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ABSTRACT 

An advanced losses modelling methodology based on 

power system analysis of network models has been 

developed and validated. This has enabled significantly 

improved quantification of technical losses compared to 

existing practice. Losses modelling traditionally used a 

‘top-down’ approach to quantify losses across voltage 

levels. This simplistic technique is prone to various 

sources of inaccuracy and is unable to capture the impact 

of embedded generation or loss interventions in detail. 

The proposed approach gives much more detailed 

information on the losses characteristics of networks, 

which better facilitates identification of high loss assets 

in increasingly complex networks. 

 

The modelling tool has been tested across a wide range 

of 132kV and 33kV distribution networks in SP Energy 

Networks licence areas including both interconnected, 

and radial HV networks with intermittent, embedded 

generation. This has highlighted the increasingly 

stochastic nature of loading and demonstrates increased 

network losses due to intermittent embedded generation.  

INTRODUCTION 

Technical losses are a physical consequence of running 
electrical networks and can be complex, time-varying, 
stochastic and thus difficult to quantify. They are 
sensitive to many factors outside distribution network 
operator (DNO) control with the largest influence being 
customer behaviour and corresponding power flows. 
 
Historically, power flows on distribution networks have 
been relatively predictable in their daily, seasonal and 
annual variation. However, network usage is changing 
due to a rapid growth in Distributed Generation, and 
customer behaviour is becoming more dynamic due to the 
adoption of Electric Vehicles, Heat Pumps, Energy 
Storage and increasing participation in Electricity Market 
services. This is leading to increased power flow 
complexity.   
 
Simple tools for quantifying the losses associated with 
power flows are no longer appropriate in this evolving 
power system. Advanced tools are required that can 
accurately model complex power flows and resultant 
losses.  
 

Existing Losses Modelling 

Traditional technical losses modelling uses a ‘top-down’ 
approach to quantify losses across voltage levels, utilising 
metering data to calculate losses as the difference 
between energy entering the system and energy leaving 
the system (Energy In - Energy Out). This simplistic 
technique is prone to various and significant inaccuracies. 
It is also unable to measure the impact of losses 
interventions in detail. With this simple approach, the 
network cannot be meaningfully disaggregated into 
subsections and a portfolio of assets cannot be ranked 
based on the losses incurred on each asset. Where losses 
interventions have required detailed studies, network 
analysis and modelling exercises were restricted to small-
scale models with a limited number of operating 
conditions, typically reflecting times of peak demand and 
used assumptions to scale peak losses to annual losses. 

Regulatory Context 

Electricity Licence Condition 49 [1] imposes on DNOs a 
requirement to ensure that Distribution Losses from its 
Distribution System are as low as reasonably practicable. 
In addition to this obligation, in May 2016, Ofgem 
introduced a Losses Discretionary Reward (LDR) “to 
encourage and incentivise DNOs to undertake additional 
actions (over and above meeting their losses licence 
obligation) to better understand and manage electrical 
losses”.  
 
The LDR is awarded over three financial periods, or 
tranches. SP Energy Networks (SPEN) program of work 
for Tranche 1 committed to conduct ten innovative 
initiatives to improve and share our understanding and 
management of losses. These initiatives cover a breadth 
of activities, including; examination of the application of 
smart meter data to reduce technical and non-technical 
losses, improving network modelling assessment tools, 
investigating voltage optimisation schemes and power 
factor assessments, reporting our revenue protection 
activities and improving distribution substation efficiency 
and metering. 
 
This paper presents the outputs of initiative 4 “Enhanced 
Modelling of Complex Networks” [2]. The initiative is 
based on development of improved tools for considering 
losses in the planning timeframe.  

  



 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n°  1722 

 
 

CIRED 2019  2/5 

Changing Network Loads 

Distributed Generation 
SPEN has two geographically separate licence areas; SP 
Manweb (SPM) in the Northwest of England and North 
Wales and SP Distribution (SPD) in the South of 
Scotland. In SPM in 2015/2016, 216 distributed 
generation schemes were connected or accepted, totalling 
2,791 MW of installed capacity. In SPD the number of 
schemes was 258 totalling 3,704 MW of installed 
capacity. Figure 1 illustrates the trends in embedded 
generation connections from 2012.  
  

 
Figure 1: Embedded distribution schemes connected 
or accepted in SP Energy Networks  
 
The impact of distributed generation on losses varies 
depending on the type of generation and network 
characteristics e.g. demand level, demand profile and 
topology at the point of connection. For example, Solar 
PV will vary seasonally in a relatively predictable way; 
however, wind generation can be very intermittent. 
Seasonal effects also influence the impact of embedded 
generation on losses experienced throughout the year. 
 
