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ABSTRACT

Liberalised electricity industries around the world are experiencing increasing growth in
renewable energy generating plant that tends to be smaller, distributed, unconstrained and connected
to the lower voltage distribution network.  Recent technical advances in development and falling
costs of micro-generating units such as fuel cells, photovoltaics and domestic combined heat and
power, that can be located in domestic homes or in small business premises, have meant that a
considerable amount of the conventional electricity supply could be met by these new technologies.
Domestic generation offers the potential to cut CO2 emissions, reduce transmission and distribution
losses, flatten demand peaks, improve reliability of supply and to provide a cheaper energy solution
for the consumer.  However, with these benefits come many operational, technical and commercial
challenges for the Distribution Network Operator (DNO).

Domestic generation units will be connected to the DN in an unplanned, relatively
unrestricted, unconstrained manner and will be located at the very edges of the DN.  Where a large
number of these units are installed in a specific area, this could lead to adverse effects on the DN.  If
the high levels of domestic generation that are being predicted are to be met, it will become necessary
for DNOs to understand the impact on their systems all the way to the extreme edges.

In collaboration with a DNO, novel techniques are being developed to analyse the impact
of domestic generation.  This will determine the effects that a high level of domestic generation will
have on the network.  This paper explains these techniques.  It then analyses the expected level of
domestic generation penetration that a local DN can accommodate before it becomes detrimental to
the DN’s performance.  Finally it discusses methods by which domestic generation can best be
accommodated.

1. INTRODUCTION

Technology advances as well as political and environmental drivers have encouraged a trend
within the Electricity Industry (EI) away from conventional large centralised power plants towards a
system containing more distributed forms of generation.  The conventional centralised electricity
system typically has large, central power stations connected to the Transmission System (TS).  The
TS is actively managed using bi-directional power flow to bulk-transfer electricity around the country
from the power stations, to the main load centres where and when it is needed.  From here the electricity
is transferred to the local, lower voltage Distribution Network (DN) via a Bulk Supply Point (BSP).  The
lower voltage DN was originally designed to be passive and was not actively managed, with
unidirectional power flow from the BSP, through the DN, to the load customer  (Fig. 1).  With the advent
of greater levels of Distributed Generation (DG), this is now changing.
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 kWe Ratio (kWe : kWt) Total Efficiency Fuel Type 
ICE 1.5 – 5.5 1:2 – 1:3 80 – 90% NG/LPG/Oil 
ECE 1.0 – 3.0 1:3 – 1:8 90 - 95% NG/Oil 
Fuel Cells 1.0 – 5.0 1:1 – 1:3 ~ 80% NG 
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 S (MVA) % of 
MAX 

Scaling 
Factor 

p.f. P (MW) Q (MVAr) 

Max Reading 5.09 100% ~100% 0.987 5.02 0.83 
Min Reading 1.03 20% ~20% 0.929 0.95 0.38 

Average 2.50 49% ~50% 0.950 n/a n/a 
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11/0.4kV 
T-former 

Code 

Number of 
Domestic 

Connections 

1yr Max 
Recorded�

Load(kVA) 

Min 
20% 

(kVA) 

40% 
(kVA) 

Ave. 
50% 

(kVA) 

60% 
(kVA) 

80% 
(kVA) 

Max 
100% 
(kVA) 

A 0 6 1.2 2.4 3.0 3.6 4.8 6 
B 79 140 28.0 56.0 70.0 84.0 112.0 140 
C 184 160 32.0 64.0 80.0 96.0 128.0 160 
D 39 160 32.0 64.0 80.0 96.0 128.0 160 
E 144 280 56.0 112.0 140.0 168.0 224.0 280 
F 68 120 24.0 48.0 60.0 72.0 96.0 120 
G 68 152 30.4 60.8 76.0 91.2 121.6 152 
H 50 110 22.0 44.0 55.0 66.0 88.0 110 
I 96 180 36.0 72.0 90.0 108.0 144.0 180 
J 0 168 33.6 67.2 84.0 100.8 134.4 168 
K 32 84 16.8 33.6 42.0 50.4 67.2 84 
L 0 220 44.0 88.0 110.0 132.0 176.0 220 
M 141 170 34.0 68.0 85.0 102.0 136.0 170 
N 112 240 48.0 96.0 120.0 144.0 192.0 240 
O 10 50 10.0 20.0 25.0 30.0 40.0 50 

Total 1023 2240 448 896 1120 1344 1792 2240 
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Scenario Description 
 

Load 
% of max 

SSEG 
% Penetration 

A Max Load, Zero Generation 100% 0% 
B Min Load, Zero Generation 20% 0% 
C Min Load, Max Gen 20% 100% 
D 12:00noon (PV)/8:00am (dCHP) 50% 100% 
E Max Load 6:30pm 100% 100% 
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% of Max Load SSEG Unit 
capacity 20 50 100 
1kVA 50 N/E N/E 
2kVA 30 60 N/E 
3kVA 20 40 80 
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