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Document Purpose 
This document is the second interim report on the Customer-Led Network Revolution load and 

generation monitoring trials. The first report, produced in December 2012, “Initial Load and 

Generation Profiles from CLNR Monitoring Trials” (1), described preliminary results from Learning 

Outcome 1 load and generation customers in the CLNR monitoring trials. The current work adds to the 

previous document by describing initial data collected from some of the Learning Outcome 2 

intervention trials; specifically, those involving customers on a time-of-use tariff and engaging with in-

premises photovoltaic (PV) balancing. 

The primary purpose of this report is to give an early summary view of the data collected from the 

intervention trials to date, and to show some illustrative load and generation profiles from the 

customer groupings in the trials. The report also presents some preliminary conclusions and proposes 

areas of interest for follow-up work and more detailed analysis. The load profiles presented will be of 

interest to distribution network engineers and designers, as well as DNO operations as a whole, 

academic bodies and the wider energy industry. Specifically, the information presented here will be 

used to direct further work on developing profiles before and after interventions, with a view to 

updating network design tools. This update will cover both datasets such as the profiles in ACE 49 & 

105, and also the cost/benefit assessment used in NPADDS1 and TRANSFORM®2. The datasets can also 

used to update TRANSFORM®3. 

It must be noted that this report is an interim document that is primarily observational and describes a 

limited amount of data collected from a selection of CLNR trials in progress. Readers should not rely on 

this data to support investment and other decisions. Future reports will describe data from the other 

trials not covered here and present more detailed analytical investigations, and a full report on the 

monitoring and intervention trials will be published as part of the CLNR project closedown report. 

This report is accompanied by a series of datasets in Excel spreadsheet form which contain the derived 

load profiles and additional explanatory data. These datasets are provided in an open and usable 

format for use by other distributors and researchers. Appendix A – Datasets describes the files 

provided and their contents.  

                                                      
1
 NPADDS is the Network Planning and Design Decision Support tool being developed by EA Technology Ltd as part of the CLNR project 

Learning Outcome 5 workstream. NPADDS is part of the suite of products that make up the LO5 Decision Support Tools for the 
introduction of low carbon technologies into business as usual at Northern Powergrid. Enhanced network modelling tools will interpret 
policy statements, work across voltage boundaries and introduce new network and customer solutions to voltage and thermal problems. 
2
 The TRANSFORM model was produced as an output of the Smart Grid Forum Workstream 3. It is a parameter-based model of the 

electricity distribution network in Great Britain which allows the network to be constructed from common elements. TRANSFORM 
determines the best investment for network operators to make to ensure that the grid can sufficiently meet the demands of the network 
in the future (from now until 2050). It takes real data from distribution networks, local authorities, central government and a range of 
other sources to construct a model showing the demands currently placed on the electricity grid. It then overlays onto this the 
anticipated future demands that will come from various low carbon technologies, such as electric vehicles, heat pumps and solar panels. 
The load profiles used within the model, at the discretion of the Steering Group, could be updated as a result of this work. 
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Key Findings 
Our preliminary analysis suggests that: 

1. Customers on Time of Use tariffs use less energy in the early evening, but exhibit a new peak in 

demand (which may be higher than the unmodified peak) immediately afterwards; 

2. Customers with solar PV and no other interventions tend to use more energy through the day 

when the solar PV is generating, which may marginally offset consumption in the early evening 

peak: 

a. In-Home Displays seems to make little difference to customers’ behaviour; 

b. Automating load switching, to use solar PV generation within the home for water 

heating etc., moves even more consumption into the day, and is more likely to deliver 

network benefits by: 

i. Reducing consumption in the early evening peak, even in winter; and 

ii. Reducing net export in summer. 

Summary 
The Customer-Led Network Revolution project operates around five specific learning outcomes. To 

achieve each learning outcome a series of trials has been designed, each of which examines a discrete 

combination of customer propositions and network technologies. 

 Learning Outcome 1 (LO1): What are current, emerging and possible future customer (load and 

generation) characteristics? 

 Learning Outcome 2 (LO2): To what extent are customers flexible in their load and generation, 

and what is the cost of this flexibility? 

 Learning Outcome 3 (LO3): To what extent is the network flexible and what is the cost of this 

flexibility? 

 Learning Outcome 4 (LO4): What is the optimum solution to resolve network constraints driven 

by the transition to a low carbon economy? 

 Learning Outcome 5 (LO5): What are the most effective means to deliver optimal solutions 

between customer, supplier and distributor? 

This report relates to Learning Outcome 2 (LO2) and investigates customer flexibility, which is the 

ability of a customer or group of customers to change their pattern of electricity consumption to 

provide an increase in network headroom when required. Additional findings from Learning Outcome 

1 (LO1) are also presented herein as they provide a base-case against which LO2 trials are assessed. An 

understanding of how much customer flexibility is available and its cost will allow a comparison with 

network flexibility solutions, and therefore assist in the implementation of economic and efficient non-

network solutions to accepting increasing network load. 
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A study that describes a demand-side response (DSR) intervention for industrial and commercial (I&C) 

customers within Northern Powergrid’s operating region can be found in a companion report (2). No 

SME customer interventions are demonstrated in this study; these will be the subject of a future report. 

This report describes initial results of field trials involving customers who are the subject of a demand 

intervention, which is a means by which a customer’s behaviour (then reflected in a change in their 

pattern of electricity consumption) can be influenced or modified through technical, social or 

economic means, with the intention of creating additional network headroom. Although the 

acquisition of low-carbon technologies (LCTs) by customers is not in itself an intervention, it is possible 

that LCTs in themselves also cause underlying behavioural shifts. The only customers with LCTs 

examined in this report are those with PV, and this analysis is presented in section 2.2. The current 

work focuses on electrical load data collected from the intervention customers; future work will link 

additional LO2 research into social factors affecting electricity consumption and the monitoring 

analysis to provide a unified and complete picture of the intervention trials. 

The CLNR trials are on-going and this report presents a snapshot of the data that has been collected to 

date with some preliminary explanatory notes from three main interventions. Firstly, profiles of the 

total and underlying demand of a group of solar PV customers and how these differ from regular (no 

intervention or LCT) customers are presented. Secondly, two solar interventions (specifically, an In-

Home Display and automated load switching) that aim to assist customers in using their solar-

generated energy on-site, in order to maximise in-premises usage and therefore minimise impact on 

the LV distribution network, are investigated. Lastly, profiles of customers on a three-rate time-of use 

tariff which is designed to encourage off-peak electricity consumption are shown and compared to the 

regular customer group of test cell 1a. Conclusions are drawn from figures which show the load 

profiles mapped against their respective base case, comparative normalised profiles and respective 

consumption distributions. 

The focus in this work has been to provide summary statistics for periods of peak winter load and peak 

solar generation (which also coincides with minimum load), in order to give a most useful “first look” at 

the data from a network design perspective. The peak winter period, informed by Northern 

Powergrid’s historical network measurements, is taken as mid-January 2012; while the summer peak is 

set to early September 2012. It must be noted that these are representative periods and are not 

absolute, because a compromise between seasonality and available data was required4. 

New load profiles are presented for the baseline regular domestic customer study (CLNR test cell 1a). 

