK. VIHTe/IeKTyabHas CeTh, MCIOb3YIOIas ABYCTOPOHHIOI CETb CBA3MU 1 Mepefady
nHPOPMALMY IOTPEOUTENISM, & TAK)KE YCOBEPIIEHCTBOBAHHAS CETh y4eTa 00eCIednBalT XOPOLIYI0 CTPYKTYPY /15 IIO/HOLIEHHOIT
peanusauuu nporpamm DR. B jaHHOM ¥CCIe0BaHNMN IIpeyIaraeTcsi 9KOHOMIYECKasi MOJIe/Ib pearnpoBaHms Ha cipoc. Mogenb
CIIONb3YeT IIEHOBYIO 3MIACTUYHOCTD CIIPOCA, 9TO obecrednBaeT HoTpebuTensam 6oee TOYHYIO OLIEHKY OTHOCHTENTHLHO (GaKTOpPOB,
BIMAIOLINX Ha CHPOC (HAIpuMep, LieHbl Ha 37IeKTPO3Hepruto, GoHycel u wrpadsr). [Ipy npuMeHeHNN MOJEIN K MUKPOCETH
9KCIUTyaTalVIOHHbIE PACXO/Ibl 3HAYMTEBHO CHIDKAIOTCS B 000MX PeXnMax paboThl.

KiroueBsle crioBa: yrpasiieHue 9/IeKTPOIHEPIHelt, CIPOC Ha 3MIEKTPOIHEPIUI0, CTPYKTYPa SHEProHOTpeOIeH s

OPTIMIZATION OF GRID-CONNECTED MICROGRID DEMAND CONSIDERING DEMAND
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ABSTRACT

Electricity grid is a product of urbanization expansion and rapid development of various infrastructures worldwide and over
the past centuries. Although power companies are located in diverse regions, they typically use the same technologies to generate
and distribute electricity. Proper implementation of the demand response (DR) program should be provided with some equipment
to make subscribers aware of electricity price at any time and accordingly provide a proper response to the grid to reduce costs. This,
in turn, reduces demand during peak hours. The intelligent grid, using the two-way communication network and the transmission
of information to subscribers, and an advanced metering network provide a good structure for fully implementing DR programs.
The present study applies a demand response economic model to implement DRs. The model uses price elasticity of demand,
which provides subscribers a more precise consumption behavior regarding the factors influencing demand (e.g., electricity prices,
bonuses, and fines). Applying the model to the microgrid, the operating cost significantly decreases in both operating modes.

Keywords: energy management, demand response, energy consumption pattern.

Introduction heat lost is not recovered; 8% of power plants output is
Today, there are numerous problems ahead of  lost during the transfer to the consumption load; 20%
electricity companies around the world. Some of the  of the power plant capacity is used only for peak hours
problems are as follow: currently, only one-third of the  (the peak period is 5% of the total time), and there are

fuel energy is converted into electrical energy, and the  energy shortages and environmental pollutants.
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The current power grid is inherently one-way.
In addition, due to the hierarchical structure, the
existing electrical network suffers from Domino-
Effect. The current power grid cannot eliminate the
problems [1].

Energy management (EM) changes customers’
pattern of electricity consumption in order to
achieve the desired consumption pattern. It reduces
consumption, and thus not only an appropriate
load curve is provided, and operation and planning
costs are diminished. The purpose of the Energy
Management Network (EMS) is to decide on
the best use of generators to produce power and
heat in the microgrid, the best schedule of the
storage network, proper demand management,
and accurate purchase and sale of electrical
networks [2].

The combination of several renewable energies
such as wind power and solar energy was investigated
to produce and store DC energy in a battery to
supply AC energy. The simulation was analyzed via
Matlab/Simulink [3]. Their results are used in this
paper for sizing with the lowest cost.

A method was proposed for optimal sizing
of PV array, diesel generator, and battery storage
installed in an integrated building network [4].
Optimization was done to offer a network with
minimum cost and maximum reliability. To this end,
variables such as solar energy, temperature, wind
speed, and direction were applied. They reported
the optimal ratio of size (daily energy produced
by the source to energy demand per day) as 0.737,
0.46, 0.22, and 0.17, respectively, for PV array, diesel
generator, and battery for a network in the Oman
desert. A case study was presented by a network
consisting of a diesel generator with 30 PV arrays
(36%), five kVA (9%), and DR of 200 kWh / day.
According to the findings, PV array, wind farm,
and diesel generator respectively produced 36%,
55%, and 9% of the energy, costing 0.17 USD / kWh.

