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Abstract:

This paper investigates the impact of localised energy systems on low voltage UK generic distribution
network. Clusters of DGs and EVs were considered within three different Localised Energy Systems
defined as LES1 with predominantly commercial load, LES2 with predominantly residential load and
LES3 with a mixture of residential and commercial load. A load flow analysis was performed in a Neplan
software environment to evaluate the network voltage changes, maximum allowable capacity of DGs, EV
charging in each of the localised energy systems. The results show that in LES1 the customers could
install a maximum of 264kW DG generation capacity; in LES2 the customers could install a maximum of
316kW DG generation capacity and in LES3 the customers could install a maximum of 149.6kW DG
generation capacity to keep the network parameter within limits. In this way, the distribution network

becomes reliable, efficient and secured.

Keywords —Renewable energy, Distributed generation, Electric vehicles, Localised energy system,

Power losses, Voltage profile.
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I. INTRODUCTION

In the UK and Europe, localised energy system
(LES) is widely regarded as one of the promising
solutions to address the problem of lack of access to
reliable electricity [1], [2],[3]. Localised energy
system also known as decentralised generation is
energy generated at or near the point of use. LES is
defined as energy produced by generating plant of
under SOMW connected to a local distribution
network system, rather than to a high voltage
transmission  system [2]. Unlike centralised
generation, they are connected close to the point of
use which is responsible for losses reduction in the
network with decentralised generation.

Localised energy systems are a key focus in the
UK’s power system revolution and are considered
to facilitate greenhouse gas emission reduction

[5],[6]. Cheaper electricity could be provided to the
communities living close to this medium-sized
electricity generation system [7], [8]. Most
electricity distribution systems were designed for a
onelJway flow of electricity. The addition of LES
into the distribution system in increasing amounts
might change the dynamic behaviour of the
distribution systems by introducing new sources of
energy that intermittently change the amount and
direction of power flow in the grid [9] These
changes in grid behaviour create new challenges for
the utility in determining how to plan, design, and
operate delivery systems that were not designed for
the application of localised energy systems.
Traditionally, voltage on a feeder is higher at the
substation and will steadily decrease as electricity
moves further from the substation [10]. This is due
to the radial flow from the substation to the end
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usecustomer. With significant penetration of LES in
the distribution system, the power flow in the
distribution network may become reversed and
result in a rise in voltage from substation to the end
customers [9]. This power flow reversal depends on
the relative magnitudes of the real and reactive
network loads compared to the generator outputs.
Effective integration of LES in the distribution
networks requires effective planning with the aim
of reducing the adverse impact on the distribution
systems [9]. It is the obligation of the Distribution
Network Operator to supply its customers at a
voltage within specified limits. These specified
voltage values vary from country to country. In the
UK the electricity supply limit is +10% -6% of
230V [10]. The paper is organised as follows:
Section I discuss the concept of localised energy
system; Section II present the research methods and
the network models; Section III discuss the
simulation results, and conclusions are presented in
Section IV.

II. RESEARCH METHODS

The research method involves two processes
namely data collection (from journal and internet)
and system modelling. The system modelling
consists of distribution system model without and
with localised energy systems. A deterministic
steady-state analysis was performed in order to
assess a network’s ability to accommodate LES
technology. This is achieved by incrementally
adding DG and EV units to the network for a given
time period, i.e., maximum or minimum demand. In
order to perform this analysis, a model of a section
of UK LV distribution network was developed
using power system analysis software (NEPLAN).
Steady-state analyses were performed using
unbalanced load-flow calculations, with the
changes in voltage and thermal loading levels at
various parts of the network recorded. The load-
flow solutions were calculated using the Newton-
Raphson method [11].
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A. Power Flow Analysis

The nodal equations used to analyse network are
implemented using newton Raphson method. In the
formulation, the nonlinear equations are solved by
an iterative method. The power flow analysis
calculates the power flows, voltage magnitude and
phases for all nodes.

The current I; entering into bus i is given as

n n

li:ViZYij_ z}’ijvj j#i (1)
=0 =1

The real and reactive power at bus i is

P +jQi = Vil§

= @

Substituting for I; in (1) yields

n n
P —jQ .
l v - = ViZYij - ZYijVj j=%* 3)
! j=0 j=1

From the above relation, the resulting algebraic
non-linear equations must be solved by iterative
techniques [11], [12].

Equation (3) above can be rewritten in terms of the
bus admittance matrix as

n
L= ZYiJ'Vi
j=1

From equation (4), j includes bus i. expressing this
equation in polar form, we have

4

n

I = ZlYij| V| <8y +8; ©)
=1

The complex power at bus i is

P —jQi =V} (6)

Substituting from (5) for i in (6),
n
P —ijQi = Vi < —512|Yij| [Vi| < 65+ 8 (7)
j=1

Separating the real and imaginary parts,
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n

P= ) Vil [Vi[[Ys | cos(8y — 8+ 8)

=1

(8
)

n
j=

)
Q= Z|Vi| |V;|[Y| sin(6y — 8; + &)
1

Expanding (8) and (9) in Taylor’s series results in
set of linear equations. The element of the resulting
Jacobian matrix are the partial derivatives of (7)

and (8), evaluated at ASi(k) andA|Vi(k) |. It can be re-
written as

AP]_ J1 ]2]

AS
8 = s T4 A|V|] 10

AP and AQ represents the difference between
specified value and calculated value respectively.
AV andAJ represents magnitude voltage and voltage
angle respectively in an incremental form.