These update the previous profiles using the full set of customers recruited onto the trials. As expected, 

given the sample sizes, the new aggregate profiles are substantially the same as the ones previously 

                                                      
4
 For example, although peak generation would normally occur around July, September 2012 is the first month during 

which significant numbers of PV customers are present in the trials. 
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presented in (1). However, the addition of new data has increased the size of the sub-demographic 

groupings and summary profiles for each demographic sub-set are added to the datasets. 

The load profiles for solar PV groups are of a complex shape and difficult to approximate; in part this is 

a consequence of the limited sample size, and the continuation of the CLNR trials during 2013 will 

permit a more comprehensive future analysis. It is shown however that the solar customers in the 

sample, in general, exhibit higher demands than those of baseline regular electricity customers for 

both winter and summer. Solar PV customers with automatic in-premises balancing exhibit a higher 

energy consumption tendency than all other test groups whilst showing a lower overall export over 

peak solar times; these effects are attributed to hot water charging. The group of PV automatic in-

premises balancing also experience a larger demand over night. 

An apparent shift in load during the evening peak period (16.00 – 20.00hrs) was witnessed for the time 

of use tariff test group5 when compared to that of baseline regular electricity customers, during the 

summer period6. Although a reduction is present across the peak charging period, an increased peak 

load exists later in the evening, suggesting that the evening peak consumption is genuinely shifted. Of 

interest and detailed in section 3.2, Figure 23 shows the mean weekday energy consumption for the 

same group of customers during summer, before and after joining the time-of-use trial; an apparent 

evening peak shift indicates that consumption is being moved from the the peak charging period to 

later in the evening. Further studies will need to be done to isolate confounding effects and confirm 

the significance of this apparent effect. 

 

                                                      
5
 Similar results are reported in EDRP (6) & CER Smart Metering Project (7) 

6
 ToU data for winter 2012 was not available at the time of analysis; this data has now been collected and a follow-up study 

will investigate possible evening peak shift during seasonal peak demand. 
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Glossary of Terms 

 

 CLNR Customer-Led Network Revolution 
 LO Learning Outcome 
 TC Test Cell 
 SME Small or Medium-Sized Enterprise 
 I&C Industrial and Commercial 
 PV Photovoltaic (solar panels) 
 LCT Low-Carbon Technology 
 DG Distributed Generation 
 DSR Demand-Side Response 
 NPADDS Network Planning And Design Decision Support tools 
 ToU Time-of-Use (tariff) 
 EDRP Electricity Demand Research Project 
 CER Comission for Energy Regulation 
 IHD In-Home Display 
 TC Test Cell 
 Weekday Monday to Friday 
 Weekend 

LV 
kW 
kWh 

Saturday and Sunday 
Low Voltage 
Kilowatt 
Kilowatt Hour 
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1 Introduction 
This document is an interim report on the CLNR LO2 Intervention Trials, and presents an initial view of 

data collected from electricity customers who are taking part in the time-of-use and solar in-premises 

balancing studies, and from control groups of customers. These terms will be explained below. 

The CLNR project defines a set of intervention trials which are designed to investigate electricity 

customers’ demand flexibility, and their responsiveness to technical, economic and social interventions 

or propositions which make use of this flexibility. Each trial is labelled in project terminology as a test 

cell which defines a combination of customer grouping, metering type, special electrical loads and 

intervention type. The Customer-Led Network Revolution Full Submission (Appendix 4) explains this in 

more depth. The test cells studied in this report are the following: 

 Test Cell 1a: Basic Profiling of Regular Domestic Smart Meter Customers. 

 Test Cell 5: Enhanced Profiling of Photovoltaics. 

 Test Cell 9a: Pure Time-of-Use Tariff, General Load - Residential. This consists of domestic 

customers on a ToU tariff. 

 Test Cell 20auto: Automated Within-Premises Balancing. A proposition which has seen 

domestic PV customers interacting with an automatic water heating system powered from the 

PV array. 

 Test Cell 20manual: Manual In-Premises Balancing. Residential PV customers who have 

received an in-home display to help them manage their PV output. 

These test cells are related to each other as in Figure 1. Base domestic customers are regular electricity 

customers with no special electrical loads or interventions. Test Cell 5 customers generate a proportion 

of their own electricity using installed PV, and Test Cell 20 customers additionally make use of some 

form of in-premises balancing; that is, they are encouraged to make use of electricity generated on-

site. Test Cell 9 participants are regular electricity customers who have signed up to a time-of-use tariff 

which encourages off-peak electricity consumption through an economic stimulus. These interventions 

are described in more detail in the relevant sections of the report. 

Customers in the CLNR base monitoring test cells (LO1) are largely unaware of the effect of their 

demand on the distribution network, and are not involved in any of the novel intervention trials in 

LO2. LO2 customers are exposed to an intervention and have accepted one of the commercial 

propositions designed to explore customer flexibility. 

Trial participant recruitment, and subsequent metering installation, has taken place during 2011, 2012 

and 2013, and previous work (1) described the first set of data to be collected from LO1 test cells. 

Explained and presented in the current report are datasets from the LO2 test cells described above, 

with some update of the LO1 data sets where additional data has been collected since December 2012. 

Further information about the customer selection and recruitment processes will be released by the 

project in additional future reports. 
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Figure 1: Relationship between base and intervention test cells 

 
The remainder of this report is dedicated to a per-test cell summary of the data collected by the 

project to date, for the test cells described above. This will include discussion of the data itself (source, 

size, processing), the analysis methods and tools used, and finally results and conclusions about the 

interventions. A series of spreadsheets accompanying this report contains the derived datasets and 

results of analysis, and all charts and graphs demonstrated herein are reproducible using this data. 

 

1.1 Dataset selection  

The main analysis herein presents summary statistics for representative periods of peak load and 

generation. While a more general view of load and generation profiles will be the subject of 

subsequent CLNR reports, peak load and generation profiles are the most useful “first look” at the data 

from a network design perspective. 

Northern Powergrid records indicate that the peak demand for winter 2011 / 2012 occurred on 

January 16th and 17th 2012, and so these dates are taken as a peak demand reference point. We know 

less about peak generation days as the amount of currently-installed PV is very low as a proportion of 

the network, but this is likely to have occurred between June and August 2012. However, PV customer 

recruitment to CLNR was in the ramp-up period at this time and the earliest month with significant 

numbers of PV customers was September 2012; following examination of the data, the 6th and 7th 

September 2012 was chosen as the “peak generation” period. This will be revised following the 

collection of PV customer data during summer 2013. Table 1 shows the number of customers and the 

peak days for each test cell study in this report. 

 

 

Test Cell 1a 
Base Domestic 

Test Cell 5 
Base Solar PV 

 

Test Cell 9 
Time of Use Tariff 

 

Test Cell 20 (auto) 
Automatic solar in-
premises balancing 

 

Test Cell 20 
(manual) 

Manual solar in-
premises balancing 

Base Test Cell 

 
Intervention 

Test Cell 
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  TC1a TC5 TC9a TC20(auto) TC20(man) 

Su
m

m
e

r 

Peak days 
6/7 Sep 

2012 
6/7 Sep 

2012 
6/7 Sep 

2012 
6/7 Sep 

2012 
6/7 Sep 

2012 

Participants 26527 36 576 44 54 

W
in

te
r Peak days 

16/17 Jan 
2012 

16/17 Jan 
2013 

16/17 Jan 
2012 

16/17 Jan 
2013 

16/17 Jan 
2013 

Participants 7043 95 08 92 96 

Table 1: Trial participant numbers and test days for LO1 and LO2 test cells 

 

It may be noted that the winter reference day is in 2013 and not 2012 for some of the studies; for 

these test cells (TC5, TC20 (auto) and TC20 (man) monitoring had not started in 2012, while 2013 data 

is not available for TC1a and TC9a. These studies will be updated when the data for these periods is 

collected. The profiles for Test Cell 1a were computed for the same period as presented in (1), i.e. May 

2011 to April 2012 inclusive. 

