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Executive Summary  

Low Carbon London has pioneered the development of formal contractual 

arrangements for the provision of generation-led and demand-led demand side 

response (DSR) services to DNO. In this context, the key objective of this report is to 

understand and characterise the performance of DSR services within the 

distribution network, in order to inform future smart distribution network operation 

and planning. It begins with an analysis of baselining methods for DSR and is 

followed by an analysis of data gathered from the Low Carbon London trials to 

assess the performance of the participants. Use of a bottom-up physical model to 

demonstrate the assessment of the potential demand-led DSR capacity of a building 

is then described. DSR currently provides more than 500MW of capacity for short 

term operating reserve (STOR) in the UK. However, there are still barriers to 

participation in DSR programmes, especially regarding demand-led DSR. The report 

ends with a qualitative analysis of these barriers.  

Recognising that the baselining method is key to measurement of DSR performance 

and payback (or ‘take-back’), present baselining practice, including both asymmetric 

and symmetric high five of ten is investigated. It is found that asymmetric high five 

of ten (HFoT) performed less well than symmetric HFoT in the trials, but that the 

difference was small. In addition a novel method called ‘similar profile five of ten’ 

(SPFoT) was developed for Low Carbon London. This is based on selecting daily 

profiles of similar shape to build the baseline and is designed specifically for 

analysing the hotel events in the trials which were observed to have very varying 

profile shapes. However, across all events it was found that the advantage of SPFoT 

was marginal. Our analysis of different baselining methods suggests that it might be 

appropriate to consider alternative methods depending on the shape characteristics 

of a sites load. 

The demand response trials exercised both genuine demand-led and generation-led 

DSR and were designed to relieve network congestion at peak. By measuring 

compliance1 it was found that, for the most part, the resources performed as 

requested. Generation-led DSR was found to deliver 95% of the requested response 

for 30% of summer 2013 and winter 2013/14 events, and demand-led DSR was 

found to deliver 95% of the requested response for 48% of these events. 

Considering generation-led DSR alone, performance was significantly better in 

summer than winter with sites delivering 95% of the requested generation in 42% of 

summer events, but only 18% of winter events. Similar 95% compliance figures for 

demand-led DSR are 62% for summer and just 8% for winter. The small winter figure 

may be driven by the lack of chiller load in winter and the predominance of gas in 

heating of buildings. 

Within the Low Carbon London trials, events were triggered in one of two ways: (1) 

in the first case, events were triggered manually, to simulate a control engineer 

                                                           
1
 Compliance is the percentage of time during a DSR event that a site maintained its 

turndown or generation above the amount specified by contract. 
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reacting to existing SCADA alarms and then telephoning the demand-side 

aggregator or an individual site to trigger an event; (2) dedicated SCADA alarm was 

generated which was immediately shared with the aggregator or an individual site 

in order to request a response. The control engineer was notified rather than 

expected to intervene. This second case was enabled by ‘Active Network 

Management (ANM2)’ equipment. ANM triggered calls delivered the requested 

response for 86% of events, phone triggered calls, 93%. The number of events 

trialled at each site was quite small and no site stood out as having a particularly 

poor response to calls. For these reasons it is not possible to differentiate between 

individual sites in terms of response to calls. The majority of events started on time 

or early, which is re-assuring for the DNO’s considering DSR as a tool for managing 

network capacity. As expected, the ANM triggered events were somewhat more 

timely. Compliance for ANM triggered events during winter events was much worse 

on average than it was during the summer trials. 

Trials included 11 hotels and these responded to calls to turn down during summer 

2013 and winter 2013/14 in 83% of events - lower than average. Late starting was 

also a problem with 15% of these events starting late. However, the ability to 

maintain the required level of turn-down was much better than average, with this 

achieved in 78% of events. 

A novel bottom-up physical model of a building was made for Low Carbon London 

to assess and analyse the potential DSR capacity of a building. The model is 

designed for aggregators to understand the potential impact of alternative DSR 

strategies on the comfort and service levels and quantify the buildings response 

under different operating regimes and weather conditions. The model would be 

especially useful in more extreme weather conditions, where historical data may 

not be available. In addition, by spreading the turn-down around a number of zones, 

it can be ensured that no single zone becomes uncomfortably hot. This may be a 

valuable tool for the wider supply chain of demand side aggregators and energy 

management consultancies as they seek prospect DSR opportunities. This model 

could also provide information to DSR providers regarding the potential risks to 

comfort and service levels. Given the data available the model was found to 

produce robust results, closely replicating the building load for separate events. 

Existing practice does not recognise the phenomenon of payback (or ‘take-back’). 

Payback was, in fact, observed in most demand-led DSR events in the trials, 

producing sharp peaks that, in the case of the hotel sector, varied between 15% and 

270% of the pre-event load. The amount of energy recovered during payback was 

wide-ranging, but quite small on average, showing that as much as 80% of energy 

demand was curtailed during events.  It was also found that there was a good 

correlation between the payback peak height and maximum demand-led DSR turn-

                                                           
2
 ‘ANM’ is the system installed by project partners SGS to automatically trigger a DSR event 

when a chosen substation exceeds a load set point. 
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down for the hotel sector. The level of payback may therefore be predicted, within 

limits, for a given turn-down. 

Finally, a qualitative analysis of barriers to participation in DSR was made. It was 

found that the most significant barriers related to negative perceptions of potential 

risks to comfort and service levels, as well as fears around costs, time, equipment 

and other resources. These negative perceptions were found to outweigh technical 

and financial barriers to participation.  
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Glossary  
Active Network 

Management 

(ANM) 

The use of IT, automation, measurement and control 

technology to maintain the distribution network within 

operating limits and constraints in real time. The system 

installed for the Low Carbon London trials. 

