
 23rd International Conference on Electricity Distribution Lyon, 15-18 June 2015 
 

Paper 1117 

 
 

CIRED 2015  1/5 

PLANNING NETWORK INVESTMENT IN A SMART LOW CARBON WORLD 
 

 

 Mark SPRAWSON  Dave A ROBERTS                           David CLEMENTS 

 EA Technology – UK                            EA Technology – UK EA Technology – UK 

Mark.Sprawson@eatechnology.com     DaveA.Roberts@eatechnology.com  David.Clements@eatechnology.com 

 

  Manuel CASTRO 

  EA Technology – UK 

  Manuel.Castro@eatechnology.com  

 

 

ABSTRACT 

The low carbon energy agenda coupled with 

technological advances and lower costs is increasing 

consumer popularity of low carbon technologies (LCTs) 

such as electric vehicles, electrification of space heating 

with heat pumps and domestically installed solar 

photovoltaics.  Scale adoption of such technologies 

creates opportunity for disruption in the way that existing 

energy distribution networks are planned, built and 

operated.  Adoption of these technologies is likely to be 

both consumer and policy led, potentially leading to non-

homogeneous, clustering effects, further complicating 

network related issues. 

 

Potential Distribution Network Operator (DNO) 

responses may range from the traditional ‘copper and 

iron’ approach of increasing network capacity, to 

existing to emerging “smart” solutions such as demand 

side response (DSR), dynamic rating, energy storage and 

active voltage management. The challenge for DNOs is in 

navigating a future network development pathway where 

there is a great deal of uncertainty in how technology and 

customer behaviour will affect both energy demand and 

the effectiveness of smart solutions. 

 

In this paper we discuss a new techno-economic 

modelling tool (the Transform Model®) developed to 

support the Great Britain electricity industry to firstly 

understand the network impact of changing electricity 

usage driven by the low carbon agenda, and secondly, to 

model the impact of a range of intervention strategies 

both traditional and smart to address this changing 

demand.  The tool is scenario-based, meaning that it can 

consider a range of potential uptake levels of LCTs, and 

uses a cost benefit analysis method to resolve network 

constraints (thermal, voltage and fault level) arising from 

the connection of these LCTs. Using the modelling tool it 

is possible to develop optimised investment programs that 

indicate the type and timing of various intervention 

options such as DSR, electrical energy storage and 

capacity upgrades. 

 

This tool has been used by DNOs as part of the 

development of their business plans for the next price 

control period (RIIO-ED1). The GB regulator (Ofgem) 

has also used the tool to assess the business plans and to 

help determine the level of revenue that should be 

allowed for the DNOs to cater for these new demands on 

the network (posed by various LCTs). This has shown the 

need to invest approximately £500m in distribution 

networks in Great Britain over the period 2015-2023 to 

meet the LCT-related demand. 

 

We conclude by presenting results demonstrating the 

levels of investment required during the next, and indeed 

successive, regulatory price control periods to meet the 

varying potential uptakes of different LCTs. We discuss 

the need for DNOs to be able to flex between these 

scenarios and also briefly discuss the way in which the 

model is now being used in different countries, by being 

modified to represent the specific network parameters 

and demand profiles seen in those countries. 

INTRODUCTION 

Internationally, the climate change and low carbon 
agenda is driving significant change in the way that 
electricity is produced and utilised.  Change occurring 
internationally includes the adoption of significant 
quantities of intermittent renewable distributed 
generation, substitution of fossil fuel heating for electrical 
heat pumps, substantial improvements in energy 
efficiency, and increasing electrification of transport 
through electric vehicles. 
 
Due to the nature of change driven by the low carbon 
agenda, a ‘business as usual’ (BAU) approach to network 
planning and demand side management would be likely 
to produce higher peak demand than is currently the case, 
requiring substantial investment in network capacity.  For 
example, intermittent solar PV generation would peak 
during daylight hours, yet be unavailable in early 
evening, times at which household load typically 
increases.  If unconstrained, electric vehicle charging 
demand would also likely peak in the early evening as 
vehicles return to the home from daily commuting.  Such 
an increase in peak use potentially coupled with more 
efficient use of energy generally could result in lower 
asset utilisation factors, reducing the economic efficiency 
of existing networks. 
 
In Great Britain, these changes are occurring rapidly, 
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driven by legally binding CO2 reduction targets.  The 
need to respond to these targets has resulted in a range of 
policy initiatives that have accelerated the adoption of 
low carbon technologies, creating an imperative for 
distribution network operators and the regulator Ofgem to 
respond.  As these uptake rates are primarily customer-
led, it is possible that in future they could be slow and 
steady, but they could also occur at a pace significantly 
greater than the planning timescales for distribution 
networks. 
 
Many potential solutions are however available to 
address these challenges.  Solutions range from the 
traditional approach of sizing network capacity to meet 
unconstrained demand, to smarter approaches such as 
sophisticated customer led demand side response 
schemes, distributed energy storage, real time thermal 
rating of equipment and sophisticated network control 
schemes to name a few.  The challenge for network 
planners and designers is in firstly interpreting future 
drivers and changing trends, and from these forecasting 
future requirements and navigating a path that meets 
customer requirements in the most cost effective manner. 
 
