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Abstract—The ability of a consumer friendly demand response
based voltage control (DR-VC) program to improve the voltage
regulation in a low voltage distribution network (LVDN) with
high penetration of DG is investigated. The use of active and
reactive power management to regulate the nodal voltage in a
distribution network with simple incremental reduction
algorithm, in conjunction with DR, is proposed as a solution for
over voltage and undervoltage issues in the LVDN. The algorithm
micromanages the load and generation in the network enabling
the operator to utilize grid resources economically and efficiently
while maintaining fairness between consumers with minimum
inconvenience. The algorithm is tested on a representative
74-load radial urban distribution network (Dublin, Ireland) using
consumer load and DG generation profiles. The system is
modelled and analysed using COM interface between OpenDSS
and MATLAB. The DR is modelled through a mixed integer
linear programming (MILP), implemented in CVX, such that
consumer inconvenience is prioritized. The DR-VC algorithm is
capable of regulating load and generation within normal
operation limits during undervoltage and overvoltage scenarios.

Index Terms--Demand Response, DG penetration, mixed integer
programming, voltage stability, voltage quality.

I. INTRODUCTION

The amalgamation of distributed energy resources and smart
loads into the distribution network has paved the way for new
control strategies to address different network management
issues at a granular level. An automatic and intelligent system,
which monitors and controls the installed devices, could
overcome the challenges faced by the low voltage distribution
network (LVDN) under increased penetration of distributed
generation (DG). The introduction of DG’s and other active
resources has made network voltage management a
complicated task for the distribution system operator. In a
radial distribution network, the lowest level of voltage occurs
at the far end of the feeder and the highest level occurs at the
transformer connection.

However, DG power injection implies that the lowest
voltage can occur elsewhere and the highest voltage can occur
at the point of DG connection [1][2]. Reverse power flow
manifested by high DG penetration injecting currents results in
voltage rise downstream [3] [4]. The rise in voltage depends on
the amount of current injection (which is a function of DG
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penetration) and the impedance of the circuit path where the
reverse current flows. However, it can also be observed from
[4], that the change in voltage at a particular node can shift the
overall voltage profile of all node’s in the radial feeder
network. This is further exasperated by other modern
residential loads like electric vehicles (EVs) and smart loads.

A. Voltage control methods

The European standard EN 50160 requires that, the voltage
magnitude variation in a LVDN should be less than 10% with
a mean 10 minutes of root mean square (RMS) value and the
rapid voltage changes should be less than 5% [5]. Further, the
supply voltage unbalance should be less than 2% for a mean of
10 minutes RMS. Maintaining these operation limits is the duty
of a distribution system operator (DSO). Traditionally DSO
maintains the voltage within the standard by regulating the
operation of on load tap changer (OLTC) transformers, line
voltage regulators, capacitor switch banks, line drop
compensators etc. [3]. However, these are generally expensive
resolutions.

Further, there are modern techniques proposed in literature,
where active and reactive power control techniques of a grid
tied inverter (GTI) connected DG are used to regulate the
voltage in a LVDN. A local and centralised control scheme
regulating the operation of PV - wind generator hybrid, EV and
battery storage to maintain the voltage at point of common
coupling (PCC) is proposed by [6]. The authors propose the
regulation of the active and reactive power in the generators
and battery storage to keep the voltage level within limits. A
similar approach is also proposed by [7], where droop control
is used to manage the active and reactive power of GTI to limit
the voltage in an LVDN.

In [8], a positive, negative and zero sequence based current
controller with reactive power compensation (filter capacitor)
is proposed to maintain the voltage at the connection point.
Techniques using the capabilities of a GTI are very cost
effective, but increase the computational burden for the
controller.  Further, methods involving the droop
characteristics of the GTI require manufacturers to assure a
consistent operational characteristic. Reactive power control
methods primarily depend on the (DG) GTI VAR rating and
upstream transformer loading.
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The active power curtailment method can be exploited at
both generator (limited again by VA rating) and consumer load
to manage the voltage violations. The German grid code as
mentioned in [9], advocates for DG based GTI to manage
LVDN voltage violations. Through single phase system
reactive power control, unbalances are also created which
could lead to neutral current at transformer neutral. Further, the
operation of a GTI with active and reactive power control can
create dynamic stability issues as discussed in [10][11].
However, this study does not consider the dynamic operation
of the system nor any stability issues manifested.

The use of a communication network based infrastructure
to regulate the output power could be simpler than many
calculation based methods (e.g. droop control). These depend
on the manufacturer descriptions of loads. Hence a DR based
method utilizing communication based method can be an
effective and economic solution for voltage control.