Aggregator Company ‘aggregating’ the DSR of end-use customers and 

selling the combined response on to DNO’s or the 

transmission network operator. 

Baseline Electricity consumption of a customer in the absence of a DSR 

event. This is a ‘counterfactual’ and can therefore only be 

estimated. 

Building 

Management 

System (BMS) 

Automated system for controlling HVAC systems and other 

building equipment related to comfort of occupants by 

maintaining temperature and humidity within set limits and 

minimising energy use. 

Combined Heat 

and Power (CHP) 

Equipment for co-generation of electrical and thermal energy 

to minimise overall energy use. 

Demand Side 

Response (DSR) 

Changes in electricity usage by end-use customers from their 

normal consumption patterns in response to incentive 

payments or price changes.   

Demand-led DSR End-users are incentivised to reduce their demand on the 

distribution network by turn-down of one or more high power 

devices such as comfort chillers. 

DSR event Load curtailment by demand-led DSR or generation-led DSR 

for a period scheduled by the aggregator or DNO 

Generation-led 

DSR 

In generation-led DSR, back-up generators are usually 

switched on in response to an incentive payment or price 

change. Network-connected generators may also be used to 

displace site load. 

Heating, 

ventilation and air 

conditioning 

(HVAC) 

System of equipment designed to provide the capacity to 

adequately heat and cool a building. 

High Five of Ten 

(HFoT) 

Industry standard method for creating a DSR baseline by 

taking the average of demand profiles for the five highest 

energy use days out of the preceding ten non-event business 

days. 
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Similar Profile Five 

of Ten (SPFoT) 

As high five of ten, except that, instead of selecting profiles 

from the five highest energy use days for averaging, those 

with most similar profiles are selected. 

Turn-down Turning off or down of a device in a DSR event. 
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1 Introduction 

1.1 Industrial and Commercial Demand Side Response in the Future 
Distribution Network 

Peaks in electricity demand in the UK are expected to increase in size substantially 

over the coming decades as a result of the move to electrification of transport and 

space heating [1][2][3]. Measures to reduce loads on stressed elements of the 

distribution network, facilitated by the move from a passive to a smart grid, are 

needed to defer costly network reinforcements. One of the key measures is very 

likely to be demand side response (DSR) by industrial and commercial (I&C) 

consumers. The potential DSR of I&C consumers in the UK has been estimated to be 

between 4% and 30% of their peak demand [4]. It is expected to grow greatly in 

importance and may provide as much as 15% of all flexible demand by 2030 [5]. 

Urban areas, especially London, with its wide range of commercial buildings, are 

very well suited to DSR. However, the quantity of this potential DSR capacity, how it 

can best be drawn on and with what level of performance need to be much better 

understood. The Low Carbon London (LCL) trials described in this report were 

designed to address these questions and establish the performance of demand-led 

and generation-led DSR in the London distribution network. Hence the contribution 

to security of these resources can be established and used to inform network 

planning in future reports. The trials involved 26 I&C sites carrying out a total of 185 

DSR events split approximately evenly between turn-down or load reduction and 

the use of on-site generation to offset on-site demand and potentially export 

power. The trials took place in the summer of 2013 and winter 2013/14 following a 

pilot trial.  In addition to these trials, 43 interviews with facilities’ energy managers, 

aggregators, DNO’s and utilities were carried out to study the barriers to 

participation in DSR programmes. 

DSR may either be demand-led or generation-led. In both cases end-users are 

incentivised to reduce their demand on the distribution network: in the former case 

by turn-down of one or more high power devices such as comfort chillers; in the 

latter by using self-generation (usually by back-up) to displace their site load. In the 

UK DSR is now established as a means of supporting the transmission network, but 

as yet it has not been taken up by all DNO’s. In contrast to DSR programmes for the 

system operator of the National Grid, programmes for the distribution network 

would have to respond to very localised problems such as overloading of a 

transformer or a fault in the network. Consequently, DSR for the distribution 

network would have to be localised itself, offered only by sites connected to the 

affected substation or feeder. The method by which this form of DSR is incentivised 

therefore needs to be adapted to suit these different conditions. Low Carbon 

London has achieved this by using a similar, but differently priced commercial 

propositions to I&C customers. 
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1.2 Key Objectives 

The purpose of this report is to understand and characterise the performance of 

generation-led and demand-led generation within the distribution network. In order 

to achieve this the following key objectives were identified: 

 To assess different methods of baselining using historical data in order to find 

the most appropriate for measuring demand-led DSR performance. 

 To assess the reliability of demand-led and generation-led DSR during the LCL 

trials. 

 To show how bottom-up physical modelling may be used to complement 

historical data of the kind collected in the trials in order to establish the 

potential demand-led DSR capacity of a building, especially in extreme weather 

conditions.  

 To study the payback effect, the potential for predicting it and how it may be 

mitigated. Payback is the result of recovering to a previous state, often 

recovering comfort cooling back to its previous temperature. It should be 

recognised as an important aspect to network planners as they plan DSR events. 

 To make a case study to find the effective demand response contribution of a 

portfolio of DSR participants from the trials to network security of supply. 

 To make a qualitative analysis of the barriers to participation in DSR 

programmes. 

 To recommend further work and trials required to implement these methods as 

standards. 