The monitoring interval varies depending on test cell. TC1a and 9a are sampled every half hour with 

units of kWh, whereas average power consumption in kW at 10-minute intervals is recorded for test 

cells 5 and 20. More details of the measured quantities for each study are presented in the relevant 

sections of the report. 

  

                                                      
7
 At the time of analysis a batch of the test cell 1a customer smart meter data was only available for May 2011 to May 2012 

(inclusive). The analysis will be re-run as the full data set becomes available.  
8
 No TC9a customers joined the time-of-use tariff scheme before 1

st
 March 2012. 
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2 LO1 Monitoring Trials Update 
Since publication of the previous CLNR report into field trials data (1) additional data has been 

collected from the CLNR field studies, and in this section updates to the Base Domestic Monitoring 

study, Test Cell 1a, and the Base Solar PV Monitoring Study, Test Cell 5, are presented. A comparison of 

the base load and solar customer demand profiles is also shown. 

Appendix B contains an expansion of the breakdown of load curves by socio-demographic grouping; (1) 

provided a breakdown by rurality but this section shows a breakdown by the other variables defining 

the study group. 

 

2.1 Test Cell 1a General Domestic Load 

2.1.1 Overview 

Test Cell 1a participants are recruited from British Gas domestic smart meter customers. No 

interventions such as time of use tariffs or load control are present for these customers, and they do 

not own any low-carbon technoligies (LCTs). All meter data is half-hourly average electrical energy 

consumption in kWh for the period 01/05/2011 to 30/04/2012 which is converted to kW for analysis. 

Data within this sample includes customers from in and out of the Northern Powergrid region in an 

approximately 50/50 split; this is in order to aid applicability of the test cell results to other regions. 

2.1.2 Analysis  

Demand profiles were computed for trial participant numbers and dates as described in Table 1; both 

peak demand and peak generation profiles were produced for comparison with both demand (test cell 

9a) and generation (test cells 5, 20(auto) and 20(manual)) profiles from the other field trials. Profiles 

consist of the mean, median, 5th and 95th percentile of demand per half-hour. The produced profiles 

are shown in the graphs below.  

Figure 2 depicts the monthly mean power demand for a full 12 month period starting from June 2011 

inclusive of week and weekend days. The subsequent figures show the range of summary statistics for 

the peak days chosen in September and January 2012 respectively.  

The 95th percentile shown in Figure 3 and Figure 4 depicts the demand requirement from the top 95 

percent of customers being monitored on the days in question where, for both periods this quantity is 

considerably higher than the mean and median cases. 
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Figure 2: Monthly mean demand for TC1a customers over 1 year (June 2011 to May 2012 inclusive) 

  

 

Figure 3: Half-hourly electricity consumption for 16th / 17th January 2012 for test cell 1a customers 
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Figure 4: Half-hourly electricity consumption for the 6th / 7th September 2012 for test cell 1a customers 

Although the differences between summer and winter loads is well documented, we have compared 

the mean load profiles in Figure 5 below for each of the two days in September 2012 and January 2013. 

Demand is naturally higher in winter as a result of increased heating and lighting requirements. 

 

Figure 5: Test cell 1a mean half-hourly demand for two days in September 2012 and January 2013  
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2.1.2.1 Normalisation of daily demand 

Distribution networks are designed to accommodate instances of extreme demand and generation. 

Because customers that possess solar PV and those that have demand-side response measures can 

exhibit significant variation in their absolute demand and generation, a relationship is sought between 

the load and generation at a given half-hour and monthly energy consumption. This relationship is the 

mean demand estimation coefficient and is useful in computing the demand for a group of customers 

within a given month and for a given feeder on the network. Owing to the variability of the datasets, 

monthly consumption was used as opposed to yearly consumption for a given customer. Because the 

datasets contain generation as well as load, the demand estimation coefficient will not be common to 

all customer types. Since there is only one complete year’s worth of data for test cell 1a the results 

were normalised to yield a monthly load factor rather than a yearly load factor. 

For a given customer group and a given customer,  , the demand estimation coefficient is given by:  

                                
 

 
∑

                    

                                 

 
     

  

   
  (1) 

Moreover, to try to obtain a better comparison between the different groups the data was normalised 

by monthly energy consumption as a way of decoupling the single peak day profile. This method will 

provide a more intuitive illustration of shifts in demand consumption over a particular period for the 

customer group in question. 

Figure 6 and Figure 7 show the previously plotted test cell 1a load curves for the summer and winter 

days upon applying equation (1). It can be readily noticed that the general load shape for both profile 

figures are maintained as the graphs are simply divided through by a constant factor. With a larger 

peak in January than in September the normalised peak values for winter days are larger than for those 

in summer. 
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Figure 6: Normalised half-hourly electricity consumption for 16th / 17th January 2012 for test cell 1a  

 

Figure 7: Normalised half-hourly electricity consumption for 6th / 7th September 2012 for test cell 1a 

 

2.1.3 Conclusions 

The monthly mean load profiles presented previously in (1) have been updated with smart meter data 

from an additional 1695 trial participants. The general characteristics of the load curve do not change 

significantly with the addition of these additional customers, which is unsurprising given the already 

large sample size. 
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Mean and median (50th percentile) peak loads occur at approximately 18.00hrs during the 2 days in 

winter but several hours later at 22.30hrs for those days in the summer months. This difference can be 

attributed to the higher heating and lighting demands experienced in the winter months. 

 

2.2 Test Cell 5 Domestic Solar PV 

2.2.1 Overview  

This study is of electricity customers with domestic PV microgeneration (i.e. up to 4.0kW peak output). 

The monitoring is of customers’ total household electricity consumption and their PV array output, in 

average kW import or export in 10-minute monitoring intervals. Other than benefiting from their own 

microgeneration these customers are not exposed to any other form of flexibility intervention. The 

number of customers in the trial is presented in Table 1. 

Normalised PV array generation profiles from the trial participants for this period, and the spread of PV 

array sizes in the trial, are shown and discussed in (1) and are not reproduced here. 

2.2.2 Analysis 

In this section we detail cases of solar power generation, whole home import and total power 

consumed by the dwelling for base domestic PV customers (i.e. without an in-premises balancing 

intervention) over the analysis period in question. Whole home power import was derived from 

measurements of household gross power consumption and solar power generation; this showed the 

imported power at periods where solar power cannot supply the dwelling’s energy requirements. 

Likewise energy is exported when solar power generation is in excess of what the dwelling requires. Of 

most interest to a network designer is the load profile of the dwelling and load factor of the PV array. 

Whole home power import analysis is included as this shows whether a particular group is most likely 

to be load or generation inducing. 

Figure 8 and Figure 12 depict whole home power import and export for September 2012 and January 

2013 respectively. General observations are that summer power export took place between 08.00 to 

16.00hrs and reached a mean maximum export of 1kW over a 3 hour period from 10.00 to 13.00hrs. 