B. Demand response

Unlike the conventional structure where the consumers are
always considered as passive, the modern distribution network
operational architecture promotes consumer participation (and
reward) for maintaining stable operation of the network. One
such consumer participation to facilitate stable and economic
operation of the network is called demand response (DR).
Demand response, as one of the most promising (but
underutilized) technology for network operation and
management, alters the energy consumption pattern in
response to price of electricity or peak load. Fundamentally,
DR programs can be classified into two categories; incentive-
based and time based programs.

The majority of techniques proposed are incentive based
direct load control (DLC). Here, consumer loads are controlled
remotely to achieve a certain objective while consumer receive
incentive for the inconvenience caused.

The DR technology utilizes the consumer resources to
achieve a variety of objectives. These range from peak load
management, to solving reliability issues and many more
[12][13][14].

Further, numerous techniques are also applied to achieve
DR in literature. These include model predictive control [15],
heuristic optimization based [16], agent based modelling [17],
mixed integer programming [18] and machine learning based
demand response [19] etc. However, the methodology applied
to achieve the demand response is usually dependent on the
objective/application and is generally chosen by the
programmer (DSO/Aggregator). Moreover, selection is often
based on knowledge and intuition.

Here, a mixed integer linear programming (MILP) is
implemented using MOSEK solver in CVX toolbox in
MATLAB environment. However, even with numerous
proven technologies in literature, large scale implementation of
a DR program is seldom observed. One major reason for this
is considered to be consumer reluctance to such kind of load
management plans due to the inconvenience caused.

C. Consumers in DR

The study performed by the authors in [20] shows that the
participation of a consumer in DR will result in inconvenience,
which in turn affects their engagement. Further, the authors in
[21] indicate the importance of consumer awareness on the
success of a DR program and propose an engagement plan
based on thermostatic. The consumer behavior based model
presented in [22] again identifies the importance of consumer
satisfaction on the success of a DR program. The paper also
points out that the incentive based DR program has a relatively
higher influence on achieving better consumer engagement.
Indeed, “the industry is only at the beginning of learning to
understand their customers and figuring out what people want
to do”[23]. The requirements of people are so diverse and
depend on social and demographic parameters leading to
extreme difficulties in generalising an engagement plan/DR
program. The European Commission [24], points out that,
consumers should be given the right incentives to encourage
more active engagement and contribution to system
performance and stability. For instance, a survey conducted by
Opower [25], shows the consumers feel it is important for
suppliers to inform them about the critical periods and the
associated tariff.

D. Contribution

This study utilizes an incremental reduction/increase based
method in conjunction with DR to regulate the voltage profile
in a radial LVDN feeder. Subsequently, the proposed method
is tested on an urban distribution network.

The contribution of this study can be summarized as:

e The regulation of maximum and minimum voltage levels
in the LVDN with an incremental reduction/increase of
active power by curtailment/DR algorithm which
simultaneously manage the load and generation

e Minimisation of Consumer inconvenience by a distinct
DR application, that also takes care of grid stability and
economic operation

The remainder of the paper is sectionalized to realise the
above mentioned objectives. The next section details the
modelling of the voltage quality constraints and the consumer
friendly DR followed by results and discussion.

II. DEMAND RESPONSE - VOLTAGE CONTROL (DR-VC)

The main objective of this paper is to indicate the
applicability of a DR program to achieve necessary voltage
regulation in a LVDN. There are many examples where the
active power curtailment (load shedding) method has been
employed to control the voltage in the LVDN [26]. The similar
methodology is applied in a structured manner using the DR
program. As well as, the voltage regulation can also be
achieved by reactive power control. This section presents the
theoretical background for voltage regulation with active and
reactive power control. Thereafter, the paper will describe a
modelling approach for DR-VC algorithm utilizing the active
and reactive power management in a DG integrated LVDN.
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A complete flow chart of the presented approach is given
in Figure 1.

