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Abstract:

This paper introduces a method to improve the performance of power systems using
demand side management to overcome the problems of increasing load demand.
Defining suitable demand reduction levels can cause a significant enhancement for the
entire network. Therefore, the sensitivity factors related to each load centre are defined
to rank the load centres according to their priority. According to these factors, the best
required load reduction can be obtained at each load centre. The recommended reduction
level has to ensure overcoming the problems associated with the voltage profile and
transmission lines overloading due to the increase in load demand. The IEEE 30 bus
system is used to highlight the demand-side management strategy under different
loading conditions. Some simulation results are introduced to show the importance of
considering the sensitivity of load centres when defining the reduction levels at each
load centre. The recommended demand side management is compared with the load
shedding technique as an emergency action to avoid the problems of line violation and to
keep the system stable and secure. According to the obtained results, considerable
improvement is achieved in the voltage profile, the network efficiency and power loss
without the need for the load shedding. These results encourage the implementation of
the introduced technique considering sensitivity of load centres in smart grid
environment.
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|.INTRODUCTION

The utilization of electric energy, which is a main
support to industry development, has been increased
significantly in the last years [1]. The load-demand
increase causes some contingencies in transmission
lines and can cause violation in line constraints [2]. The
constraints violation affects the security of the entire
power system. Even under normal operation, the power
quality will be affected with this loading due to, e.g. the
higher voltage drop [3], [4]. Conventionally, the power
system components have to be upgraded according to
the load increase. Alternatively, distributed generation
and renewable energy sources, such as wind turbine and
photovoltaic, can be wused. This is normally
accomplished based on extremely expensive plan study
and may not be sufficient in some cases to match
available generation with the demand [5], [6].
Otherwise, the load shedding is necessary to prevent
any over loading on the network. However, this cannot
be accepted from customers since the supply continuity
represents a main requirement for them.

Recently, Demand Side Management "DSM" is
applied as an important methodology to overcome the
problems associated with load-demand increase. The
DSM enhances the utilization of the transmission
system by shifting loads to other periods [7]. Some
residential loads can be shifted in time without
bothering customers such as washing machines [1], [8]
but this process has to be achieved by customer
participation.

In [8], a control methodology to emerge DSM with
distributed generation and distributed storage is
introduced. An advanced system is developed in [9]
using programmable appliances at sites of consumer to
take intelligent decisions automatically according to real
time demand data. In [10] on the other hand, the
management is accomplished using cell phones, which
display information and allow consumers to control
electric appliances. In [7], a design of a smart home
controller is proposed to provide efficient electricity
management of domestic loads depending on
forecasting the electric demand of consumers. In [4], a
methodology is proposed to install capacitors and
voltage regulators at distribution networks to control the
voltage magnitude with the load increase.

These solutions need special arrangements to
control the residential loads, which increases the cost
considerably. In addition, the management can take
place independently on customers, which can cause
some problems and may be impractical. Furthermore,
these methods do not differentiate between consumers
from the side view of their effect on the network
performance.

This paper investigates the utilization of DSM
technique depending on the influence of different load

centres on the network performance. The main idea is to
differentiate between different loads according to the
sensitivity of the network to their variation. Therefore,
the effect of load variation on the network behaviour is
deeply studied using the IEEE 30-bus system. The idea
is to define the loads that have higher influence on
power flow, losses, cost of generation and bus voltages.
The effect of load reduction based on sensitivity factors
is compared to the case of random load reduction to
ensure the effectiveness of distinguishing different
customers. The operation within smart grid will enable
using bi-directional communication to evaluate system
situation and send suitable reduction levels to customers
depending on their sensitivity factors. In addition, smart
meters can be used to display the energy price according
to the response of each load centre.
Il.  PROBLEM FORMULATION

The continuous increase of electricity utilization
affects the performance of electrical networks [1]. It can
be observed on the IEEE 30-bus system, for instance,
that the load increase causes over-power flow on the
lines and in certain situations, the maximum power
limits are violated. The number of violated lines
depends on the percentage increase of the load demand.
Hence, it is possible to reduce or even eliminate the
power limit violation by decreasing the load demand
through the customers contribution. The participation of
customers not only affects the magnitude of power flow,
but also the quality, amount of generated power, cost of
generation and bus voltages.

I1l. DEMAND-SIDE MANAGEMENT ALGORITHM

A. System description

The IEEE 30-bus system is chosen to investigate
the DSM strategy. The possibility of participating
different loads on the management process will be
studied and the effect of this process on the performance
of the network will be evaluated. Table (1) summarized
the description of this network.

Table 1, parameters of the IEEE 30-bus system
Buses 30 | Loads 20
Generators 6 Branches 41
Committed Gens | 6 | Transformers | 0
The problem of overloaded lines can be solved by
load reduction. The demand reduction can be performed
randomly or according to the effect of each load on the
performance of the entire network. In all cases, the load
has to be reduced to the level that eliminates any
violation in the transmission-lines limits. Any scenario
of load reduction has to take into consideration the
buses that have more effect on the network
performance. Hence, the more sensitive buses have to
be defined and taken into account since they can affect
the system when respond to the signal for reducing their
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demand. These buses can be identified by the so-called
coefficient of sensitivity (sensitivity factor).