 

1.3 Previous Work 

These trials are the first in the UK on this scale. Previous attempts to assess 

demand-led DSR potential have typically been through modelling exercises. In two 

studies ([4] and [6]) the DSR potential of I&C consumers in the UK was estimated to 

be between 4% and 30%, given certain assumptions about load flexibility. The wide 

range reflects the difficulties in precisely quantifying levels of flexibility leading to 

estimates based on three scenarios: ‘conservative’, ‘moderate’ and ‘stretch’. The 

study by Element Energy and De Montfort University [4] undertook a data modelling 

exercise to analyse demand profiles in a selection of commercial buildings using 

half-hourly meter data and a consultation to gather information on electricity 

demand, consumer engagement and barriers to DSR. It concluded that DSR services 

could reduce the winter peak demand (of which non-domestic buildings made up 

15GW) by 1GW to 4.5GW (or 0.6GW to 2GW where no flexibility was available from 

lighting). It also reported that 3 sub-sectors of end-user: education; retail and 

commercial offices; make up more than 50% of overall demand, but suggests that 

engagement from all other sectors would also be needed to take full advantage of 

DSR. However, without field trials neither study was able to assess the performance 
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with which these DSR levels might be achieved. The Low Carbon Network Fund has 

provided a mechanism for carrying out such field trials of DSR. 

A great deal of research has been done on baselining, especially in the United 

States, where DSR is much better established. A brief review is given in section 3.1. 

To the best of our knowledge, this report is the first time that a real DSR event in 

the Great Britain has been used to calibrate a bottom-up model of the energy usage 

in a building, and its potential for load reduction.  
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2 Trials description 

2.1 Choice of sites 

Sites for the trials were chosen to represent both forms of DSR. Fewer generation-

led DSR sites were chosen, but more DSR events took place at these sites so that the 

division of events between demand-led and generation-led was fairly even. The 

trials occurred over 3 months in the summer of 2013 (June, July and August) and the 

winter 2013/14 (December, January and February) following a pilot study in winter 

2011/12. Sites were chosen to represent a number of different sectors. The hotel 

sector was well represented by a selection of 11 hotels. Other sites included water 

pumping stations, offices, a hospital, a data centre and a department store. Figures 

2.1 and 2.2 show classifications of all the trial sites for summer 2013 and winter 

2013/2014. Sites with a range of DSR capacities were chosen. The generation-led 

DSR sites had a significantly higher contracted amount of DSR (varying between 

1000kW and 3000kW) than the demand-led DSR sites (20kW to 800kW). All of the 

demand-led DSR sites attempted to fulfil their DSR contracts by HVAC load 

reduction, except for the four water pumping stations, which turned down water 

pumps. 

 

Figure 2.1: Classification of the trial sites for summer 2013 

24 Trial sites 
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HVAC (12) 
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Water pumps 
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Data centre (1) 

Department 
store (1) 

Exhibition 
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CHP (2) 
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DSR method 

Equipment 

Building type 

KEY 
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Figure 2.2: Classification of the trial sites for winter 2013/2014 

 

2.2 DSR Events 

 

Figure 2.3 Distribution of events in the summer 2013 trials 
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Figure 2.4 Distribution of events in winter 2013/14 trials 

DSR is useful in circumstances when load exceeds the remaining capacity on a 

substation following a fault. The purpose of the trials was to test the days and times 

which would be of most use to the DNO, and therefore concentrated mainly on 

business days and for the most part during business hours, although there were a 

small number of evening events. Figures 2.3 and 2.4 show how they were 

distributed. All demand-led DSR events were one hour in length; generation-led DSR 

events varied in length between 1 and 3 hours. Typically, aggregators are able to 

make these equivalent by staggering start times within a portfolio (whilst 

accounting for any payback from other sites in the portfolio completing their load 

reduction event). 

Events were administered through the agency of several aggregators who drew up 

contracts with each of the site owners in the trial. These contracts specified an 

amount of turn-down or generation-led DSR (in kW) that sites must adhere to 

during each minute of the event. The DNO measured the DSR response for each 

event in kWh, paid the aggregator accordingly and these payments were then 

passed on to the sites. This is very similar to the way in which emergency or 

reliability programmes are operated by transmission network operators (TNO’s).  

Variations in DSR capacity between summer and winter would be expected, 

particularly for HVAC turn-down, where less air cooling is required in winter. 

Seasonal variations of demand in Great Britain are normally analysed with summer 

and winter seasons because these seasons have days with extreme conditions of 

weather and natural light. The major differences of electricity demand are marked 

by extreme temperatures, solar radiation, natural light and human behaviour 

between the two seasons. The electricity demand in winter is associated with the 

use of heat pumps or electric heaters in dwellings for heating the environment; use 
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of kettles and ovens for hot meals and beverages plus an early use of lighting 

because the days are darker. 

In summer the demand is associated with the use of air conditioners installed 

mostly in buildings and not in dwellings, the use of lighting is reduced and cold food 

and beverages replace hot food and beverages. 

These were the reasons for trials covering both summer and winter. 

2.3 Event Triggering 

Within the Low Carbon London trials, DSR events were triggered in one of two ways. 

In the first case, events were triggered manually, to simulate a control engineer 

reacting to existing SCADA alarms and then telephoning the demand-side 

aggregator or an individual site to trigger an event. Following this the aggregator 

would make a confirmation call to each site manager, requesting turn-down at the 

requested time for the scheduled duration. It was left up to the site manager how to 

do this, though no site manager had a choice between generation-led DSR or 

demand-led DSR – each kept to one or the other throughout the trials. 

In the second case, a new dedicated SCADA alarm was generated at one of three 

monitored primary substations when a load set point was exceeded. This signal was 

sent directly to the aggregator control room who dispatched pre-defined portfolios 

from this signal either by contacting the site or dispatching the site’s asset from the 

control room.  The dedicated SCADA alarm was generated by ‘Active Network 

Management (ANM)’ equipment installed by project partner SGS. This is known as 

‘ANM triggering’ from here on.  

2.4 Summary of data collected 

The following data were collected: 

 Time series: 

o One minutely load profiles from each of the sites (active power in kW). 