A. Voltage vs Active and Reactive power

A two bus distribution system with embedded DG is given
in Figure 1. Under normal condition the power flow from bus

1 with voltage ¥, to bus 2 with voltage V,though the

connected transmission line with ‘R’ and ‘X’ as resistance and
reactance respectively to feed the load connected at bus 2.
Initially when DG is not injecting any power, active and
reactive power flowing through the line connecting the bus 1
and 2 is given by P + j@, which is the same as the active and
reactive power demanded by the load P, + j@, (ignoring
transmission loss). The voltage drop at bus 2 is given by [26],

PR + QX
v (1)

Where, differentiating the above equation with respect to P and
Q respectively gives,

dav _ R

dp vy

Vl_VZZAV:

dav X dav _ X
TR A TR A @

It can be observed that, the change in the voltage with
respect to change in active power is proportional to the line
resistance and reactive power is proportional to the line
reactance. The dependency found between the reactive power
and voltage in a transmission and sub transmission level [27]
system is not found in the distribution system as LVDNs are
generally of very short distance with a highly resistant
component relative to the associated reactance when compared
to transmission systems. In addition, the maximum loading
capacity of the LVDN system is not bound by the voltage drop
as the low X/R values result in violations of thermal limits
much sooner than voltage violations as load increases.

P g Generation
Generation .
. curtailment
profile
_I l A vn>vmax ‘
.. | LVDN static N Voltage
gea Profile "1 load flow violation?
A 4L Vn<Vmin
Network DR
Parameters
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Plan
Figure 1: Flow Chart
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Figure 2: Two bus power system with integrated DG

With the DG connected and injecting power, the equation
(1) can be written as,

(PL—Ppg)R+(QL— )X
V,—V, =4V = L—PpG VZ*QL 9pG 3)

As mentioned before, the low value of ‘X/R’ makes the
variation of active power a dominant factor in calculating the
voltage drop. Now, when Pp is sufficiently large (reverse
power flow), the right side of the equation becomes negative
(assuming load is at unity power factor) showing that V, is
larger thanV/;. Thus, the high penetration of DG injecting high
amount of active power would cause voltage at the end of
feeder to rise. From equation (3), when Qp¢ and Q;, are kept
constant, voltage at node 2 can be regulated by varying either
P;, (demand response) or Pp; (active power curtailment). Even
though small, the reactive power variation in equation (3) also
has a correlation with the voltage variation at node 2. Hence,
controlling the reactive power at the node and in the network
can be utilized to regulate voltage up to a certain level
(depending on the economics involved). The reactive power
based voltage control is a very limited resource and is usually
restricted to grid tied inverted based DG’s GTI capability. This
study assumes that the maximum available reactive power is
up to 10% of the maximum rating of the plant in kVA.

The exact amount of active/reactive power change required
to regulate the voltage at a certain node can be calculated from
equation (3). Also, the literature [28] utilizes the computation
of a voltage sensitivity matrix to calculate the active/reactive
power required for necessary voltage regulation. However,
unlike many transmission and sub transmission systems, the
unbalanced nature of distribution networks may pose
difficulties in expressing and solving system equations to
compute a sensitivity matrix. Another well explored method
available in literature is utilizing droop control which can
provide the value of active/reactive power required based on the
droop characteristics of GTI of DG [7]. This method even, if
simple to utilize, depends on accurate representation of droop
characteristics of GTI manufactured by different
manufacturers. Further, it has to assume that the droop
characteristics do not change during the operation life time of
GTI. The presented study utilizes an incremental reduction
method to curtail the power injected by DG surrounding the
overvoltage node without heavily penalizing the nearest DG.

B. DR-VC Algorithm

In order to create a consumer-friendly DR program, a
consumer engagement plan is set up for the consumer to choose
the level of engagement/participation in the load management
program. The engagement plan utilized in this study is created
with consumer inconvenience as the contributing factor. The
engagement plan can also be utilized for devising the incentive
scheme which is not considered in this study. From socio
economic studies, a persistent motivation for DR engagement
occurs when there is a correlation between benefit and non-
tangible gains for consumers, like environment benefits.
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Keeping this in mind, four engagement plans are considered for
the presented study. The consumer participation is represented
by tolerance (o) and is used by the DR program to obtain the
desired load management, which in effect would help to
maintain voltage within limits.

1. Super Green Savvy (SGS) (0€[0.2-0.5)): consumers
motivated by the social and environmental benefits of
DR and are willing to tolerate high load reduction.

2. Green Savvy (GV) (0€[0.5-0.7)): consumers aware of
DR benefits but not willing to tolerate SGS level.

3.  Green Aware (GA) (0.€[0.7-1)): consumers willing to
test and participate but are skeptical concerning
sacrificing their comfort.

4. Reluctant (R) (0=1): consumers not willing to
participate in the DR program. They are not penalised
but also, they do not benefit.