The optimal size of the distribution network,
including the combined microgrid, was discussed
[5]. The microgrid was provided with photovoltaic
(PV), batteries, fuel cell (FC) technology,

and electric vehicles connectable to grids. Particle

Swarm Optimization (PSO) algorithm was
used to minimize microgrid costs of distribution
by size generation model. Analysis models and
impacts of electric vehicles on the desired size
of both microgrid distributions as well as reliability
of the intended microgrid were also examined.
Sizing was performed assuming that the battery
charge cycle was constant. A gradual change in
the number of wind generators was also used to
complete sizing. The number of solar cells was
determined, assuming the constancy of the battery
charge cycle [6, 7]. However, the current study is to
size the microgrid by assuming variability of battery
charge cycle based on the demand and using a meta-

heuristic algorithm.
Price elasticity of demand (PED)

The concept of elasticity, or demand elasticity,
refers to the sensitivity of a variable to changes in
other agents. Demand elasticity is not an absolute
elasticity but the relative sensitivity of the quantity
demanded to changes in the price, fine, or bonus of
the commodity.

When demand is perfectly inelastic, it is called
zero elasticity, and if it is perfectly elastic, it is called
infinite elasticity. Perfectly inelastic or elastic demand
indicate the status of the demand curve.

In the model proposed for this study, the
demand increasing over periods is assumed as
the consumption load during 24 hours, and time
intervals are assumed to be one hour. Thus, the
dimension of power and energy are the same. The

elasticity matrix can be written as follows:

E(L1) E(2) .. . E(1,24)
E(21) E(22) .
E = .. EG1D .. . (1)
E(241) .. EQ4)) .. E(2424)

The diagonal elements represent inner elasticity,
and non-diagonal elements represent cross
elasticity. The following relations explain inner-cross
relationships:
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Final modeling of the problem
Grid-connected operation

Objective function:
(=1 Xizalbie xi + Cie- Vi) +
+Yi=1[PB.. B, — PS;.S] + Cpg.

min
(4)

The grid understudy

To evaluate the performance of the proposed
model, it is implemented with two CDGs and three
RDGs as well as various cost factors and capacities.
Table 1 presents costs, startup, minimum and
maximum capacities of CDGs; production costs
of each CDG unit are assumed to be consonant at
intervals. Since RDGs are supposed to work at no

extra cost, they only have the maximum capacity.

Table 1 - Cost, start-up cost, and DGs capacity

Table 3 - Predicted output of renewable sources

Time (t=1,2,...,6)

1 2 3 4 5 6
RDG1(KW) 0 0 5 8 12 15
RDG2(KW) 0 0 2 3 3 3
RDG3(KW) 0 0 2 2.5 2.5 2.5

Table 4 presents the base demand curve of the
grid. The curve is divided into three periods of low
demand (1, 2, and 3 oclock), medium demand (4 and
5 oclock), and peak demand (6 oclock). Electricity
price is unsteady, i.e., 150 Iranian Rial per kWh. In
this study, the price of grid-connected electricity
is assumed to be 150 Rials. Under CAP and I/ C
program contracts, customers are required to reduce

their demand by up to 20% of the original demands.

Table 4 - Base consumption load curve

Time

Load(kwh)

1

5

DGs Cost (Rial) (KW)Capacity
variable | Startup | Minimum | Maximum
(DG1 70 100 0.6 45
(DG2 50 130 0.3 45
RDG1 0 0 0 15
RDG2 0 0 0 3
RDG3 0 0 0 2.5

10
15
25
30
40

SN | B W N

Table 2 shows the purchase and sale prices
of energy of the national grid. The selling price
is generally lower than the purchase price. For

experiments, prices are set to fluctuate significantly.

Table 2 - Purchase and sale prices of energy from the national
electric grid

Time (t=1,2,...,6)
1 2 3 4 5 6
Rial | 15 25 35 55 65 75

Rial | 5 15 25 45 55 65

PB

t

PS

t

The output of RDG units is predicted in Table
3. As an inherent feature, renewable sources are
uncertain in the production of power. The presence
of resources in power networks makes operation
uncertain. For this reason, in this study, the predicted
output is used to eliminate the impact of renewable
sources. According to Table 3, the renewable sources
of this study don’t generate electricity in the early
hours of the day, and the maximum production occurs

during the peak hours.
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Demand price elasticity is presented in Table 5.

Table 5 - Inner and cross elasticity

Peak Off-Peak Low Load
Peak -0.1 0.016 0.012
Off-Peak 0.016 -0.1 0.01
Low Load 0.012 0.01 -0.1

In order to implement DR programs, different

scenarios with bonuses and fines are presented in

Table 6.

Table 6 - Scenarios

Scenario A(t) Rial Pen(t) /Rial
1 0 0
2 100 0
3 100 100
Results

Implementation of DR programmes

Grid-connected microgrid exchanges power

with the original network. The operator’s goal is to

minimize the final operating costs resulting from the

exchange.
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Table 6 is used to apply DRs (I / C and CAP),
which include bonuses and fines. The table presents
three scenarios with striking differences in the
amounts of bonuses and fines. Using “bonus and fine”
and elastic demand in Table 5, the amount of demand
was obtained for each scenario. Simulation results
and the effect of DRs for different scenarios are stated
below:

Scenario 1 is the baseline scenario with the initial
load curve where no DR program is implemented.