These measurements were continuous during the winter trials and 

covered business days for the summer trials. 

o Half-hourly site meter data (energy used in each settlement period in 

kWh). 

o Load profiles for transformers at a small selection of primary 

substations connected to sites in the trials. 

o Load profiles for a small number of feeders linked to sites in the trials. 

o At the particular load reduction site of a large hotel: 

 External temperature: hourly data covering the period of the trials. 

 Solar radiation with 15 minute sampling interval for 28th August 

2013. 

 Area, number of floors and orientation of building. 
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3 Analysis 

This section is divided into five topics: baselines, performance, payback, a case study 

and barriers to participation. Findings for each are described in section 4. 

3.1 Baselines 

The industry standard baselining method, asymmetric high five of ten (HFoT), was 

used to settle contracts for all demand-led DSR during the trials. As all generators in 

the trials were back-up generators, only switched on for events, their base-lines 

were set to zero and no baselining methodology was required. Asymmetric (HFoT) is 

described in section 3.1.2 below. It is used in current DSR programmes operated by 

National Grid, such as STOR, because it offers an excellent compromise between 

simplicity, accuracy and robustness. However, it may not be the best choice for use 

in distribution networks where compliance (section 3.2.3) for individual sites is more 

important. For this reason other baselines were considered for analysis in this 

report. The chosen baselines would be practicable for industry use, but also central 

to a framework for analysing the performance of demand-led DSR and generation-

led DSR during the trial, so it was necessary to select a baselining method providing 

a balance between accuracy and simplicity. The choice was limited by the amount of 

data available as the more sophisticated methods require large amounts of 

historical data. Four types were investigated: the industry standard ‘high five of ten’ 

(this has ‘asymmetric’ and ‘symmetric’ version, explained in section 3.1.2; a novel 

method - ‘similar profile five of ten’ and a curve fitting approach. 

3.1.1  Demand response baselines 

Demand response baselines provide an estimate of the electricity that would have 

been consumed by a customer in the absence of a DSR event. They are essential for 

aggregators, DNOs and end-users to measure performance during an event. 

Baselines are especially challenging to create because they represent the 

‘counterfactual’: that is, what the site load profile would have been had the DSR 

event not taken place. They can therefore never be better than an estimate. 

The Demand Side Response contracts issued by Low Carbon London are similar to 

many other DSR contracts, including payments for availability (i.e. being available to 

perform) and payments for utilisation (i.e. being called to perform). From both the 

perspective of the DSR site and the DNO, the purpose of the baseline is to establish 

a clear and contractually robust definition of the response which is required. From 

the DNO’s perspective, the baseline also avoids overpaying utilisation payments. 

Since these are typically an order of magnitude larger than the availability payment, 

it is worth paying attention to baselining.  

There are two basic approaches to building baselines: historical data and physical 

modelling. The former constructs the baseline by extrapolation from historical data; 

the latter uses physical modelling of the building in question to predict what the 
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load would have been had no event occurred given the weather conditions at the 

time. 

As mentioned in section 1.3, there is an extensive literature on baselines using 

historical data. Aggregators and DNOs most commonly use relatively simple ‘high X 

of Y’ baselines [9] [10] similar to the ‘High Five of Ten’ baseline described in section 

3.1.1, below.  

More sophisticated methods include linear regression models, calibrated 

simulations, Fourier series models and neural network models (discussed in [11]). In 

[12] several methods for residential load prediction are discussed: non-linear 

models using, for example, locally weighted regressions; ‘bin’ models (load 

predictions for a particular time period are based on the average load for other time 

periods sharing the same weather conditions and time of day) and nearest 

neighbour models (current load is predicted to be as it was when previous 

conditions were closest to current conditions). Other methods include exponential 

smoothing, ARIMA and regression with principal component analysis (these are 

compared in [13]). All these more elaborate methods rely on extensive historical 

data which was not available for the trials. 

Demand response baselining methods may also be divided into two types: 

predictive methods and analytic methods. Predictive methods are based only on 

profile data prior to the event.3 Aggregators and DNOs use these for DSR events 

because they require real-time measurements of the turn-down. Analytic methods 

may also use profile data following the event and are not as restricted in complexity. 

They are therefore more accurate. These baselines may be used in studies of DSR 

performance, such as this report, or for initial assessment by energy managers prior 

to the initiation of a DSR programme. 

The following sections contain descriptions of four types of baseline considered for 

data analysis in this report. 

  

                                                           
3
 Other authors define ‘predictive’ methods differently. 
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3.1.2  High Five of Ten 

 

 

 
Figure 3.1 Flow chart showing how asymmetric and symmetric high five of ten 

works 

  



 19 

 

Figure 3.2 Choosing the high five of ten. 

High Five of Ten (HFoT) is the most widely used baselining method for DSR in the 

UK, used by aggregators and DNOs to settle contracts with National grid, mainly for 

STOR4. Load profiles for the five highest energy usage days out of the last ten 

business days (excluding other event days) are averaged to produce a 24 hour 

‘customer baseline’. The selection of days is illustrated in figure 3.2 ‘Y’ in this case is 

10 days (in yellow); ‘X’ is five days – those with highest energy use. Weekends, 

holidays and prior events are excluded. From this, two possible versions of an HFoT 

baseline may be obtained: asymmetric and symmetric. 

In asymmetric HFoT the load profile in a 2 to 4 hour period prior to the event (the 

specific size for the trials is shown in figure 3.1) is compared with the customer 

baseline in the same period: if the customer baseline is the lower of the two, then it 

is shifted up by the average difference between the two profiles in the period and 

used as the baseline; however, if the customer baseline is higher, then no shift is 

made and the customer baseline is used unchanged. The rationale is that a 

customer may decide to shut down equipment in the hours prior to an event in 

anticipation of the deadline. If the shift down were allowed in this case, the baseline 

would misrepresent the non-event load. This is the method that was used during 

the Low Carbon London trials to settle payments. It is the industry standard. 