There was little significant mean export during the peak winter days. The 95th and 5th percentiles show 

the extremes of load and generation. At the 95th percentile, generation reached a maximum of 2kW 

export during the summer for a near 2 hour period but around 0.9kW during January. In contrast the 

higher 5 percent of customers in the sample required 3kW peak power import during the winter as 

opposed to 2kW during the summer period.   
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Figure 8: Test Cell 5 whole home power import / export for 6th and 7th September 2012 

Household consumption is depicted in Figure 9 with an interesting bimodal peak for the 95th percentile 

curve where the top 5 percent of customers require power in near equal proportions at two distinct 

periods throughout the day. Over the course of the first day, the initial peak occurs around 10.00 and 

the second at 18:00. However, for the second day there appeared to be a shift in the time of peak 

usage by approximately 1 hour, this however aligns itself with the lower 5 percent of members in the 

sample on the first of the two days. 

 

Figure 9: Test Cell 5 base household power consumption for 6th and 7th September 2012 
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Referring to the respective normalised curves over September and January, Figure 11 and Figure 15, 

the sample size for test cell 5 is much smaller than that of test cell 1a and could be one reason for the 

test-cell 5 curve being less smooth. Having explored this further with the same number of customers in 

test cell 1a a smoother and less sporadic profile was produced indicating that solar customers do not 

necessarily follow the familiar load curve. Given the intermittent nature of solar energy and the 

perhaps intermittent nature of loads taking advantage of the generated energy, this was perhaps to be 

expected.  

Examining Figure 11 and Figure 15, solar and baseline regular customers appear to exhibit broadly 

similar normalised demand patterns, especially at peak. Although this may be expected – solar 

customers are not presented with the means to visualise or extensively control their energy 

consumption and so we might not expect a dramatically alteration in lifestyle – solar customers do 

appear to show higher relative consumption during the day (09.00 to 17.00hrs). However without 

further detailed knowledge of the socio-economic profiles and attitudes of these customers it is 

difficult to speculate further on their energy consumption habits at this time. 

 

 

Figure 10: Normalised Test Cell 5 base household power consumption for 6th and 7th September 2012 

 



  
 

Page | 17 
 

 Copyright Northern Powergrid (Northeast) Limited, Northern Powergrid (Yorkshire) Plc, British Gas Trading Limited and the University of Durham, 2013 

 

 

Figure 11: Test Cell 5 mean normalised base household power consumption compared to test cell 1a 

for the 6th and 7th September 2012 

 

 

Figure 12: Test Cell 5 whole home power import / export for 16th / 17th January 2013 
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Figure 13: Test Cell 5 base household power consumption for 16th / 17th January 2013 

 

 

Figure 14: Normalised Test Cell 5 base household power consumption for 16th / 17th January 2013 
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Figure 15: Mean normalised Test Cell 5 base household power consumption compared to test cell 1a 

for the 16th and 17th January 2012 

From these plots it appears that solar PV customers do generate an additional load requirement during 

the daytime, which could be accounted for by imagining that solar PV customers attempt to make use 

of any generated electricty during sunlight hours. The socio-demographic characteristics of the 

customers in test cell 5 are unknown but it is reasonable to assume that there will be differences from 

test cell 1a and this bias will need to be accounted for in future work. The sample of customers in 

January was obtained in 2012 for test cell 1a and 2013 for test cell 5, and temperature correction 

across the two years was not been carried out in this study. 

As the study group evolves and more data becomes available any change in behaviour of the solar PV 

groups over time will be investigated. It is hypothesised that without any form of in-premises balancing 

the PV consumers may begin to alter their consumption patterns without autonomous means; either 

becoming more or less aware of their generation and subsequently further changing their 

consumption or reverting to prior behaviours.  

As well as analysing specific peak days to observe changes in consumption, the distributions of total 

monthly consumption were computed. Figure 16 and Figure 17 show the probability density functions 

(PDF) for summer and winter total monthly energy consumption for each customer in the sample 

respectively. The profiles suggest that customers with installed solar PV show a tendency to require 

more energy during both the summer and winter periods. For test cell 1a, the January mean 

consumption was 342 kWh opposed to 393 kWh for test cell 5 whilst in September the monthly 

consumption was 262 kWh for test cell 1a, and 312 kWh for test cell 5.   
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Figure 16: Probability density functions for the monthly energy consumptions of test cells 1a and 5 

over January 2012 and 2013 respectively

 

Figure 17: Probability density functions for the monthly energy consumptions of test cells 1a and 5 

over September 2012 
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2.2.3 Conclusions 

The analysis presented of the unadjusted load curves, normalised profiles and the probability 

distributions help to reveal a few interesting observations. Further work is needed to provide statistical 

confidence in these results, but we observe using Table 2 as a reference, that:  

 Solar PV customers experience a higher energy consumption on a daily basis as well as a higher 

peak to that of the base case test cell 1a. However normalised peak consumptions are broadly 

similar. This study is of only two days however and a broader view of these customer groups 

will need to be undertaken. 

 Solar PV users without any form of in-premises balancing showed large irregularity with higher 

consumption patterns compared to that that of the base case, test cell 1a. It is suspected that 

this is partly to do with the size of the sample, but also simply that solar generation is 

inherently more intermittent and with a larger sample would still be the case. 

 Additional consumption occurred in the daytime between 09.00 and 17.00hrs. It appears that 

these customers are not simply shifting consumption to daytime, but that they are consuming 

more electrical energy over all. This could be accounted for by socio-demographic reasons; 

nevertheless the customers in the sample do represent present and likely future PV owners so 

this effect will need to be studied further. 

 

Consumption 
(kWh) 

September 2012 January  

Test cell 1a Test cell 5 Test cell 1a Test cell 5 

Peak period  1.7 2.3 3.0 3.4 

Mean total 7.5 9.7 10.8 12.7 

% of mean 
daily 

consumption 
22.3 23.9 28.0 26.7 

Table 2: Mean consumption during peak hours from 16.00 to 20.00 hrs over the two days in 

September 2012 and January 2012, for test cells 1a, and January 2013 for test cell 20 manual (kWh) 

3 LO2 Intervention Trials 
This section describes three customer flexibility interventions, namely domestic time of use tariff (test 

cell 9a), automatic in-premises PV generation balancing (test cell 20 (auto)), and manual in-premises 

PV generation balancing studies. The two PV interventions are designed to investigate the degree to 

which systems that assist PV owners with the management of their on-site generated power change 

behaviour; while the time-of-use study examines the effect of an economic incentive to move 

electricity consumption away from the system peak. The details of each of these interventions are 

described in the following sections. For the purpose of this report, PV metering at 10 minute intervals 

(average kW per 10 minutes) was averaged to half hourly intervals, for consistency with test cell 1a 

and test cell 9a time-of-use measurements.  
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3.1 Test Cell 9a Residential Time of Use Tariff 

3.1.1 Overview 

Customers in this study were invited to transfer from their existing tariff onto a three-rate time-of-use 

tariff which is designed to provide price signals that move electrical energy consumption away from 

the existing network peak period of 4pm-8pm (3). 625 British Gas customers9 in Northern Powergrid’s 

operating region transferred to the tariff during 2012 and agreed to be monitored through 

conventional smart metering at 30 minute intervals. The actual numbers analysed (accounting for start 

dates on the time-of-use tariff, drop-outs and metering failures) are shown in Table 1. The tariff 

structure is shown below in Table 3, and is designed to be “cost neutral” for the purposes of the trial: 

that is, customers who exhibit no behavioural change on average will not suffer any financial penalty, 

the incentive being cost savings through load shifting to off-peak times. This is a different proposition 

to a punitive tariff which would deliberately increase costs for customers who do not actively change 

their behaviour. This tariff is exclusive to CLNR and is not available to regular BG residential customers. 