Scenario 2 assumes a bonus of 100 Rials /
kWh and a fine of 0 Rial / kWh. In other words,
ISO provides rewards to customers for reduced
consumption without penalty. By applying the final
model to the initial load curve, the amount of demand
is reduced to 0.86 kW at the peak.

Scenario 3 assumes a doubled sum of the bonus
and fine compared to Scenario 2; the amount of the
reward is 100 Rial / kWh, and the fine is 100 Rial /
kWh (200 Rial / kWh totally). Figure 1 shows that
the peak consumption is reduced by 1.7 kW (twice
more than Scenario 2). Therefore, by increasing the
number of rewards and penalties, ISO encourages

more consumers’ participation in DRs. Rewards and

Table 7 - Demand scenarios

fines have a similar impact on the reduction of the
consumption load; the sum value determines the final
demand.

According to Table 7, the peak load decreases
by 2.15% in Scenario 2 compared to the base
load (Scenario 1) by rewarding the consumer. In
Scenario 3, the network operator reduces peak load
consumption by 4.3% as the result of imposing fines
and rewards on the subscribers, which is twice more

than Scenario 2.

Optimal grid-connected microgrid simulation

Grid-connected microgrid is capable of receiving
and sending power to the global network, i.e., it can
buy power from and sell it to the global network. The
operator seeks to reduce the final operating costs as
much as possible.

According to the Table 8, Purchase and sale prices
are 55 and 45 Rials at 4 oclock. However, since the
unit production costs 50 Rials, the purchase and sale
of energy will not be cost-effective. Therefore, the
network operator decides to generate power at this
time. The rate of production will vary depending

on the type of scenario. According to the table, the

1 5000 10000 15000 25000 30000 40000

2 4106 8213 12320 22433 26920 39140

3 3213 6426 9640 19866 23840 38293
45000
40000
35000
30000 //
25000 /{/
20000 //.//‘
15000 /
10000

5000
0 T T 1
2 3 4 5
e=f=D sl =fi=D s2 ==e=D s3
Figure 1 The effect of DRs on the base load curve
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production rate of Scenario 3 is the lowest. As the
price of selling power to the national network (55 and
65 Rials) is higher than the production cost (50 Rials)
and since income is earned from power generation
during 5 and 6 oclock, the operator decides to produce
at maximum unit capacity in order to sell the surplus
of production to the global network. Table 9 presents

to purchase and sale amounts.

Table 8 - CDG production rate in grid-connected operation

1123 4 5 6
Xs1 0|00 11500 45000 45000
Xs2 0|00 8933 45000 45000
Xs3 000 6366 45000 45000

Table 9 - Power purchase/sale amount

1 2 3 4 5 6
Bs1 | 5000 | 10000 | 6000 | 0 0 0
Bs2 | 4106 | 8213 | 3320 | 0 0 0
Bs3 | 3213 | 6426 | 640 | 0 0 0
Ss1 | 0 0 0 0 | 32500 | 25500
$2 | 0 0 0 0 | 35580 | 26353
S3 | 0 0 0 0 | 38660 | 27206

Moreover, with the application of scenarios, the
amount of energy purchase in Scenario 3 is less than
in other scenarios, but the amount of power sale to
the network is more. By a reasonable bonus and fine,
power generation and energy purchase from the grid
decreases; though, the sale amount increases.

According to the Table 10, using Scenario 3,
the operator can optimize power exchange in order
to reduce costs. Improper rewards and fines to
implement DRs impede the minimization of operating
costs. Further, DRs with non-optimal bonuses and

fines may increase operating costs.

Table 10 - Final costs in grid-connected operation

Final costs in grid-connected operation
Scenario 1 cost 10°%2.16
Scenario 2 cost 106%1.66
Scenario 3 cost 10%1.02
Conclusion

Increasing demand for electricity is associated
with deficiency and backlog of investment in

electricity infrastructure and reduced stability
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of the generation and distribution grid. Any
unforeseen increase in demand or deviation in
power distribution networks may lead to equipment
failure, consequent global blackouts, and severe
economic losses. However, demand for high-quality
electricity, as well as electricity consumption, is
expanding. Microgrids are a flexible solution for the
problems caused by grids distributed generation.
The MicroGrid Central Controller (MGCC) is
responsible for minimization of island operating
costs and optimization of power exchange with the
global grid to reduce grid-connected operating costs.
The present study applied a kind of decentralized
control to manage energy. In decentralized control,
each microgrid is controlled by a controller. It is a
possible solution for the elimination of microgrids
control and EM problems. The use of multi-function
systems is a good candidate for decentralized control
of power microgrids. Each factor of a multifunction
system uses its intelligence to determine the leading
activities and make decisions independently of other

factors.
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