Symmetric HFoT is the same as asymmetric, except that if the customer baseline is 

higher it is shifted up. The resulting baseline is therefore more accurate. 

3.1.3  Similar Profile Five of Ten 

For analysis in this report a novel method similar to HFoT was used. As in HFoT, a 

selection of five profiles was made from the ten non-event business days prior to 

the DSR event and these were averaged and shifted as in symmetric HFoT. However, 

instead of taking the five days of highest total energy usage, the five days with the 

most similar profiles were chosen. A correlation coefficient was used to make this 

selection. This was a small improvement on symmetric HFoT, as shown in section 

                                                           
4
 Short Term Operating Reserve (STOR) is a service for the provision of additional active 

power to National Grid from generation-led or demand-led DSR. 
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3.1.4 below. It is to be expected that different methods are appropriate for different 

demand profiles and that SPFoT would be suited to more variable profiles like those 

of the hotels in the trial and this was the reason for the choice. Section 3.1.4 

describes the validation of this. 

3.1.4 Baselining Method Validation 

In order to compare the above three methods, all three were used to calculate 

baselines for a random sample of 27 non-event days in the trials. The root mean 

square (RMS) of the differences between the baseline and the real load 

measurements for the period in the non-event day corresponding to a DSR event 

was then calculated. This showed marginally improved performance for the similar 

profile five of ten (SPFoT) method, with an average RMS deviation expressed as 

percentage of pre-event load of 7%, compared with 11% for symmetric HFoT and 

18% for asymmetric HFoT. Asymmetric HFoT does not shift down the customer 

baseline if it is higher than the event-day profile, so these figures support the 

expectation that it would consequently be less accurate. As curve fitting uses data 

from the day of the event only, it cannot be assessed in the same way. 

3.1.5 Curve Fitting 

As an alternative, a curve fitting method was tried. Here profile data either side of 

the event was selected and a regression technique used to fit a curve through this 

data to form the baseline. As data after the event are required for the curve fitting, 

this method is only suitable for analysis. The method is illustrated in figure 3.3 

below.  
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Figure 3.3 Twelve Demand Response (demand-led DSR) Events for an office building 

with curve fitting 

3.1.6 Conclusions 

To settle contracts during the trials, asymmetric High Five of Ten was used. On 

analysing this method it was found to be somewhat less accurate than symmetric 

HFoT or SPFoT. It is to be expected that accuracy will be especially important in the 

distribution network context, where one or two high demand customers may 

significantly affect a substation or feeder. In this case, high compliance, that is 

maintaining the turn-down or generation above the contracted amount for as much 

of the duration of the event as possible, is much more important and an accurate 

baseline is needed to measure it. It may be appropriate to make the high 

compliance part of the contract between the customer and the aggregator or DNO. 

Asymmetric HFoT especially produces an artificially high level of compliance when 

the customer baseline is above the event profile, because no shift down is made. 

However, asymmetric HFoT is usually preferred to the symmetric version because it 

prevents customers from being penalised for turning-down early (in the 2 hour 

period prior to the event) in which case the baseline would be artificially low. This 

problem would still occur in the distribution network context.  In addition, it was 

found in section 3.5 that a significant barrier to participation in DSR was the 

perceived complexity. The introduction of additional baselining methods would 

strengthen this barrier.  
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The new method developed for Low Carbon London, Similar Profile Five of Ten 

(SPFoT) is akin to HFoT, but is more appropriate for very variable demand profiles. 

With further testing it may prove more appropriate than HFoT in these conditions. 

SPFoT was employed as the basis for DSR performance measurements during the 

trials. 

Both HFoT and SPFoT are predictive methods, using no data following the event. 

Curve fitting, however, is an analytical method requiring data prior to and following 

the event. It has the advantages that little historical data is required and that it can 

cope better when events occur on days of atypical load, as it takes account of the 

profile following the event. Curve fitting works best when baselines are slowly 

varying: the baseline of a hotel, for example, shows variations on a time scale 

smaller than the width of the generation-led DSR events in the trial - the (FoT) 

methods are better than curve fitting in this situation. Hotel load profiles are, 

however, typically quite variable day to day. SPFoT is designed for use in this 

situation. As discussed in section 3.3.1, FoT methods are more appropriate for 

measuring payback energies as they more accurately define the end of payback. 

In the future a range of methods may be needed for baselining in the distribution 

network, both for analysis and for use by aggregators and DNOs. For the latter the 

benefits of improved accuracy would need to be weighed against the problems 

caused by extra complexity and potentially penalising customers for starting turn-

down or generation early. Other factors such as site-to-site variations in service 

level agreements should also be considered. The overriding message is that DSR in 

the distribution network is different in nature to DSR for the national grid, so it is 

appropriate that current baselining practice be reviewed before it is applied in the 

distribution network.  

 

3.2 Performance 

In order to assess the performance of DSR during the trials, four aspects were 

considered: the measurable response, timeliness, compliance and 

underperformance of all the events in the trials. 

3.2.1  Measurable Response 

The simplest measure of performance is whether sites were seen to make any 

measureable response at all to the DSR call.  

Figure 3.4 shows a breakdown of all the trial events. This includes summer 2013, 

winter 2013/14 and 25 other events from earlier pilot trials. These 25 events from 

earlier trials are only assessed in this section (3.2.1) for measurable response and 

section 3.2.2 on timeliness. 
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Figure 3.4 Breakdown of all trial 185 events by response, triggering and DSR type 

As the figure shows, 90% (166) of calls to reduce load or start generation were 

responded to.  