 

Time Period Description Rate 

07.00 – 16.00 Day 4% below standard rate 

16.00 – 20.00 Peak 99% above standard rate 

20.00 – 07.00 Night 31% below standard rate 

Notes 
The Night rate applies all weekend (Saturday / Sunday) 
A standing charge is applied in addition to the per-unit costs 

Table 3: Test Cell 9a Residential Time-of-Use Tariff Structure 

3.1.2 Analysis  

The figures in this section show the results of test cell 9a time-of-use tariff intervention analysis. The 

graphs show half-hourly electricity consumption data for customers on the time-of-use tariff for 

September 2012, both absolute and normalised consumption. Comparisons with test cell 1a as a base 

case are also shown. Again, no temperature correction for this analysis was carried out to account for 

the differences in time periods. 

                                                      
9
 843 customers responded to the invitation to join the time-of-use tariff trial; 625 remained once drop-outs and ineligible 

customers were accounted for. 
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Figure 18: Half-hourly electricity consumption for test cell 9a customers on the 6th / 7th Sept 2012 

 

 

Figure 19: Normalised half-hourly electricity consumption for test cell 9a customers on the 6th / 7th 

Sept 2012 
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Figure 20: Probability density functions for the monthly energy consumptions of test cells 1a and 9a 

over September 2012 

 

Figure 21: Comparison of TC1a and TC9a customers: summer mean (September 6th / 7th 2012) 
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The time-of-use trial customers appear on average to have a lower demand between 18.00 and 

20.00hrs compared to test cell 1a customers for the same day, implying that the tariff had indeed 

induced a shift on these two days during the summer. No winter comparison was produced for this 

report; the time-of-use trials started April / May 2012, and data for winter 2012 had yet to be collected 

at the time of writing. The monthly mean consumption was comparable to that of test cell 1a yielding 

257 kWh.   

 

Figure 22: Test cell 1a normalized mean load profile vs. TC9 summer mean profile (September 6th / 7th 

2012)  

A further analysis of a subset of customers for which data was available pre-intervention is presented 

in Figure 23. Consumption data from a group of 87 customers for the period 1st May 2011 to 31st 

October 2011 and from the period 1st May 2012 to 31st October 2012 were analysed; these periods are 

“before” and “after” the introduction of the time-of-use tariff for these customers10. The size of the 

pre-intervention dataset was smaller, with 34 customers in the pre-intervention trial group recording a 

null reading and only one customer in the post-intervention trial group recording a null reading. The 

graph also seems to suggest that some shifting of evening peak load has occurred for customers 

following the introduction of the tariff. It is acknowledged however that in order to state this effect 

with a higher confidence some form of significance testing is required. A significance test (e.g. a t-test) 

                                                      
10

 Customers in summer 2011 / summer 2012 comparative analysis were customers who joined the ToU trial during March 
and April 2012 and who also were actively monitored during the equivalent May-October period in 2011. This 6-month 
summer window (corresponding approximately to BST) excluded the remainder of the test cell 9a customers who had not 
joined the scheme by 1

st
 May 2012. 
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could provide an insight whether a significant shift did occur but we must be mindful of issues such as 

selection bias and corrections during the time of year and the different customer influences. For this 

reason a form of correlation analysis is likely to be explored initially with the use of regression as a 

parameter-fitting tool. 

The implied shift in peak load presented in Figure 23 is consistent with preliminary results from British 

Gas on a subset of customer data, “before” and “after” the introduction of a time of use tariff.  The 

report findings can be found in the initial analysis of half hourly consumption for 112 British Gas 

customers before and after the introduction of the time-of-use tariff. (4) 

 

Figure 23: Mean weekday load comparisons of the pre and post intervention periods for test cell 9 

3.1.3 Conclusions 

Due to the lack of customers present in the January period when analysing the winter loads, 

comparisions of the post-intervention trials for September 2012 was made against that of test cell 1a. 

Having also explored the pre- and post-intervention trial analysis over the same periods between 

01/05/2011 and 31/10/2011 (Pre-) and 01/05/2012 and 31/10/2012 (Post-) we can state:   

 Preliminary indications are that time of use tariffs reduce the early evening peak, at least in the 

summer, although there is then significant payback as demand increases sharply at the end of 

the peak rate period. From a network perspective there may therefore be limited value in such 

tariffs, although it may be possible to design other time-of-use tariff structures that eliminate 

this perceived deficiency. 

 When comparing the profiles generated of the pre- and post- intervention trials in Figure 23 the 

demands are similar during the day but a reduction in evening peak (16:00 to 20:00 hrs) is 
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witnessed (around 0.1 kWh) in the post intervention trial. In terms of actual load reduction 

during the peak period a reduction of 0.2 kW was seen in the post intervention trials. The daily 

and peak consumptions are shown below in Table 4 to help draw comparisions.  

Consumption 
(kWh) 

Pre 
intervention 

Post 
intervention 

Peak period  1.75 1.66 

Daily total  7.2 7.3 

% of mean daily 
consumption 

24.3 22.7 

Table 4: Total peak and daily consumption during peak hours from 16.00 to 20.00hrs for the pre- and 

post- intervention trials of test cell 9a  

 

3.2 Test Cell 20 (manual): PV with Manual In-Premises Balancing 

3.2.1 Overview 

Electricity in the UK retails for approximately 13p/kWh11 and PV owners can currently sell their excess 

generation for 4.64p/kWh12, therefore it is economically sensible for PV owners to attempt to move 

electricity consumption to daylight hours and to use generated electricity on-site where possible. 

Customers without an export meter are currently paid a deemed export rate of 50%, which makes in-

premises balancing even more of an attractive option13.  

The first of the PV in-premises balancing studies test the effectiveness of an in-home display (IHD) in 

enabling PV customers to use the electricity generated by their solar array within the household. The 

customer is provided with an in-home display device (see Figure 24 and Figure 25) which informs them 

in real-time of excess generation which would normally be exported to the grid; it is then up to the 

customer to decide whether to and how to use the excess solar energy. The green region on the meter 

indicates a generation excess resulting in a net power export, while conversely the red region indicates 

a deficiency in power required resulting in a net import.  