The effect of different generation connection topologies 
on losses is explored below. 
Radial connection: Where generation is connected 
directly to a Grid Supply Point (GSP), the connection will 
incur losses throughout the seasonal cycle. 
Connection to demand dominated distribution 
network: In a demand dominated network, distributed 
generation will generally reduce current, and therefore 
losses. The extent to which losses are reduced will 
depend on the generation characteristics e.g. capacity, 
intermittency and correlation with peak demand.  
Connection to generation dominated distribution 
network: Connection of generation to areas of the 
network with low demand and high existing generation 
may increase losses if generation is significant enough to 
have the effect of generally increasing current. 

 

Growth of Low Carbon Technology 
Customer load patterns are also undergoing a period of 
change with general energy efficiency reductions overlaid 
with increases in the electrification of heat and transport. 
Various technologies such as sophisticated energy 
management systems, embedded generation and energy 
storage at a range of scales mean that customers are able 

to interact more dynamically with the electricity network.  
Increasing sophistication and deployment of smart energy 
controls is enabling greater flexibility and control of these 
energy resources. This could, in future, provide a 
resource for losses optimisation. However, in the short-
term, rapid decentralisation of generation and 
electrification of heat and transport is likely to lead to 
increasing losses. 

Meshed Networks 

The SPM network has the legacy of being designed and 
operated as a 'meshed' network with interconnection at all 
voltage levels. Other DNOs in GB generally design and 
build their network as radial systems with the exception 
of the London interconnected network. It should be noted 
that greater interconnection has been identified as a key 
“smart” solution for managing future load increases.   
 
In meshed networks, power flows are complex and in any 
one part, depend on the flows in other parts of the 
network. Geographically separated transformers supply a 
wide group of network customers, so reliability, loading 
and losses characteristics are inextricably linked. 
Correspondingly, assessment of losses is more complex 
and design decisions must consider implications for the 
whole meshed network group.  

Existing Losses Assessment Tools in SPEN 

In SPEN, a top-down approach has historically been used 
to quantify losses across voltage levels. This is based on 
Losses = Energy In – Energy Out. Total ‘Energy In’ can 
be determined from metering at the transmission-
distribution interface (and voltage level interfaces if 
available) and total ‘Energy Out’ can be estimated based 
on customer energy consumption records. It is generally 
assumed that non-technical losses mainly occur in the LV 
network so losses at higher voltage levels are primarily 
technical losses.  
 
This is a simplistic technique that is not able to accurately 
calculate losses in a meshed network or with network 
reconfigurations and is not fit-for-purpose with 
increasingly dynamic, stochastic loads. It specifically 
does not allow for identification of, and intervention in, 
losses hotspots within the distribution network. The 
impact of embedded generation on network losses is also 
not able to be quantified.  
 
Whilst it is a simple and rapid approach requiring limited 
data that is generally available from network metering 
and supplier records, there are a number of key 
challenges including:  
Meter accuracy: Losses calculations are highly 
dependent on the accuracy of the meters. 
Disaggregation: Using this approach, it is not possible to 
identify specific areas/voltage levels of network with 
unduly high losses and thus proactively target or manage 
network losses. 
Meshed networks: It is not possible to determine the 
loss characteristics of a meshed network, unless the 
whole network is considered. 
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NEW LOSSES MODELLING TOOL 

A more advanced approach is required to accurately 
assess losses and to inform the business case of network 
interventions. A new approach can be encapsulated 
within a sophisticated losses modelling tool based on 
power system analysis of the network model which 
should address many of the shortcomings of the existing 
tools. The approach varies slightly across distribution 
voltage levels, to reflect the availability and sources of 
monitoring data. 
 
The losses modelling methodology and tool developed 
are based on a ‘bottom-up’ approach. This automates 
modern power systems analysis tools to assess the 
network in a more granular manner i.e. by individual 
asset. It applies half-hourly demands at all available 
locations in the network where these are known. Where 
half-hourly demands are not available, the tool can either 
use defined profiles, or disaggregate the supply in-feeds.  
 
Computation times for a years’ worth of data are circa 
30mins. Losses are calculated for the 132 kV & 33 kV 
networks separately from the 11 kV networks. This is to 
keep the modelling and computation time to a 
manageable level and reflects current modelling practice. 

132kV and 33kV  

A “brute force” approach can be applied at 132kV and 

33kV, in which the SCADA/metering records can be 

used to establish half hourly loadings across the network. 

Power flow modelling results can then be validated with 

import measured at the transmission interface. 

 
 

HV (11kV) 

On the HV network, monitoring is historically more 
limited with maximum demand indicators on HV/LV 
substations read every 6 months. Half hourly loading can 
be established through making some assumptions for load 
profiles based, for example, on the load profile measured 
at the primary substation or Elexon customer profiles.  
 