B. Sensitivity factor
The sensitivity factor is used to define the more
sensitive buses. The sensitivity analysis for the system

(30 buses) can be determined by the following steps

[11].

1. The value of a certain load is increased by a certain
value AS;, while other loads are maintained at their
original values.

2. The change in the power flowing in all transmission
lines ASt.jj is defined

3. The sensitivity factor for each bus i “SK” is
determined using the following equation:

n
2 AST_jj
I_=1_
j#i
1
A5, o))

4. The buses are ranked according to their sensitivity
factors from the highest value to the lowest value.

SF; =

C. Effect of considering sensitive load centres

Due to the change in load demand, the generation
cost, losses and bus voltages are changed. If the total
reduction in load demand is requested from all load
centres randomly or by the same percentage, the
network performance will be improved. However, this
improvement may not be enough to achieve the required
operation of the network. On the other hand,
considering the sensitivity factors of each load centre
can attain better performance and satisfy system
constraints when requesting the same total demand
reduction. Fig (1) and Fig (2), respectively, show the
network efficiency and losses with different loading
reduction levels after satisfying all constraints. Two
curves are given for the cases of considering and
omitting the sensitivity factors when the load is reduced.
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Fig (2) Transmission losses with different load reductions

These figures show that reducing load demands in
the IEEE 30-bus network considering sensitivity factors
gives better results considering both the network
efficiency and the losses. The required percentage load
reduction to eliminate the violation of the line
constraints is lower when the sensitivity factors are
considered. For 95% loading for instance, the load has
to be reduced to 84.22% considering sensitivity factors,
compared to 81.35% for random reduction.

Fig (3) and Fig (4) compare between the bus
voltages of the IEEE 30-bus network considering and
disregarding the sensitivity factors.
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Fig (3) Bus voltages when demand is reduced from 95% to
84.22%
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For the two figures, the load demand at load
centres is reduced from 95% to 84.22% and from 85%
to 80.99% respectively. Regarding the voltage levels,
considering sensitivity factors gives better voltage
profile for the same load reduction level. It is clear from
the figures that the load reduction is more effective
when sensitivity factors are considered. Furthermore,
considering sensitivity factor results in satisfying the
line constrains, while some line limits are violated when
the reduction is carried out randomly. To reach the point
where all constrains are satisfied, more reduction is
required for random variation.

These figures show that reducing the load demand
according to sensitivity factors is more effective
regarding the network performance. This means that the
signals indicating the required demand reduction to
customers have to take the sensitivity analysis into
account. Different reduction levels have to be defined
and sent to customers according to the sensitivity factor
of each load centre. This necessitates that the percentage
load reduction level at each load centre must be defined
online to solve the corresponding problem of violating
line constraints due to the increase of load demand. This
can be achieved by heuristic calculations, which are
based on the value of sensitivity factor of each load
centre.

D. Heuristic calculation

It is a trial and error method linked to the optimal
power flow procedures to reach the suitable value of
load reduction at every load centre. This step is
required when there are violations to power-flow limits
in some lines, where the limit is assumed to be 85% of
the max permissible power flow. The heuristic
calculations can be performed by the following steps
[11]:

1- Optimal power flow is performed for any loading
condition

The violated lines, which reach 85% of their
maximum power, are defined.

3- The sensitivity factors “SK ” are defined for all

buses

An initial reduction value is assumed based on the

experience and the history of the process

The assumed reduction value is distributed through

different buses according to their sensitivity factors.

The optimal power flow is performed under the new

loading conditions and the violation of constraints

is examined

The reduction level is modified according to the

results in step 6 as follows:

o |If there are lines that violate the constraints, the
reduction level is increased
o If there are no lines that violate the constraints,
the reduction level is decreased

8- The optimal power flow is performed under the new
loading conditions and the violation of constraints
is examined

9- Steps 7 and 8 are repeated until the critical
reduction value is reached

10-If the critical value is reached, the results are tuned
and the program is terminated.

2

4

5

6

7

Fig 5 shows the flowchart of the heuristic
procedures with optimal power flow.

IV. HEURISTIC CALCULATION RESULTS

Using heuristic calculations with optimal power
flow program and taking into consideration the
sensitivity factors, the best reduction at every load
centre can be determined. Table (2) shows the best
reduction for each load centre under different loading
conditions. These values are calculated to overcome the
increase in load demand, which can cause violation in
line constraints.