                                                      
11

 See for example http://www.britishgas.co.uk/products-and-services/gas-and-electricity/our-energy-tariffs/tariff-
rates.html. Unit rates depend upon postcode and payment method, but 13p / kWh is a reasonable average figure. 
12

 See for example http://www.energysavingtrust.org.uk/Generating-energy/Getting-money-back/Feed-In-Tariffs-scheme-
FITs.  
13

 The deemed export rate of 50% assumes that customers export half of what they generate. Customers who are therefore 
unable to use 50% or more of their generated energy in-house by shifting demand from non-daylight hours will effectively 
be receiving a lower payment rate on their exported energy, and losing out on potential savings. 

http://www.britishgas.co.uk/products-and-services/gas-and-electricity/our-energy-tariffs/tariff-rates.html
http://www.britishgas.co.uk/products-and-services/gas-and-electricity/our-energy-tariffs/tariff-rates.html
http://www.energysavingtrust.org.uk/Generating-energy/Getting-money-back/Feed-In-Tariffs-scheme-FITs
http://www.energysavingtrust.org.uk/Generating-energy/Getting-money-back/Feed-In-Tariffs-scheme-FITs
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Figure 24: In-Home Display for Manual PV Balancing – Screen Display 

 

Figure 25: In-Home Display Unit 

PV customers are recruited from within Northern Powergrid’s operating area in the North East and 

Yorkshire, and are a mixture of purchased and “rent-a-roof” installations. While it would be imagined 

that rent-a-roof PV owners would experience even more of an incentive to use generated electricity 

on-site as they do not benefit from the feed-in tariff, no analysis of this effect has been attempted in 

this work. All PV customers remain on their existing tariff. Monitoring consists of metering customers’ 

total household electricity consumption and their PV array output, at a 10-minute monitoring interval. 

3.2.2 Analysis 

As before, we present the profiles common to solar generation customers; to make comparisons easier 

however we relate them to what is the base case solar, test cell 5 rather than test cell 1a. As with all 

the datasets the time periods are processed to incorporate BST and averaged to half-hour intervals. 
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Figure 26 measures whole house import for test cell 20 manual customers alongside house 

consumption in Figure 27. The set of whole house import and respective base consumption profiles are 

plotted in Figure 26 to Figure 29.  

When comparing the test cell 20 manual profiles for September to January the underlying 

consumption behaviour does not noticeably change and can be seen to remain very much the same, 

albeit with a higher demand as expected in January.  

 

 

Figure 26: Whole house power import for test cell 20 manual customers for the 6th and 7th September 

2012 
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Figure 27: Total power consumed by the premises for test cell 20 manual customers for the 6th and 

7th September 2012 

 

Figure 28: Whole house power import for test cell 20 manual customers for 16th / 17th Jan 2013 
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Figure 29: Total power consumed by the premises for test cell 20 manual customers for 16th / 17th 

January 2013 

To obtain a clearer comparison we plotted the normalised profiles in each month to compare both test 

cells. From Figure 30 it can be seen that the results did not point towards any shift in consumption for 

either the summer or winter periods. Although there was an apparent peak demand for test cell 5 at 

18.00hrs there were fewer customers than in the comparator test cell which would effect the relative 

estimates of the means. The findings here are inconclusive and this is further verified when looking at 

the probability distributions in Figure 32 and Figure 33 where the consumption patterns for the 

manual intervention customers show a higher monthly requirement for September. Exploring both 

customer groups, a September monthly mean consumption of 360 kWh is seen for test cell 20 manual 

customers compared to 312 kWh for test cell 5. Overall consumption in January was almost of the 

same proportions for both groups; for test cell 20 manual customers a mean monthly total gave 440 

kWh as opposed to 393 kWh for test cell 5. 
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Figure 30: Mean normalised Test Cell 5 base household power consumption compared to that of test 

cell 20 manual for the 6th and 7th September 2012 

 

Figure 31: Mean normalised Test Cell 5 base household power consumption compared to that of test 

cell 20 manual for the 16th and 17th January 2013 
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Figure 32: Probability density functions for the monthly energy consumptions of test cells 5 and 20 

manual customers over January 2013 

 

Figure 33: Probability density functions for the monthly energy consumptions of test cells 5 and 20 

manual customers over September 2012 
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3.2.3 Conclusions 

A comparison of the electrical import power between the PV control group (test cell 5) and the 

customers with manual in-premises balancing equipment (test cell 20 manual) appeared to indicate 

that the intervention customers experience larger mean import loads. This can be readily seen in  

Table 5 below which shows the mean consumption over peak hours compared to the mean total 

consumption over the two days in September and January.  

Consumption 
(kWh) 

January 2013 September 2012 

Test cell 5 
Test cell 20 

man 
Test cell 5 

Test cell 20 
man 

 Peak period 3.4 3.8 2.3 2.6 

Daily total 10.8 12.7 7.5 9.7 

% of mean 
daily 

consumption 
26.7 26.1 23.9 22.4 

 

Table 5: Mean consumption during peak hours from 16.00 to 20.00hrs over the two days in September 

2012 and January 2013 for test cells 5 and 20 manual (kWh) 

From the aforementioned profiles we notice that the median import resembles well the mean loads. 

Irrespective of the analysis period and considering the mean of this group and the control group it can 

be concluded that: 

 Peak power and relative peak consumption was similar between the two groups 

 Energy consumed was higher here than for the control, but this may be due to factors other 

than the presence of PV/IHD 

 Mean total consumption was greater for the manual intervention customer group which 

appeared to be a consequence of increased daily consumption  

 The CLNR social investigations will hopefully illuminate whether this is due to underlying socio-

economic factors such as occupancy patterns through the day, or whether the PV/IHD 

encourages a change in behaviour 

3.3  Test Cell 20 (auto): PV with Automated In-Premises Balancing 

3.3.1 Overview  

The second of the PV in-premises balancing studies test the effectiveness of a system which will 

automatically divert excess generated electrical energy from the PV array to a useful form within the 

residence; specifically, to thermal storage in the form of an immersion-heated hot water tank. The 

customer has no IHD but is able to have a level of confidence that the solar-generated energy is being 

used in-premises where possible. Similar arguments concerning the payment rates for imported and 

exported electricity as described in section 3.2.1 apply, except that the customer is more reliant on the 

automated system to make decisions on balancing. All other details about the customers and the 

monitoring are as described in 3.2.1. 
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3.3.2 Analysis 

This section of analysis follows the same structure as that in section 3.3.2 where the whole home 

import power and whole house consumption profiles are referenced against that of test cell 5. Plots of 

test cell 20 automatic customers profiles are depicted in Figure 34 to Figure 38.    

 

Figure 34: Whole house power import for test cell 20 (auto) customers for 6th / 7th September 2012 

 

Figure 35: Total power consumed by the premises for test cell 20 (auto) customers for 6th / 7th 

September 2012 
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Figure 36:  Whole house power import for test cell 20 automatic customers for the 16th and 17th 

January 2013 

 

 

Figure 37: Total power consumed by the premises for test cell 20 automatic customers for the  

16th and 17th January 2013 

A clear shift in monthly demand was noticed between these two groups as would be expected. Besides 

the difference in consumption between the two groups there appeared to be very little change in 
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energy requirements for the examined summer and winter months for the automatic in-premises 

balance customers. This could imply that demand for hot water is near constant for both periods 

depending on the split in energy consumption throughout the household.  

The load profiles, as also seen from the normalised curves of Figure 38 and Figure 39, show a trend of 

increased energy consumption over the day in the summer for the automatic in-premises balancing 

intervention customers. The same effect in the daytime is less noticeable over the winter period (if at 

all) but what is interesting is that the shift in evening peak over the hours 16:00 to 21:00 was 

maintained but less markedly. This shift and reduction in evening peak during the summer period 

indicates that the intervention appears to be moving the peak load into to the daytime as a result of 

the solar generation. 

During the night period, we can attribute the higher consumption of the intervention customers to the 

extra requirement induced by any hot water requirements for the dwelling. We assume that the hot 

water requirement produces this larger energy requirement; the differences in monthly consumptions 

are shown in Figure 40 and Figure 41. The mean monthly consumption for this group of intervention 

customers showed little variation between the two months and remains around 500 kWh. The skew in 

the distributions between the two test groups is worthy of further study.  