Half hourly energy measurements for HV connected 
customers are available and can be included within the 
model. Power flows can then be validated against 
primary substation transformer and feeder monitoring.  

 
In a meshed network, validation should be based on 
power flows for multiple primary substations. More 
detailed network monitoring is being rolled out in 
congested areas of the network. In due course, this could 
aid validation. 

 

LV 

The greatest uncertainty in losses is in the LV network 
where there is little to no network monitoring. This may 
change with the rollout of smart meters. LV networks 
account for the majority of network losses. LV network 
modelling is not included in the advanced modelling tool 
at this stage. SP Energy Networks are developing a 
separate platform to combine smart meter data with 
network data to study LV network capacity and losses. 

Validation 

A significant validation process was undertaken to 
compare the power flows of the modelled network in 
power system software IPSA+ with that of the measured 
flows available from SCADA. This validation is 
undertaken to ensure that the modelled network is as 
close to reality as possible.  
 
The potential data for validation is significant in size. To 
put it in perspective, the data for SPM is available from 
approximately 1000 locations with 17,568 half-hourly 
measurements for MW and MVAr values thus leading to 
35.1 million data points. This makes the validation 
process relatively laborious and automation is being 
explored.   
 
Validation has focussed on a visual check of the power 
flow results for all 12 months and a more detailed 
validation for January which is generally the month when 
peak or higher demand is recorded.  An example is 
shown below in Figure 2. 
 

Network 
Model 

 Develop the network model in a power system 
analysis software supporting load flow engine 
(IPSA+ used in this case) 

Define 
Substation 

Loads 

 Use the SCADA measurements at the 33/11 kV 
substations to define the net power exiting the 
33 kV network  ("brute force" method")  

Customer 
Loads 

 Include metering data from large customers 
and/or generators connected at the 132 kV and 
33 kV  to define these network loads 

Load Flow 
 Perform load flow to calculate the losses in the 
circuits and the transformers  

Validation 
Compare modelled power flow through GSP 
transformers to power flow measurements to 
validate model  

Network 
Model 

Develop the network model in a power system 
analysis software supporting load flow engine 
(IPSA+ in this case) 

Define Load 
Profile 

Use SCADA power flow measurements at the 
33/11 kV substations to set up the net injection 
to the 11 kV network and define load profile 

Represent 
11kV 

Customers 

Represent half-hourly metered flows for 11kV 
connected cusomters at the relevent network 
nodes  

Distribute 
Net Load 

Distribute the remaining net load proportionally 
among secondary substations based on their 
peak demand 

Load Flow 
 Perform load flow on time profile to calculate 
the network losses 

Validation 
Compare modelled power flow through primary 
transformers to power flow measurements to 
validate model  
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Figure 2: Detailed validation of the bottom-up 
modelled power flow (MW) versus actual flow at a 
GSP in SPM.  
 

Modelling Limitations 

The modelling tool includes modelling assumptions and 

limitations that should be considered: 

• The model only considers variable technical losses.  

Fixed losses must be accounted separately. 

• The network running arrangement is assumed to be 

static (temporary reconfigurations are not considered). 

• The resistance of assets remains constant i.e. the effect 

of increased operating temperature increasing the 

resistance of conductors has not been considered. 

• Constant transformer impedance is assumed i.e. the 

change in transformer winding impedance due to tap 

operation has not been considered. 

• Any inaccuracies in impedance parameters would 

introduce sources of error in calculated losses.  

• For HV network studies there may be uncertainty in 

maximum demand indicator (MDI) measurements, and 

these are not available for pole-mounted locations. 

• For HV network studies the effects of phase imbalance 

are not considered. 
 
It should also be noted that compared with traditional 
methods, the advanced losses modelling is considerably 
more complex and computationally intensive, with 
greater input data requirements including network 
connectivity details.  
 
Although complete coverage of 132kV and 33kV 
networks is realistic, full representation of all HV 
networks is unlikely to be practicable. At HV the tool 
provides a good basis for policy / investment decisions. 

RESULTS  

The Advanced Losses Modelling has been applied to all 
132kV and 33kV networks across SPM. In SPD a range 
of GSPs have been selected and studied in detail to 
provide representative coverage. This included a range of 
interconnected and radial 11kV networks. 
 
Despite initial hypotheses that deeply embedded 
generation would likely reduce losses, Figure 3 presents 
results from the losses modelling tool in SP Manweb 
which illustrates how collectively this generation may 
significantly increase network losses. Location, 

connection configuration and particularly usage profile of 
generation are key factors contributing to losses and this 
approach helps to characterise the losses much more 
accurately. 