Of the 94 ANM triggered calls, 86% (81) were responded to and of the 91 phone 

triggered calls, 93% (85) were responded to, so no significant difference was found 

in terms of the response to the two triggering methods. This is re-assuring, since the 

purpose was to improve timeliness rather than reliability. 

  

10% 

90% 

Response to calls 

No measurable
response: 19 events

Measurable response:
166 events

49% 
51% 

Triggering 

ANM triggered: 94
events

Phone triggered: 91
events

56% 

44% 

DSR type 

Demand-led DSR: 103
events

Generation-led DSR: 82
events
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Total number of events: 185 

No measurable response to calls: 19 

events (10%) 

Measurable response to calls: 166 

events (90%) 

ANM triggered: 13 

events (7%) 

Phone triggered: 6 

events (3%) 

ANM triggered: 81 

events (44%) 

Phone triggered: 

85 (46%) 

Demand-

led DSR: 

13 

events 

(7%) 

Gen-

led 

DSR: 

0 

events 

Demand-

led DSR: 

3 events 

(2%) 

Gen-

led 

DSR: 

3 

events 

(2%) 

Demand-

led DSR: 

46 

events 

(25%) 

Gen-

led 

DSR: 

35 

events 

(19%) 

Demand-

led DSR: 

41 

events 

(22%) 

Gen-

led 

DSR: 

44 

events 

(23%) 

Table 3.1 How the 185 trial events were partitioned by response to call, triggering 

method and DSR type 

Of the 82 generation-led DSR events, 98% (79) were responded to, whereas 84% (87 

out of 103) of the demand-led DSR events were responded to, showing a better 

performance for generation-led DSR. The number of events trialled at each site was 

quite small and no site stood out as having a particularly poor response to calls. For 

these reasons it is not possible to differentiate between individual sites in terms of 

response to calls. By contractual agreement, any site which did not perform to a 

standardised agreed percentage of performance was penalised accordingly. The 

amount of utilisation payment received was reduced to the shortfall percentage 

unless UK Power Networks was noted prior to the event that the site was unable to 

offer DSR. All utilisation payments are based on their event performance 

calculations.   

In table 3.1 the partition of events is shown into response to calls, triggering type 

and DSR type. For the events with a measurable response there was found to be a 

reasonable sample size for each of the groups: demand-led/ANM triggered, 

generation-led/ANM triggered, demand-led/phone and generation-led/phone. 

These groups are studied in the following sections (3.2.2, 3.2.3 and 3.2.4). 

3.2.2 Timeliness 

Minute-by-minute load profiles were available for each site. This meant that it was 

possible to measure when events started and stopped in actuality and how different 

these times were from the scheduled times of phone or ANM triggering. Having 

verified that a high percentage of sites provided a measureable response, the 

question remains how compliant these responses were with the peak-shifting 

required at the substation, which were laid out in each contract. Timeliness may be 

viewed as one component of compliance, the other being how well the turn-down 
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or generation-led DSR level was kept above the contract level between the actual 

start and stop times (not looked at separately in this report, as it is visible in the 

compliance analysis). If this level is zero then there is no measurable response. 

 

Figure 3.5 Distribution of differences between Measured and Scheduled Start Times 

Figure 3.5 shows the distribution in the differences between measured and 

scheduled start times for all 166 events.  Negative differences correspond to events 

starting before the scheduled start time, which is quite possible as site managers 

are usually called 30 minutes in advance of the event. The histogram shows that the 

majority of events started on time or a little early. On average events started 5 

minutes before the scheduled start time. There were some late-starting events 

including some ‘outliers’ with a delay of 105 minutes in the worst case. There is 

always the possibility of unforeseen events preventing the start of turn-down, and 

this is what may have happened in these cases.  

When sites participate in STOR for National Grid they are required to respond to 

calls within up to 4 hours, but STOR units with a response time of 20 minutes or less 

are able to contribute to the optimal STOR MW level, used to help manage system 

security during unforeseen events. This requirement to respond during unforeseen 

events is the aspect of STOR that most closely corresponds to the application of DSR 
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in the distribution network. In the LCL trials, sites were typically required to respond 

within 30 minutes, a little more generous than the 20 minutes for the optimal level 

of STOR. Figure 3.5 indicates that, for at least 40% of DSR events, sites in the trial 

would be able to respond within 20 minutes. 

 

 

Figure 3.6 Distribution of Differences between Scheduled and Measured Start Times 

for Four Subsets 

In figure 3.6 the data from figure 3.5 is broken down into four subsets: generation-

led DSR/ANM triggered, generation-led DSR/Phone, Demand-led DSR/ANM 

triggered and Demand-led DSR/Phone. Sample sizes were 35 for generation-led 

DSR/ANM triggered, 41 for generation-led DSR /Phone, 46 for demand-led 

DSR/ANM triggered and 42 for demand-led DSR/Phone. It is noticeable here that 

the combination of generation-led DSR and phone is least reliable, with considerably 

more events starting late. This appears to be significant finding, since both data sets 

are of a similar size (35 events and 41 events respectively) and both data sets 

contain a variety of different sites and site operators. It may mean that the 

effectiveness of procedures on the customer site for starting generation, when it 

has not automatically started in response to loss of supply, are variable from site to 
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site. By contrast, the procedures for intervening with the Building Management 

System (BMS) seem to be more reliable and perhaps reflect a more ‘day-to-day’ 

activity. It could also be an indication of the reliability of standby generation plant. 