To assist with this challenge EA Technology has in 
collaboration with the Great Britain (GB) electricity 
industry developed a comprehensive model for evaluating 
the impacts and cost benefits of network initiatives and 
interventions associated with the low carbon agenda. [1] 
Using this model the GB industry has developed smart 
grid deployment strategies tailored for local network and 
business conditions.  This model has also been adopted 
and used by the regulator Ofgem as a means of ensuring 
that proposed investments are a prudent and efficient 
response to the challenges at hand. 
 

TRANSFORM MODEL 

For many decades, the role of electricity networks has 
been easy to define as a means to transmit electrical 
energy from generators (the source) to where the power is 
consumed (the sink).  This flow has followed a simple, 
one-way process from large generation plant, to 
transmission networks, then distributed to customers via 
largely passive networks. The performance and 
investment needs of the distribution network under this 
regime are relatively predictable. 
 
However, in Great Britain (GB) there is a strong driver to 
de-carbonise, meaning that new generation sources (such 
as solar photovoltaics, onshore wind and biomass plants), 
and new demands (such as heat pumps and electric 
vehicles) will appear in new places on the network.  The 
effect will be to change the, once static and predicable, 
power flows. The speed, location and extent, to which 
this change occurs, will significantly influence the shape 
and operation of the power system, with a consequential 
uncertainty around the scale of investment. 
  
In such multi-dimensional problems, scenarios are 
helpful in identifying plausible combinations of 
generation sources and load demands. [2] The Transform 
Model has been constructed to work on a scenario basis 

such that different uptakes of these technologies can be 
modelled to determine the effect that these various 
trajectories have on the scale of investment required.  
Figure 1 shows the range of low carbon technology 
uptake scenarios modelled for GB illustrating the 
potential implementation scale. 

 
 
Figure 1. Sample low carbon technology uptake 
scenarios for heat pumps and solar PV generation 
 
It is also true to say that networks across the country are 
not uniform; variances may be seen in city centre 
networks as against those of small towns or more rural 
settings. The Transform Model examines what the 
networks of the future will need to look like to 
accommodate the anticipated growth in distributed 
generation and low carbon technologies (LCTs) such as 
electric vehicles. 
  
In order to perform such a modelling task, it may be 
thought necessary to use conventional power flow 
analysis via nodal models within a systems analysis 
software package. However, to examine the network 
across an entire country is much too complex to be 
approached in this way. As an example there are just 
short of 1 million low voltage feeders in Great Britain 
and to attempt to model each of these individually would 
be impractical.   
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Figure 2: Overview of the Transform Model 
 
Instead, a parametric approach is adopted. This is based 
on the idea that while networks are not uniform across the 
country, it is possible to classify feeders into similar 
network types.  For example, a feeder supplying a town 
centre in one part of the country is likely to be similar to 
a feeder supplying a different town centre in another part 
of the country in terms of the number of properties it 
feeds, the length of the circuit, the size of the cable 
installed etc.  Likewise, a circuit that feeds a rural area 
consisting of farms is likely to be similar in the north of 
the country to the south.  Therefore a number of standard 
feeder types were defined, with each feeder type having 
variability within it to account for the fact that some will 
be more highly loaded than others and some will have a 
different propensity for the likely connection of LCTs. 
 
By adopting this parameter-based approach it has been 
possible to allocate all feeders to one of a number of 
classes. It is then possible to determine how many types 
of each feeder there are so as to build up a representative 
picture of the entire electricity distribution network in the 
country.  
 
Having established the likely uptake rates of LCTs and 
the network composition, by overlaying one on the other, 
the growth in demand on each feeder type over time can 
be observed.  Therefore, the time at which the load 
exceeds the rating of the feeder can be established. When 
this happens, it is necessary to ‘intervene’ in some way.  
 
The Transform Model has a library of potential solutions 
contained within it that can be deployed to address 
constraints.  Each has a number of parameters associated 
with it including a capital cost, an ongoing operational 
cost and a level of benefit that is realised in terms of 
capacity release. 

 
These solutions include both ‘conventional’ approaches, 
such as new transformers or cables, and ‘smart’ 
approaches, such as energy storage schemes, demand 
response and dynamic asset rating to name a few.  In total 
there are currently around 80 solutions that can be 
deployed. The model selects the most cost-effective 
solution to be implemented on the network to solve any 
issues that have arisen relating to thermal overloads, 
voltage problems or fault level issues. 
 
By doing this every year for every circuit type and 
calculating the total investment required per year, an 
investment profile for the coming years or decades can be 
constructed which illustrates in detail the level of 
expenditure required to meet the demands of increased 
LCTs, the types and volume of solutions that need to be 
deployed and the types of network where the investment 
will be required (city centre, suburban areas, villages, 
retail parks etc). 
 