Assume a feeder feeding ‘n” number of consumers in a
LVDN network at any given time ‘t’. The total load on the

network can be given by
ZP (¢)

where, P; is the power consumed by the j consumer. Since this
analysis is carried out at a steady state, time dependency is not
a concern. The analysis concerns a LVDN prioritizing
domestic households; the total load being a contribution of
their ‘m’ number of devices per house. Moreover, the domestic
loads are also categorised as controllable (C) and non-
controllable (NC), where the former participates in the DR.
Now the total load is given by,

P - Z(ZAU( PN 4 pC )] 1e(0))  ©

A€ (0,1)
The demand status vector (Al.j Ajj) is a time dependent

“

Total

demand status of i device of j'" consumer. The presented study
assumes that ‘A’ is available ahead of time which is also a
critical component for the success of any DR program. For GTI
based DGs, such as solar photovoltaic, the total demand of the
network can be described by
DG
)

piC
Total Z([ZAU( +P ))_
(6)
PPSthe active power injected by the DG.

j=1

Ae(0,1)
where, PjDG

Currently we are not interested in the load reactive power
demand as it is not considered as the controllable parameter (in

Q)
injected/absorbed by the GTI based DG can be regulated as per
[29][9]. This study considers the power factor lower limit to

0.9 (leading/lagging), which means, the maximum amount of
reactive power absorbed/injected is given by,

this study). However, the reactive power (Q?G

1
- _pP¢ , _1,where cos@_. =0.9
Qmax (0052 9) min (7)

C. Undervoltage

When an undervoltage is observed at any node, the primary
assumption is that the network is heavily loaded and highly
inductive. The initial response to bring the voltage back to the
nominal lower limit without reducing active power is by

changing the reactive power (Q, ..

) injection. If the under-
voltage is not cleared by this adjustment, the DR is initiated,
and load curtailment scheduled. The required amount of load
reduction is set to 5 % of total load and individual load
reduction for each consumer based on their engagement plan is
generated by using mixed integer linear programming (MILP).
The MILP is implemented using CVX toolbox with Gurobi
Solver in the MATLAB environment. The objective function

for the DR is given by,

n
minimize (Z (ajAPj )j
j=1
The objective function minimization ensures that the total
inconvenience caused to the consumers will be minimal and
the load reduction is distributed according to the engagement
plan. This objective is constrained by,

®)

AP<0.5F,,, )
0<e, <1 (10)
AP<) AP an

Jj=1

Maximum reduction of a single consumer is also restricted to
50% which ensures that the consumer with very low
inconvenience would not have to suffer total blackout of non-
critical load. Also, a fairness component is added to the
algorithm which increment/decrement the tolerance value of a
consumer for next interval based on the amount load reduction
contributed and the amount of time it was reduced for.

new ___ old
a;" =a;" tGAP +G,AT,

OSajsl

where,

(12)

G,and G, can be tuned based on the system and the required

flexibility in the system. Individual consumer reduction
requests are sent to the consumer local controller to operate the
device(s) necessary for the requested reduction.

D. Overvoltage

Overvoltage is generally associated with higher DG power
injection at light load conditions, which cause a reverse power
flow. With the reverse power flow, from [7] it can be observed
that the voltage rise is highest at the end of the feeder. Now as
an initial measure the operation of DG can be set at 0.9 leading
power factor and absorb the reactive power (equation (7)).
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Figure 3: Urban Distribution Network model incorporating the domestic load/PV profiles [7]
If the voltage rise persists, the active power curtailment method M. RESULTS AND DISCUSSION

is applied, where active power injections of DG connected to
the overvoltage nodes are reduced to reduce the voltage.
However, this introduces a dilemma as the overvoltage at the
end of the feeder has contributions from all the consumers
connected to the feeder. The presented study proposes an
incremental curtailment technique to curtail the active power
generation by DG’s connected to the feeder. The proposed
methodology introduces a relative fairness to the DG
curtailment compared to many active power curtailment
regulations. A flow chart of the proposed methodology is
presented in the Figure 3. The iterative loop successively
reduces the DG output by 5% and checks the over voltage (as
given in equation 13 and 14). If overvoltage persists, each
iteration increases the DG curtailment by 5%. This
incrementally reduces the active power injection until the
voltage reaches the regulated limit.

AP =0.05P" xC, Vie{0,1,2,..., p} (13)

PiDG — PiDG _AEDG (14)

sth

where EDG is the power injected by the DG connected at i

node and ‘p’ is the total number of PVDG in the feeder. The
incremental reduction of DG active power to decrease voltage
violation ensures a minimum amount of reduction would be
imposed every time. Incremental reduction is achieved by
iterating the value of C, which takes integer values. As
equation (3) suggests, voltage on node 2 decreases as
generation at node 2 decreases. The algorithm (DR-VC) allows
the operator to manage the voltage violation issue in the
LVDN.