 

 

Figure 38: Mean normalised test cell 5 base household power consumption compared to that of test 

cell 20 auto for the 6th and 7th September 2012 
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Figure 39: Mean normalised test cell 5 base household power consumption compared to that of test 

cell 20 auto for the 16th and 17th January 2012 

 

Figure 40: Probability density functions for the monthly energy consumptions of test cells 5 and 20 

auto customers for January 2012 
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Figure 41: Probability density functions for the monthly energy consumptions of test cells 5 and 20 

auto customers for September 2013 

3.3.3 Conclusions 

The normalised September load curves shown in Figure 38 reveal an interesting characteristic in that 

there is a clear concentration of demand from 08.00 to 16.00hrs and a much lower evening peak. This 

lower evening peak is accompanied by a demand dispersion throughout the day. Compared to test cell 

20 (manual) and test cell 5 also, the influence of the dependable water heating load can be clearly seen, 

with a much lower mean export during the day; see Figure 34 and Figure 36. The 95th export percentile 

is approximately the same as for the test cell 20 (manual) case, i.e. around 2kW. Table 6 explores the 

difference in energy consumptions at peak periods for the two test cells. 

Consumption 
(kWh) 

January 2013 September 2012 

Test cell 5 
Test cell 20 

auto 
Test cell 5 

Test cell 20 
auto 

Peak period 3.4 4.0 2.3 3.0 

Daily total 12.7 17.6 9.7 16.3 

% of mean 
daily 

consumption 
26.7 22.6 23.9 18.7 

Table 6: Mean consumption during peak hours from 16.00 to 20.00hrs over the two days in September 

2012 and January 2013 for test cells 5 and 20 automatic (kWh) 

Using this table and the results presented, we can state:  
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 Daily consumption for the test cell 20 automatic customers was significantly higher than that of 

the base solar PV group. For the summer days, this is a result of higher energy consumption 

during sunlight periods but for both the winter and summer periods this was noticed 

throughout the night also. 

 Knowing little information as to the factors contributing to energy consumption we attribute 

the higher load requirements to the hot water heating requirements of test cell 20 automatic 

customers 

 Although possessing a larger energy consumption, the relative peak load of that of test cell 20 

automatic is lower than that of test cell 5 

 A shift in peak load was witnessed for the days analysed during the summer period where 

customers appear to shift their energy consumption 

3.4 Comparative Observations 

In this section we intend to bring together the analysis presented and draw brief comparisons between 

all test groups analysed, primarily comparing test cell 1a to all solar test cells. Figure 42 compares the 

mean demand for test cells 1, 5, 20 manual and 20 auto customers for the 6th and 7th September 2013 

showing that all solar customers have a higher mean load than test cell 1a. Having automatic load 

switching makes a big difference to the energy consumption and the apparent shift in peak demands. 

This latter point is more attributable to that of demand over the analysed summer days. Solar PV alone 

without any intervention appears to make little difference to load mitigation but reflects a belief that 

these customers are naturally highly energy intensive. An IHD appears to makes difference in 

consumption, based upon examination of the test cell 20 manual customers. 

 

Figure 42: Comparison of all solar customer test cells summer mean with TC1a summer mean (Sep 6/7) 



  
 

Page | 41 
 

 Copyright Northern Powergrid (Northeast) Limited, Northern Powergrid (Yorkshire) Plc, British Gas Trading Limited and the University of Durham, 2013 

 

However, with no information about the test cell customer composition we cannot infer a change in 

consumer consumption habits at this time. Further work using quantitative and qualitative methods, 

and a longer term study of the trial participants, will investigate the underlying social variables. 

The second consecutive day was a Friday and showed the lowest demand for imported electrical 

power of the two days. As expected, all maximum load consumptions reside within the evening peak 

regardless of the test group. Future work must explore the trends between customer groups over the 

different week and weekend days.  

The September days analysed revealed the most interesting observations in terms of the mean and 

daily mean energy consumptions when all test groups were considered together. To avoid repetition 

we have only included this analysis in Table 7, deliberately excluding those days in January. These 

findings can be seen in the respective concluding sections of each test cell for the days analysed in 

September. Test cell 9a, which wasn’t compared to test cell 1a, is now incorporated. It can be noticed 

that the relative consumption of test cell 9a was lower than all other groups examined except that of 

the automatic solar PV in-premises balancing customers. But because of the higher daily consumption 

of test cell 20 auto relative to all other test groups this is to be expected.    

Consumption 
(kWh) 

Test cell 1a Test cell 5 Test cell 9 
Test cell 20 

man 
Test cell 20 

auto 

 Peak period 1.7 2.3 1.6 2.6 3.0 

Daily total 7.5 7.5 7.4 9.7 16.3 

% of mean 
daily 

consumption 
22.3 23.9 21.0 22.4 18.7 

Table 7: Mean consumption during peak hours from 16.00 to 20.00hrs over the two days in September 

2012 and January 2013 for all test cells (kWh) 

In the same respect Figure 43 shows the same load curves to that discussed but for the analysed 

winter days in January. The area under the summer profile is noticeably less than that of winter. In the 

winter the customers exhibit a more aligned load curve with the main difference being exhibited 

between that of test cell 1a and 20 (auto); although for test cell 20 (auto) customers there is still a 

clear concentration of demand at 09.00 and a visible smaller peak between the hours of 12.00 and 

15.00 to their demand in the summer period. Test cells 5 and 20 (manual) still follow each other quite 

closely. Common throughout however is the noticeable broadening of the peak load explained through 

the need for increased heating and lighting.  
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Figure 43: Comparison of all solar customer test cells winter means with TC1a winter mean (Jan 16th 

and 17th) 

Several factors could be contributing to the observation that solar PV customers apparently require 

higher energy consumptions to those of test cell 1a. Property size and household composition are 

obvious factors. There is a counter argument in that energy efficiency measures can help lower 

consumption but without surveying each property in turn and conducting a mapping of energy usage 

we cannot comment further.  

Other than house size and disposable income being two primary factors that dictate household energy 

consumption (5), the ergonomics of the PV system and how these transform into an integrated system 

allowing households to adapt and consume electricity more efficiently will have an impact on 

consumption and load profile shapes. The term system is used to convey the integration between 

human learning and that of in-home activities. Any ‘in system’ learning can only be explored through 

increased data collection. 

Surprisingly, customers with manual in-premises balancing (test cell 20 manual) have a higher 

consumption than solar customers with no in-premises balancing (test cell 5). Again, with little 

information available about the customers’ property sizes and disposable incomes14 we cannot draw 

any conclusion other than to state descriptive results for the sample.  

                                                      
14

 Forthcoming analysis of the CLNR residential surveys and results from qualitative face-to-face interviews will help to shed 
light on this question. 
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4 Conclusions 
The work presented in this report was a first look approach at the different types of customer trial 

interventions featured in the CLNR LO2 workstream, with the aim of presenting customer 

interventions alongside the respective base test cells, summary statistics of data gathered to date and 

broad assessments of the effectiveness of the interventions.  Although it is acknowledged that further 

and more rigorous statistical analysis needs to be conducted regarding the effect of interventions on 

demand, some interesting observations can be made and these naturally inform this further analysis.  