When used by a DNO, this clearly informs the business 
and smart grid development strategy.  It can be used in 
business plan forecasts to illustrate the necessary 
expenditure levels on networks.  The tool can also be 
used at a country-wide level to help shape policy.  By 
examining the likely costs associated with reinforcement 
due to increased uptake of, say, electric vehicles, 
government can take informed views of the costs and 
benefits of incentivising the purchase of electric vehicles, 
as against incentivising the use of additional renewable 
generation, say, to achieve carbon reduction targets. 
results 
 
The model has been used extensively in Great Britain at 
both local (distribution network licence area) level and 
also at a national level. 
 
At a national level it has helped inform the Regulator and  
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Figure 3: LCT related investment to 2060 
 
Government of the benefits of adopting a smart strategy 
to network development. [3] The outputs from the model 
have indicated that over the period to 2060, adopting 
smart solutions in combination with traditional network 
reinforcement gives a saving of approximately £10billion 
(in present value terms) compared with a non-smart 
business as usual approach. This is a saving in terms of 
the amount that needs to be invested in the distribution 
network, which, by extension, becomes a saving for 
consumers. 
 
At a more local level, each of the British DNOs has used 
the Transform Model as part of their business plan 
submission for the next regulatory period (2015 - 2023). 
[4] This has provided them with a common language and 
framework to discuss with the Regulator the need to 
invest in each network to meet the challenges of changing 
customer behaviours with respect to new technologies.  
The Regulator is supportive of the model, meaning that 
the expenditure requirements forecast from it can be used 
as robust evidence for investment needs. [5] 
 
In total, the British DNOs have requested approximately 
£0.5billion of expenditure to develop their networks to 
manage the growth of LCTs as a direct result of the 
outputs of their versions of the Transform Model. If a 
conventional approach had been adopted, over £700 
million would have been necessary to mitigate the effects 
of the anticipated LCT demands. Hence by using the 
Transform Model approach, a saving of over £200 
million over the next price control period has been 
achieved. 
 
Figure 3 shows comparisons of the implementation cost 
of three intervention strategies for four scenarios, 
illustrating the potential differences from the BAU 
approach of continuing with current policies. The ‘Smart 
Incremental’ strategy is shown to be the most cost-
effective. This involves adopting an approach of 
investing in the network when required, using the optimal 
blend of smart and conventional interventions. 

 
 
 
Furthermore, the Transform Model can be used to 
identify likely investment levels over coming regulatory 
periods. As the model is continually updated with new 
information taken from results of trials of new 
technologies on distribution networks and revised 
forecasts for LCT uptake, this can be revisited by the 
DNOs to ensure their adopted strategy is fit for purpose 
to cater for the investment required. 
 
Figure 4 illustrates the likely investment over the next 
four regulatory periods, assuming the level of load-
related and none load-related expenditure remains 
constant. This indicates the level of uncertainty 
surrounding LCT-related investment, as demonstrated by 
the stacked bar showing the likely high and low levels of 
investment needed.  
 
This analysis is also useful in helping DNOs determine 
the investment in skills that they require. For example, 
during the 2015-2023 period (RIIO-ED1), many new 
‘solutions’ are deployed for the first time, meaning that 
individuals who can manage technical trials and develop 
policies are required. In the next period (RIIO-ED2: 
2023-2031) there are far fewer ‘new’ solutions being 
deployed, but the scale of roll-out of those technologies 
deployed in RIIO-ED1 becomes significant. Therefore, 
DNOs require staff that can install and commission this 
equipment, in far greater numbers. 
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Figure 4: Investment split by regulatory period  

INTERNATIONAL USE 

While the drivers for change may be different across the 
world, the parametric approach allows this method to be 
replicated in other areas. 
 
New Zealand has acknowledged that it will face similar 
challenges through customer adoption of new 
technologies and the ensuing changes to demand profiles 
that will be brought about. While the Transform Model 
was developed to model the impact of Great Britain 
specific scenarios on Great Britain specific networks, 
recent investigations have shown the model to be readily 
adaptable to the New Zealand context.   
 
Work has already been carried out to model a portion of 
New Zealand and a project is currently underway to 
develop a version of the Transform Model that covers the 
entire country. This project has the backing of the New 
Zealand Smart Grid Forum, Energy Networks 
Association and well over 30 individual electricity 
distribution companies.  

CONCLUSION 

Consumer adoption of low carbon technologies presents 
substantial challenges for network operators.  Decision 
making is complicated by the significant uncertainty 
associated with future scenarios and the cost benefits of 
potential intervention.    
 
The modelling approach discussed in this paper provides 
DNOs with an effective tool to explore scenarios and 
options and from this inform strategy and communicate 
with stakeholders.  The model described is mature and 
has been extensively used in Great Britain.   
 
 

 
 
Investigations show, however, that the general approach 
is applicable and adaptable for other networks, as 
demonstrated by the work now underway in New 
Zealand. 
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