SPM 132kV and 33kV Networks  

The SPM 132kV network has 15 GSP groups. The SPM 
33kV network has 35 substation groups each of which 
belongs to one of the 15 GSP groups. The SPM network 
is highly meshed and is modelled in its entirety in IPSA. 

SPD 33kV Network  

The SPD network has 87 Bulk Supply Points (BSPs) 
(132/33kV) in total. 5 representative BSPs were selected 
for detailed analysis. Their characteristics represent a mix 
of different load types and topologies (highly urban, 
urban, rural etc.). The analysis presented in the following 
sections provides an insight into the impact of load types 
and embedded generation on the losses in the circuit. 

Embedded Generation on Network Losses  

In a demand dominated meshed network group, the 
circuits directly out of the GSP substation are most 
heavily loaded and therefore might be expected to 
experience the highest losses. Losses then reduce to their 
lowest values around the null points in the group where 
the lowest current is flowing. However, the connection of 
embedded generation is changing this. Furthermore, as 
networks are reconfigured to accommodate additional 
demand/generation, these reconfigurations affect the 
flows throughout the group which in turn alter the losses. 
 
Generation has been found to significantly increase the 
overall losses in some cases. Rather than being relatively 
predictable, the power flows and hence the losses become 
more stochastic in nature. Traditional methods would 
expect losses to be reduced, but due to timing of 
generation, losses are seen to actually increase. Figure 3 
and Figure 4 present a sensitivity analysis of the losses in 
the network with respect to embedded generation. The 
losses calculated with generation connected to the 
network are found to be highly stochastic and greater 
than that the scenario without generation.   
 
The increase in losses in the interconnected SPM 
substation group is experienced throughout the year with 
the situation becoming more prevalent during typically 
high demand periods such as the winter months of 
November to January. There is substantial wind 
generation connected circa 70 MW and output is higher 
over winter months, potentially during low demand 
periods overnight. The location and connection 
configuration of generation are also important factors, it 
is likely not evenly distributed across the network and 
impact on losses may vary depending on proximity to 
demand loads and complex power flow paths on meshed 
networks. 
 
The radial network in SPD is a generation dominated 
33 kV network with 60+ MW of wind generation. The 
GSP supplied 60 MW of peak demand in 2015/16. The 
generation connects into a small number of radial feeders 
with relatively low levels of demand. It can be seen in 
Figure 4 that the generation significantly increased losses. 
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Whilst in general at these levels, generation can often net 
off demand and losses are reduced, the location and 
connection configuration of the generation are also key 
factors in the overall impact on power flow and losses. 
 
In both examples, losses from demand (import) and 
losses from generation (export) are incurred and can be 
distinguished using the modelling tool. Losses due to the 
generation could be considered to be “low carbon losses” 
as the generation in these networks is renewable.   
 

 
Figure 3: Modelled losses showing the effect of 
intermittent embedded generation increasing losses in 
a heavily interconnected substation group in SPM 
 

 
Figure 4: Modelled losses showing the effect of 

intermittent embedded generation increasing losses in 

a radial 33kV network in SPD 

USE CASES 

A number of use cases are presented below across 

network business functions where the Advanced Losses 

Modelling Tool could support improvement of the 

efficiency of network design and contribute to losses 

minimisation. 

 

• Reinforcement Scheme Design: Optimise capex versus 

losses opex during reinforcement scheme design. 

• Load Growth Management: Selection of appropriate 

solutions to manage load growth whilst considering 

losses impact. 

• Improved Customer Connections: Enables detailed 

consideration of losses in connection design. 

• Holistic Assessment: Enables holistic losses 

assessments when considering whole system planning 

with the Transmission Operator. 

• Operational Losses Optimisation: Optimise losses 

through amending set point targets on power flow 

controllers, voltage control devices, adjusting open points 

etc. 

CONCLUSIONS  

The development of an Advanced Losses Modelling Tool 

based on a bottom up approach has enabled significantly 

improved quantification of technical losses compared to 

existing practice. The modelling tool is able to accurately 

capture stochastic, complex power flows including 

embedded generation in the EHV and HV networks. 

Whilst there are some modelling limitations, this provides 

a strong basis for losses analysis and scheme design and 

is useful for policy and investment decisions.  

 

The modelling tool has been demonstrated and validated 

on all 132kV and 33kV networks in SPM. In SPD a 

subset of representative GSPs have been selected and 

studied in detail.  This has highlighted the increasingly 

stochastic nature of loading and demonstrates increased 

network losses due to intermittent embedded generation. 

 

A small sample of both interconnected, and radial 11kV 

networks have also been studied. 
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