The mean start time was 12 minutes after the scheduled time for this subset, 

although more events started on or before the scheduled time (22) than did not 

(13). In contrast, the mean start times of the other three subsets were all 7 or more 

minutes before the scheduled start time. The most reliable subset was Demand-led 

DSR/ANM triggered with no events more than 14 minutes late. However, 37 out of 

46 events began more than 2 minutes early. The Demand-led DSR/ANM triggered 

subset was also quite reliable, with just 2 out of 32 events starting late, although 

this lateness was quite high at about 40 minutes. 20 of the events started more than 

2 minutes early. The final subset, Demand-led DSR/Phone, performed less well than 

the two ANM triggered subsets, but significantly better than generation-led 

DSR/Phone with no events starting more than 34 minutes late. As in the other 

subsets, there were quite a number (35/42) of early starts.  

 

Figure 3.7 Distribution of differences between scheduled and measured end times 
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Figure 3.7 shows the differences between scheduled and measured end times. 

Positive values indicate events ending after the scheduled end time; negative before 

this time. In the case of events ending, site managers were informed of the required 

event duration, but unlike event starting, there was no stipulation that site 

managers should end turn-down at the scheduled time. Only a small number of 

events (5) finished more than 4 minutes early. 55 out 156 events finished in an eight 

minute window around the scheduled event end time. However, 96/156 events 

finished more than 4 minutes after the scheduled end time with a few continuing 

for over a 2 hours. At first sight, if events extend past the end time, then it extends 

the benefit to the DNO, but is not rewarded with utilisation payments. It does, 

however, raise uncertainty about when any payback, which is discussed later in 

section 3.3, will occur.

 

Figure 3.8 Distribution of differences between scheduled and measured end times 

for four subsets 

Figure 3.8 shows the data in figure 3.7 broken down into the four subsets. Again the 

combination of generation-led DSR and phone performs worst with 4 out of 34 

events ending early and a significantly wider spread in differences. The generation-

led DSR/ANM triggered subset performed best with no early stops and no overruns 
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greater than an hour. The Demand-led DSR/ANM triggered and Demand-led 

DSR/Phone subsets performed to a broadly similar level. The late finishes observed 

in the whole set of events occurred both in generation-led DSR and demand-led 

DSR. In the case of generation-led DSR it may be that energy managers wanted to 

give generators a longer test. 

The four groups of trial sites mentioned in section 3.2.1 showed varying degrees of 

timeliness. Table 3.3 shows figures for events which either started late or finished 

early or did both. As noted above, there were very few early ends, and amongst 

these four groups there was just one early end for an office and two hotel events 

which both started late and finished early. 

Late starting was more of a problem. The fact that 15% of the hotel events started 

late suggests that the hotel sector is also a little unreliable in this aspect. Of the 17 

hospital events 3 started late; of the 18 pumping station events one started late and 

of the 14 office events, none started late. 

3.2.3  Compliance 

In this and following sections of the report events prior to the summer 2013 trials 

are not analysed, so that a comparison between summer and winter may be made. 

Compliance is a measure of how well sites performed during events. It is a simple 

percentage of the scheduled event duration during which the turn-down or 

generation-led DSR level (kW) was greater than the contracted amount. The turn-

down was calculated according to the measured (net) site demand and the site 

baseline, according to the simple High Five of Ten method used in the contracts for 

the trial. It is to the DNO’s benefit if sites deliver more than their contracted 

amount, and utilisation payments are capped at the contracted amount. As such, 

we are most interested in periods of under-delivery; and cannot make the 

assumption that any under-delivery will be matched by over-delivery by other sites, 

since there is no financial incentive to over-deliver.  

In figure 3.9, the turn-down started late, so there is a period of non-compliance 

prior to this. After the actual start the site complies fully so the compliance in this 

case would be the period of compliance divided by the period between the 

scheduled start and the scheduled end, expressed as a percentage. For this section 

of the report the two largest trial seasons (summer 2013 and winter 2013/14) were 

considered. By contractual agreement, any site which did not perform to a 

percentage of 95% performance was penalised accordingly. The amount of 

utilisation payment received was reduced to the shortfall percentage unless UK 

Power Networks was noted prior to the event that the site was unable to offer DSR. 

All utilisation payments are based on their event performance calculations. 

Aggregators operated under this commercial agreement so they could be judged 

against it. 
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Figure 3.9 The Compliance Metric 

 

 

 

Figure 3.10 Distribution of Compliances for all Summer and Winter Events 

Figure 3.10 shows the distribution of compliance percentages for all 145 measurable 

events occurring in the summer and winter trials. The histogram shows most events 

clustered at either end of the scale near 0% compliance and 100% compliance.  
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 Summer trials Winter trials 

generatio

n-led DSR 

Phone 

generatio

n-led DSR 

ANM 

triggered 

Demand-

led DSR 

Phone 

Demand

-led DSR 

ANM 

triggere

d 

generatio

n-led DSR 

ANM 

triggered 

Demand

-led DSR 

ANM 

triggere

d 

N of events 22 4 39 28 27 25 

With ≥90% compliance 10 3 30 16 5 4 

With ≥90% compliance, % 45.5% 75% 76.9% 57.1% 18.5% 16% 

With ≥95% compliance 8 3 29 13 5 2 

With ≥95% compliance, % 36.3% 75% 74.4% 46.4% 18.5% 8% 

With 100% compliance 2 2 27 12 3 1 

With 100% compliance, % 9.1% 50% 69.2% 42.9% 11.1% 4% 

Total (for 100% compliance) 
46.2% 7.7% 

32.4% 

 

Table 3.2 Levels of Compliance for events in the summer and winter Trials 

Taking data from table 3.2 shows that in 47 of all 145 events compliance was 100%, 

close to one third. Two thirds of events complied by 90% or better and a fifth 

complied by 10% or less. 
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Figure 3.11 Distribution of Compliances for Four Subsets of the Measurable Events 
for Summer and Winter  
 
In figure 3.11 the compliance distributions are broken down by subset. The ‘ANM 
total’ histogram shows that winter compliance was much poorer than summer. Only 
17% of winter events show a compliance of 90% or more compared with 59% of 
summer/ANM triggered events. 
 