The analysis was performed on a residential distribution
network (shown in Figure 2) with 9 (three-phase) pillars
supplying 74 single-phase domestic customers through a
20kV/400V supply. A detailed description on modelling of the
presented distribution network is given in [30]. The model, a
radial feeder supplying 74 domestic customers, was
implemented in OpenDSS simulation platform [31]. A
randomly distributed set of single phase PVDG’s are
considered in the network connected to different consumers.
The number of PVDG’s installed has been varied to vary the
penetration level in the network.

The level of voltage profile has been dependent on the
amount of PVDG penetration, and hence, the presented study
has adopted limits of hosting capacity suggested by the authors
in [7]. For simplicity the stochasticity associated with
consumers load consumption pattern is ignored, and all
consumers are modelled to have the same generalised daily load
curve. The maximum loading of the LVDN is restricted by the
thermal limit or the current carrying capacity. This network has
the maximum current carrying capacity limited by the first
section (line AB) and is 478A (185 mm2 XLPE). This in turn
limits the operating limit of the transformer to 210kVA even
though it is actually rated at S00kVA (3 winding, 20kV/440V)
capacity, but for certain cases the system has been loaded to
60% of the rating of transformer to observe the possible worst
voltage violations.

The power output profile is also kept the same for all
connected PVDG’s with maximum allowed individual peak
power rating of 5.75 kVA. The generalized consumer load
consumption curve and PV power output curve are shown in
Figure 4.
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The generalized load curve was generated using an average
model utilizing load consumption of 300 consumers recorded
during a survey. The PV profile (scaled) was obtained from a
measured data for a day in August 2010 for a 1.7 kW Saynno
PV panel setup.

The simulation is performed for every 10 minute period, or.
144 simulation intervals per day. A DR program requires a
predicted consumer demand, and hence, this study assumes that
the consumer demand and the PVDG generation profiles are
available ahead of time. This further enhances the application
of the proposed DR-VC algorithm as the future condition of
LVDN voltage profile is available to the operator to readjust
anything if required. The distribution transformer (DT) is
considered without on-load tap changer (OLTC) and is assumed
to be operating at fixed voltage setting of 1.0 per unit (p.u).
Generally, the regulation suggests a tolerance of +£10% for
LVDN voltage level, and hence, the upper limit is 1.1 p.u and
lower limit is set to 0.9 p.u (light bounding). A scenario was
also analysed to regulate the voltage profile between 1.05—0.95
p.u as well to ascertain the capability of the algorithm to operate
in tightly bounded conditions. Also, the 100% loading from
hereon is just more than 60% of rating of DT.

As suggested in [7], this study use 32 PVDG’s randomly
distributed throughout the LVDN with maximum rating of
5.75kVA each and constituting a maximum generation of
184KVA in total. Different scenarios were simulated with a
range of loading and generation levels as presented in Table I.
The LVDN is subjected to different levels of loading and DG
penetration and the voltage of each phase at pillars 1 and 9 are
noted. Pillar 1 being closest to the DT has minimum voltage
drop/rise whereas pillar 9 has the highest variation in voltage
magnitude. It can be noted that, with increase in loading, the
voltage drops progressively increases/decreases with a constant
trend. With PVDG generation operating at different levels, the
voltage magnitude at pillar 9 varies cognizant of the amount of
generation capacity (Table I). An interesting observation from
Table I is that, higher penetration of PVDG at high loading can
compensate for the voltage drop at the pillar 9. Correlating with
equation (3), the reduction of the active power component has
a higher impact on voltage regulation. However, with light load,
the voltage rise at the lower end of LVDN can increase and
violate the upper voltage boundary.