B. Flow Chart for the Newton Raphson Methods

The flowchart for power flow solution is presented

in Fig. 1.

Input system data

v

‘ Form system admittance matrix ‘

‘ Form conventional Jacobian matrix

‘ Modify jacobian matrix and ‘
mismatch power equation

‘ Update system busbar voltages ‘

Is the convergence achieved?

Output load flow information,
voltages, power flows and losses

Fig. 1. Flowchart for power flow solution using
Newton Raphson method [13],[14]
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C. Power Losses

The connection of DG in the distribution system
will change the structure of power flow from radial
to bidirectional [15], [16]. The integration of DG in
the distribution system will cause reduction in the
flow of current in the feeder which in turn reduces
power losses. The magnitude of line losses depends
upon the current flowing in the feeder and
resistance in the line. The increase or decrease in
losses is subject to the capacity of DG, its location,
the load size and the network structure [17]. The
real power loss in the network is given by Equation
11, also known as “exact loss formula” [18].

N

N
b= ; z[a"f(Pin +Q:Q;) + Bij(Q:P;

j=1

— P.P))] (19)

Tii
where (ll']' = #COS(SL' — 6]),
ivj

= U _ i (5, - 6))
By ViV B

and 1j; + jx;j = Z;; are the ijth element of [Zbus]
matrix

The effect of DG unit capacity can be studied by
calculating the penetration level of DG unit. It can
be mathematically represented as the function of
total complex power supplied by a DG source over
complex power peak load demand.Penetration level
of DG is given by

2 SDG
Z Peak

« 100% (17)

Ppe =

The line losses in the system are related to the
voltage profile [19].

D. Test System Descriptions

The test system shown in Fig 2 is the UK generic
network (UKGDN) model [20],[21].
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Fig 2 UK generic low voltage distribution network
[201,[21]

It consists of a 500 MVA three phase 33kV ideal
voltage source, connected to two 15MVA
transformers, and eight 11kV outgoing feeder’s
substation. Each feeder supplies 11/0.433kV
transformer  which  ultimately  feeds  the
LES[20],[21]. Fig 2 is a low voltage distribution
network that is used for this research.

E. Localised Energy Systems

Three different localised energy systems were
defined and modelled as LES1, LES2 and LES3
were defined and modelled for this study. The first
localised energy system, LESI, is a residential
distribution network with 384 homes with annual
consumption of 4000kWh [21] as shown in Fig3.
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Fig 3. Distribution low voltage network with LES2
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The second localised energy system, LES2, is a
commercial distribution network with sixteen
offices with a maximum and minimum loading of
19.275kVA and 5kVA as shown in Fig 4. The
average office has a power factor of approximately
0.85 [21].

120mmz Cu
¥PLE, 2x200m
-

| 300mm2cu
| ¥PLE,Zx 200m

Fig 4. UK generic distribution network with LES2 [21]

The third localised energy system, LES3, is a housing
estate, having 63 residential homes and 1 commercial
building and is based on a real Cardiff network.
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Fig 5. UK generic distribution network with LES3[21]
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As shown in Fig 5 the network consists of 15 nodes and
a 500kVA distribution transformer. The commercial
load in the network is represented by node 35.

IV. CASE STUDY

The case study analyse the impacts of localised
energy systems on the low voltage UK generic
distribution network with respect to the network
voltage profile, network losses, transformer loading,
maximum capacity (units) of DG that could be
connected to the distribution system without
violating the DNO permissible voltage limits of
+10%/-6% based on 230V [22]. It is assumed that
abasic unit of DG is 1.1kW for residential
customers and 5.5kVA for commercial customers
[20].

V. RESULTS AND DISCUSSION

A. Network Voltage Changes

The load flow analysis results for the three localised
energy systems are shown in Fig 6 and Fig 7.

112

aximu

12345 678 910111213141516 17 1819 20 21 2223 24
Time (h)

Fig 6. Voltage profile without distributed generation
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Fig 7. Voltage profile with Distributed generation
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The graph in Fig 7 represents the normal voltage
profile with distributed generation. The voltage
profile at zero DG reflects the normal working
voltage. The maximum voltage occurred in the
LES1 followed by LES3. The residential customers
consumed lesser load than other customers.
However, the voltage in LES1, LES2 and LES3 are
within permissible voltage limits of DNOs. The
statutory voltage limit for low voltage levels being
0.404kV  (0.94p.u.) and 0.473 kV (1.10p.u.)
respectively. When DG was connected to the
network, there is significant rise in voltage in all the
localised energy systems. This rise in voltage is due
to the DG power cancelling out some or all of the
residential and commercial loads, and some due to
excess generator real power flowing back through a
mainly resistive network to the distribution
transformer.