The required percentage reductions at load centres
decreases with the loading reduction. The required
reduction values are considerably higher at buses that
have more sensitive factors.
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Fig (5) Flowchart of heuristic procedures with optimal power
flow
Table (2): best reduction at different load centres
For 95% For 90% For 85%
loading loading loading

Bus % Bus % Bus %
number | red. | number | red. | number | red.
30 36.32] 30 34.53 30 12.97
29 40.00] 29 40.00 29 40.00
26 40.00] 26 40.00 26 29.88
24 40.00] 24 30.29 24 9.98
23 40.00] 23 40.00 23 25.83
21 2091 21 11.93 18 23.35
20 40.00] 20 40.00 20 32.63
19 31.85 19 17.86 21 4.07
18 40.00 18 40.00 19 7.44
17 25.84) 17 12.36 17 7.18
15 24.26 16 29.09 16 18.14
16 40.00 15 9.78 15 7.39
14 18.61 7 3.32 14 8.79
2 4.93 14 11.44 12 411
12 8.32 4 8.14 10 7.48
3 29.32 8 1.95 7 1.37

10 [11.85) 12 4.28 3 10.31
8 1.89 10 6.33 8 0.79
4 6.92 5 0.35 2 1.02
7 2.29 3 11.49 5 0.22

5 0.54 2 0.70 4 1.37

1,6,9, 1,6,9, 1,6,9,
11, 13, 0 11, 13, 0 11, 13, 0
22, 25, 22, 25, 22, 25,
27,28 27,28 27,28

V. LOAD SHEDDING

Load shedding can be considered as an emergency
action to avoid the problems of line violation and to
keep the system stable and secure [12]-[14]. Therefore,
it will be the alternative of the proposed DSM
technique. In other words, without DSM, the operator
will be forced to follow up the load shedding
methodology. Therefore, it is important to compare the
situation after applying the DSM and the load shedding
alternatives. The target is to study the possibility of
maintaining the electricity supply using DSM, while
the network is maintained operating within the
acceptable limits without the need to load shedding.

Table (3) shows the percentage loading after
demand reduction using DSM and using load shedding.
It is clear that the final loadings after load shedding are
always higher than those after demand reduction
considering DSM strategy. For 95% original loading,
Table (3) shows that the difference between percentage
demand reduction using DSM and using load shedding
is approximately 2.63%. This difference decreases to
about 1.34% for 85% original loading. Thus, the DSM
gives similar results to that of the load shedding
especially with the lower original loadings. However,
complete load shedding for some loads cannot be
accepted as a solution for the lines violation problem.
Hence, instead of complete load shedding, the demand
can be managed with continuous electricity supply but
the total demand reduction has to be slightly higher
than that of load shedding.

Table (3): Percentage loading after demand reduction using
DSM and using load shedding to maintain network limits

% loadin %
0 g difference
after % in the
Original | reducing the | loading required
loading demand | after load q
A : total
considering | shedding
(SF) demar_1d
reduction
95% 84.22% 86.85% 2.63
92% 83.9% 85.68% 1.78
90% 82.7% 84.57% 1.87
88% 81.36% 82.69% 1.33
85% 80.99% 82.33% 1.34

Table (3) also shows that the percentages loading,
which resulted after reducing the demand considering
SF, differs from one case to the other. This is attributed
to the variation of the power flowing in the lines under
each original loading. Thus, each case has different
weight factors (w.f ) for lines and different sensitivity
factors for buses. According to the sensitivity of the
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buses, the suitable percentage reductions are
determined to solve the problem of line violation.

Fig (6) and Fig (7) show the percentage power
flowing in the lines of the IEEE 30-bus network for

95% and 85% loadings using DSM and load shedding.
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Fig (6): the percentage power flowing in the lines of the IEEE
30-bus network for 95% loading
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Fig (7): the percentage power flowing in the lines of the IEEE
30-bus network for 85% loading

The use of load shedding causes higher loading
for most lines compared to the use of DSM technique.
For some loading conditions, e.g. 95% and 85%, the
number of lines that have a power exceeding 83% is
greater for the case of load shedding.

Figs (8) and (9) show the voltage profile for
original loadings of 95% and 85% respectively. After
load reduction using the two techniques, better voltage
profile is obtained for the same original loadings when
considering sensitivity factors. This ensures that the
problem of line-constraints violation can be solved
using DSM technique considering sensitivity factors
with acceptable bus voltages and continuous electricity
supply.
=+=Reducing considering (Sf) =s=Load shedding

A —A #- 1.06
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VAN
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Fig (8): Voltage profile for an original loading of 95%
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Fig (9): Voltage profile for an original loading of 85%
VI. CONCLUSION

In this paper, the effect of reducing the load
demand using demand-side management to solve the
problem of line-constraints violation has been
investigated. It has been proven that the demand
reduction can be more effective when sensitivity
factors of load buses are taken into account. This is
ensured through the observable improvement on the
voltage profile, efficiency of the network and reduction
of the power loss. The optimal reduction at each load
centres is determined based on a heuristic algorithm
taking the sensitivity factors into consideration. The
required reduction level can be sent to consumers
according to definite protocols based on their
sensitivity factors to solve the problem of line
constrains. The results ensured also that the proposed
DSM technique can be followed to avoid load shedding
without excessive load reduction.
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