Networks are designed to meet credible peak demand, generally maximum consumption in winter 

early evenings and maximum generation on summer afternoons. The focus in this analysis on peak 

load and generation days is aimed at highlighting the effectiveness of these interventions during the 

extremes of LV network performance and will assist in concentrating subsequent analysis in this area. 

Some standout observations reveal that: 

I. The time-of-use customers appear to exhibit lower demand between approximately 17.30 and 

21.00hrs on the 6th and 7th September 2012 (nominal summer peak) compared to the baseline regular 

electricity customer group of test cell 1a. This is not quite aligned with the peak use tariff band of 

16.00-20.00hrs; it is however likely those customers will be travelling home from work before 17.30, 

and it seems unlikely that customers will suddenly start using energy again as soon as the peak rate 

tariff ends. However, further social analysis of these customers will help shed light onto their 

relationship with their tariff. 

Analysis of test cell 9a will be repeated in a future report with winter 2012 data for the time-of-use 

customers; it is possible that the additional demands of winter reduce or obviate the apparent effect 

of the tariff so care must be taken in interpreting this result as a general statement on time-of-use 

tariffs. The impact of payback at the end of the peak charging period requires further analysis, 

particularly for winter, where the ability of customers to be flexible with their time of energy use may 

be reduced, to verify that this offering actually provides an overall benefit to networks. As well as the 

need to conduct detailed modelling of this customer grouping to provide a level of statistical 

confidence in the results, there is a need to determine whether there is a lasting effect from joining 

the tariff scheme or whether the novelty wears off in time. 

II. In general, solar PV customers exhibit higher total energy consumption on a daily basis as well 

as a higher peak use compared to customers in the base case test cell 1a. 

III. Monthly energy consumption plots for base case solar customers (test cell 5) suggest that those 

customers with no form of additional intervention show a tendency to use more energy during both 

the summer and winter periods when compared to test cell 1a. This seems surprising, and speculation 

as to why this might be so would include general attitudes to energy use held by PV owners, their 

socio-demographic groupings and lifestyles. Subsequent work will investigate this further; in particular 

a linking up of the CLNR social studies will be important here. This class of customers however do 
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appear to show a tendency to use more energy during the daytime, and slightly less in the early 

evening, than those in test cell 1a. 

IV. Solar PV customers with manual interventions (test cell 20 manual) do not show a marked 

difference in electrical demand compared to the test cell 5 control group when examined over a two 

day period but show a higher summer and winter monthly consumption for the months analysed, 

Figure 32 and Figure 33. 

V. A clear difference in monthly demand is noticed between the test cell 20 automatic and manual 

groups as would be expected from the presence of electric water heating. Besides the difference in 

consumption between the two groups there appears to be very little change in energy requirements 

for the examined summer and winter months for the automatic in-premises balance customers. This 

seems to suggest that demand for hot water is near constant for both periods. 

VI. Examining the relative peak demands appears to show that although energy consumption for 

test cell 20 auto customers is larger throughout the day in both seasonal periods, the proportion of 

their energy used at peak periods does appear to reduce. Although consumption was higher for this 

group than all other customer groupings, during the summer period the relative proportion of energy 

used over the peak period was lower than that of the other solar PV test groups. Even in winter, the 

proportion of energy used in the early evening seems lower than the other groups. 

VII. Solar PV customers with automatic in-premises balancing show a notably reduced net export 

profile. To a degree this is not surprising as the balancing equipment is designed to carry out this 

function by acting as a dump energy storage. What is more surprising is that the evening demand 

(excluding the generation) is lower than the daytime consumption and may be lower than that of 

general PV customers (test cell 5). A more detailed investigation will need to be done to understand 

this apparent effect. 

In addition to the summary plots presented it is the project’s intention to carry out further analysis to 

gain a richer understanding of the diversity for all customers. Understanding the spread is important 

when exploring differences between customer groups. For each test cell a study of relative frequency 

plots of the average maximum consumption is proposed. This will allow a visualisation of when the 

different customers in a particular test cell use their maximum energy demand. To obtain a more 

accurate account, rather than just of two particular days, similar plots can be computed for all 

weekdays in the week for a given month and likewise for the weekend days of that month. 
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Appendix A: Datasets 
The following datasets accompany this report and can be downloaded from the CLNR website15. Data 

are contained in Microsoft Excel files and all graphs in this report are reproducible from this data. 

1. All_profile_data.xlsx. Contains unadjusted and normalised profiles for the two test days in 

September and January, aggregated across all customers in the trial on the given days for all test cells 

examined in this study (test cells 1a, 5, 9a, 20auto and 20manual). Profiles are presented as mean and 

median power, as well as 5th and 95th percentiles. For the solar test cells, the PV export is presented as 

well as the whole house import / export profile. 

2. Mean half hour monthly demand.xlsx. Daily mean demand profiles for test cell 1a, one per month 

from June 2011 to May 2012 inclusive. 

3. TC1 vs TC9 means.xlsx. Comparative profiles, test cell 1a vs test cell 9a for September 2012. 

4. TC1_Solar PV mean and normalised.xlsx. Comparative profiles for solar intevention studies (test 

cells 20auto and 20 manual) vs base cases test cell 5. Also presented is a comparison of test cell 5 with 

test cell 1. Profiles are presented for the two test days in January and September, in unadjusted and 

normalised formats. 

4. TC9 intervention means.xlsx. Figures for the comparison of a group of test cell 9a customers before 

and after joining the time-of-use trial, as described in section 3.1.2. 

5. Total monthly consumptions_Sept_Jan.xlsx. Individual anonymous trial participant monthly 

consumption figures for all test cells for September 2012, January 2012, and January 2013. These 

figures allow reproduction of the energy use histograms in sections 2.2.2, 3.1.2, 3.2.2 and 3.3.2. 

  

                                                      
15

 http://www.networkrevolution.co.uk/  

http://www.networkrevolution.co.uk/
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Appendix B: Domestic load summary by socio-

demographic groupings 
This section shows graphs of all 8090 test cell 1a customers grouped by socio-demographic variable. 

These graphs are all for the 16th and 17th January 2012 and show the mean demand per half-hour for 

customers in each demographic sub-grouping. Further details of the stratification of Test Cell 1a can be 

found in (1). It can be seen from the graphs that: 

 The presence of young children or older residents (over 65s) in a household, the income of the 

household, and whether or not the resident is renting or owns the property, are factors that 

appear to cause significant variation in mean demand, particularly the peak demand. 

 Rurality has a minor effect on demand except for rural off-gas customers who demonstrate a 

significant additional demand for electricity at peak times. 

 The thermal efficiency of the residence appears to have little effect on electricity demand. 

 Socio-demographic classification appears to have little effect on customer categorisation (i.e. 

shape of the graph), except for in the case of properties with young children and older 

residents, and for rural properties. 

Selection bias in test cell 1a must be acknowledged when interpreting these findings. Test cell 1a 

customers are drawn from a population of existing British Gas smart meter customers, 50% of whom 

reside within Northern Powergrid’s operating region, and 50% in the rest of the UK. Further CLNR 

studies will develop more detail concerning the sub-demographic breakdown of test cell 1a. 

 

Figure 44: Mean demand for households with and without young children and 65+ year-olds 
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Figure 45: Mean demand for four rurality classifications 

 

 

Figure 46: Mean demand for renting and non-renting households 
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Figure 47: Mean demand for three household thermal efficiency ratings (SAP proxy rating) 

 

Figure 48: Mean demand for three income classifications 
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