B. Power Losses

In this case, two simulations were conducted with
and without DG connected. Over the simulation
time, the maximum network losses occurred in
LES3 which is 20.36 kWh at 12:00. With DG
connected, the losses reduced to 15.31kWh at 12:00.
Without DG, from Figll, it was shown that the
total loss in the network was 935.1kWh. The losses
reduced to 706.2kWh with DG connected to the
distribution network. However, the lowest losses
occurred at LES2 as shown in Table 1. The value
reduced to 615.3kWh with 100% DG added to the
network. The total loss reduction is 113.9kWh
(15.61%).

Table 1. Network losses with and without distributed
generation

Power losses over the day (kWh)
LES1 LES2 LES3
Without | 884.9 729.0 935.1
DG
With 730.0 615.3 706.2

ISSN : 2581-7175

©IJSRED: All Rights are Reserved

Page 199



International Journal of Scientific Research and Engineering Development-— Volume 6 Issue 3, May-June 2023

(DG | | | |

C. Distribution Transformer Loading

The maximum power in MVA or the maximum
current in Amp (A) must be known for the
calculation of transformer loading. From Table 2, it
is shown that in LESI, the transformer loading
varies with time and increases as the customer’s
demand is increasedAs shown in Table 2, without
DG, the maximum transformer loading in LES1 is
103.1% but reduced to 75.05% with DG connected.

Table 2. Maximum transformer loading

Distribution Transformers

loading

LES1 LES2 LES3
Without 103.1 96.27 91.85
DG
With DG | 75.05 61.21 52.21

In LES2, the transformer’s loading reduced to
61.21% from 96.29% and in LES3 the transformer

loading reduced from 91.85% to 52.21% for the 24
hours simulation time.

D. Allowable DG capacity in the LES

As shown in Table2, each residential customer in
LES1 can install three units of DG at maximum
loading and one unit of DG at minimum loading.
Whereas in LES2, each commercial customers can
install four units of DG and during minimum
loading condition each customer can install one unit
of DG as shown in Fig8.

400

300 |

Z 200 1
100
0

LESI LES2 LES3
I maximum loading [ mini loadi
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Fig 8. Maximum DG capacity installed in each
LES

Also, the results show that in LES3, each of the
63 residential customers can install 3 units of DG at
maximum loading condition of the distribution
system while the commercial customer can install
3units of DG at the maximum loading condition.

However, at minimum loading, each residential
customer can install two units of DG and each
commercial customer can install 2 units of DG at
minimum loading.

E. Electric Vehicles (EVs) Charging within the LES

The basic unit of EV is considered to be 6.6kW
for residential customers [22] and for commercial
load a car park with 40 EVs is considered as 100%
penetration. The EV is considered in Grid to
Vehicle (G2V) mode [23]. The results show that a
total of forty-eight customers in LESI, eighty
customers in LES2 and thirty-two customers in
LES3 can charge their EVs without violating
permissible voltage limit.

Table 3: Total number of EVs that could be charged
Total number of EVs that could be charged
within LES

LES1 LES2 LES3

48 80 32

5.0 CONCLUSSION

The impact of localised energy systems on the
UK generic distribution systems have been
analysed and identified. The results show that the
third localised energy system (LES3) with
commercial load caused the greatest impact on the
network with respect to voltage changes and
network losses due to high electricity demand.
Therefore, large reinforcements will be necessary to
mitigate this adverse impact which are most costly.
Whereas, the first localised energy system (LES1)
has a relative low impact on the distribution
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network since majority of residential customers
consume very low electricity. Localised energy
systems are located very close to the loads, which
prevent a large amount of power flowing from the
substation to the loads leading to low network
losses. Also, at higher penetration of LES, the
generated excess power outside of the peak demand
will be fed back into the grid. If the excess power is
not consumed by other consumers during the peak
demand periods a voltage rise occurs. This voltage
rise may have adverse effects on consumer
appliances. In order to mitigate this problem
voltages control strategies such as, active power
curtailment, smart grid design and implementation
and reactive power compensation are employed.

Therefore, prior to LES integration, a
comprehensive study must be carried out to
determine the electricity consumption pattern of the
customers for safe network operation. The results of
the research on the UK network are relevant in
Nigeria and other developing countries in sub-
Sahara Africa where power consumers are located
mostly far away from the centralised generations.
DG used in this study is solar PV as such would
help to achieve CO2 emission target. As a result, in
the past decade many large-scale plants have been
commissioned. However, such plants are mostly
done without prior technical studies to find out
what impact such integration has on the national
grid. Thus, this paper is considered a reference for
engineers, grid operators, and investors to consider
when a grid impact study is required.
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