6 Load And PYDG profiles for a day
T T T T
PVDG Ouiput

— Power Demand
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Figure 4. Load and PVDG profile of a day

TABLE I: VOLTAGES AT 1ST AND LAST PILLAR AT DIFFERENT LOADING

LEVELS

G X Voltage at Voltage at

g 2 el pillar 1 (p.u) pillar 9 (p.u)

A 5 2 Phase Phase

= 3 A B C A B C
0 100 0.95 0.95 0.95 0.86 0.84 0.84
20 100 0.97 0.96 0.96 0.90 0.86 0.86
35 100 0.97 0.96 0.97 0.92 0.88 0.87
50 90 0.99 0.98 0.98 0.96 0.92 0.90
50 50 1.0 1.0 1.0 1.02 1.0 0.97
70 45 1.01 1.01 1.0 1.05 1.01 0.98
70 25 1.03 1.02 1.01 1.08 1.05 1.0
100 20 1.05 1.04 1.02 1.11 1.07 1.03
100 0 1.05 1.05 1.03 1.19 1.12 1.06

Hence, managing the penetration level of DGs in the LVDN
allows the operator to manage the loading of the system
directly. If in complement with DR, the program can induce
significantly less inconvenience for the network consumers.

Looking at the PVDG active power curtailment, with a
100% PVDG and 0% loading scenario (Table I), the active
power injection of PVDG can be decreased (incrementally) to
meet the upper boundary of voltage levels. As shown in Figure
5, the DG output power in the network is curtailed to maintain
the voltage within limits. The consumer DGs are still able to
generate at least at 50% capacity to maintain the voltage at
consumer nodes. The amount of active power curtailed is also
significantly less. For tight bounding (0.95<V; < 1.05), the
amount of curtailed generation increases, and generation is
significantly restricted. Figure 6 and Figure 7 illustrate the
voltage profile at pillar 9 for phase A and C across a single day
for a range of scenarios. Phase B is not shown here as it is
similar to phase C. The voltage regulation achieved during high
DG penetration and high loading is also represented while
utilizing the proposed algorithm.

Table I illustrates DG curtailment initiation on the 100%
DG penetration scenario. Demand response is applied at low
DG penetration levels as the lower boundary voltage violation
occurs at high load and low DG levels.

PVDG generation profile before and after curtailment (at 0% loading)
T i B S E e B B — T

—Curtailed generation
~ Available generation
[+ Curtailed generation

09<Vi<l.l

Curtailed Generation
0.95 < Vi<1.05

Generated Power in kW
w
T

I I
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hours of the Day

Figure 5. PVDG generation and curtailment with light and tight
bounding for consumers at pillar 9
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12 Voltage at Node 9 with different scenarios and DR-VC (phase A)
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Figure 6. Voltage at node 9 (Phase A) under different scenarios
Voltage at Node 9 with different scenarios and DR-VC (Phase C)
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Figure 7. Voltage at node 9 (Phase C) under different scenarios
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Figure 8. Demand and DR allowed load for consumer with super green
savvy engagement plan and their corresponding tolerance change

The MILP-DR applied to reduce the load during under
voltage scenario utilizes the consumer engagement plans to
decide the amount of consumer participation and engagement.
The fairness algorithm, by increasing/decreasing the tolerance
value, ensures the avoidance of consumer overburdening. The
DR essentially drives an active power curtailment method in the
LVDN to minimize the overall load on the network.

The use of an engagement plan based DR enhances the
consumer acceptance of the DR program. There are four
different engagement plans assigned arbitrarily across the 74
consumers.

Figure 8 shows load reduction and the associated tolerance
value change for a consumer engaged in the super green savvy
engagement plan. It exemplifies the capability of the proposed
algorithm to regulate the participation of consumers. The
corresponding voltage profiles of each phase at pillar 9 is given
in Figure 6 to Figure 7 for 100% loading and 20% DG.

IV. CONCLUSION

In this paper a coordinated DR based incremental
curtailment method is applied to regulate the voltage profile in
LVDN. The voltage profile of LVDN is analysed at different
levels of loading and PVDG penetration on a 74 house radial
urban distribution network. With increased loading, the
network voltage levels are lowered with distance from the DT,
but with DG active power injection the voltage profile is
regulated much better. Yet again, with low loading the high
active power injection of DG causes the voltage profile to
breach the upper boundary tolerance. The proposed algorithm
is tested with different scenarios of voltage violation and has
showcased its capability to manage the voltage levels through
active power management. With overvoltage, DG incremental
active power curtailment method ensures that the burden of
reducing the nodal voltage is not left solely to the DG/consumer
connected to the node experiencing overvoltage. When under
voltage is prevalent, a MILP DR is employed, which reduces
the consumer load based on the engagement plan chosen by the
consumer. The engagement plan uses a tolerance value to
represent the level of inconvenience a consumer has to tolerate,
while participating in a DR program. In short, if implemented
in a complementary way, the consumer friendly DR-VC
algorithm can regulate the LVDN operating voltage levels by
micromanaging the consumer resources (Load and generation).
The approach opens up economies to both consumers and DSO.
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