The bottom row of histograms shows that summer demand-led DSR events showed 
better compliance than summer generation-led DSR events. 69% of Demand-led 
DSR events showed 90% compliance or better; 50% of generation-led DSR events 
showed the same level of compliance.  
 
As one aspect of the trials was to test the effects of automatic triggering and manual 
triggering on performance, a comparison was made. Comparing ‘phone total’ for 
summer with ‘ANM total’ for summer, compliance is fairly similar with 65% of 
summer phone triggered events showing 90% compliance or more and 59% of 
summer ANM triggered events showing the same level of compliance.  
 
The compliance of the four groups (hotels, hospitals, offices and water pumping 
stations) is illustrated in figure 3.12. The histograms (especially for hotels, where the 
sample size is larger) show a similar pattern to figure 3.10: the majority of events fall 
into the 90% or more compliance category with a significant number also in the 0% 
to 10% category. Table 3.3 provides some numerical data. Hotels performed 
especially badly during winter, with only one out of 15 events showing better than 
90% compliance, compared with two thirds of events in summer. The other groups 
did not show this poor level of compliance during winter. The percentage of events 
in which hotels complied by 90% or better was 52%. Similar figures for the other 
groups are less reliable: 65% for hospitals; 50% for offices and 78% for water 
pumping stations. 
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Figure 3.12 Compliance of 4 Groups of Trial Sites 
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 Hospitals Hotels Offices Water 

Pumping 

Stations 

Summer Winter Summer Winter Summer Winter Summer 

N of events 11 6 45 15 7 7 18 

With ≥90% 

compliance 

6 5 30 1 4 3 14 

With ≥90% 

compliance, 

% 

54.5 % 83.3 % 66.7 % 6.7% 57.1% 42.9% 77.8% 

With ≥95% 

compliance 

5 5 27 0 3 2 13 

With ≥95% 

compliance, 

% 

45.5% 83.3% 60% 0% 42.9% 28.6% 72.2% 

With 100% 

compliance 

3 3 26 0 3 1 11 

With 100% 

compliance, 

% 

27.3% 50% 57.8% 0% 42.9% 14.3% 61.1% 

Compliance 

total, % 

35.3% 43.3% 28.6% 61.1% 

Table 3.3  Compliance Levels for Four Groups of Trial Sites 
 
 
In summary, the vast majority of sites showed a measurable response, and few sites 
therefore triggered any of the ‘failure’ clauses in contract. However, a smaller 
fraction ranging between 42.9% and 83.3% of sites demonstrated greater than 90% 
compliance with all aspects required from the event (start time, end time, and load 
reduction). Greater than 90% compliance is the standard currently required from 
the system operator National Grid when procuring Short Term Operating Reserve, 
and therefore any performance above this level would likely require a premium in 
pricing. A particular issue was seen with the hotels providing turn-down in the 
winter season. 
 
The utilisation payments required to cover a shortfall in capacity on the distribution 
network will always be predictable, and will have to be commensurate with the 
physical turn-down which is required at the substation. However, there is a learning 
point that there needs to be sufficient flexibility in the business case when 



 35 

compared with conventional reinforcement, to allow some over-contracting of sites, 
and therefore increased availability payments. This over-contracting may be 
explicitly carried out by the DNO or carried out behind the scenes by an aggregator 
in order to assure themselves of delivering the required service. It will be 
augmented by contract terms which gradually remove sites which consistently 
under-perform. 
 

Total number of events: 185 

No measurable response to calls: 19 

events (10%) 

Measurable response to calls: 166 

events (90%) 

ANM triggered: 13 

events (7%) 

Phone triggered: 6 

events (3%) 

ANM triggered: 81 

events (44%) 

Phone triggered: 

85 (46%) 

Demand-

led DSR: 

13 

events 

(7%) 

Gen-

led 

DSR: 

0 

events 

Demand-

led DSR: 

3 events 

(2%) 

Gen-

led 

DSR: 

3 

events 

(2%) 

Demand-

led DSR: 

46 

events 

(25%) 

Gen-

led 

DSR: 

35 

events 

(19%) 

Demand-

led DSR: 

41 

events 

(22%) 

Gen-

led 

DSR: 

44 

events 

(23%) 

Table 3.1 (Repeated) (How the 185 trial events were partitioned by response to call, 

triggering method and DSR type 
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 Hospitals Hotels Offices Water 

Pumping 

Stations 

N of events 17 60 14 18 

N of events with 

compliance <100% 
11 34 10 7 

Failure to respond 2 (11.8%) 10 (16.7%) 0 (0%) 2 (11.1%) 

Late starts 3 (17.6%) 9 (15.0%) 0 (0%) 1 (5.6%) 

Early ends 0 (0%) 0 (0%) 1 (7%) 0 (0%) 

Late starts and early 

ends 
0 (0%) 2 (3.3%) 0 (0%) 0 (0%) 

Inability to maintain 

required level of 

reduction/generation 

6 (35.3%) 13 (21.7%) 9 (64.3%) 4 (22.2%) 

Table 3.4 Performance of four groups: hospitals, hotels, offices and water pumping 
stations 
 

3.2.4  Underperformance 

In order to characterise underperformance and understand what drove it, the 

inverse of compliance, ‘incompliance’, was introduced. This has two metrics: the 

number of ‘instances of incompliance’ and the ‘level of incompliance’, defined 

below. 

‘Instances of incompliance’ are defined as those minutes during a DSR event in 

which sites failed to comply, that is did not keep their turn-down or generation level 

in excess of the committed capacity (contracted amount in kW). For example, if a 

site only managed to achieve the committed capacity for 57 minutes out of a 60 

minute event, then the result would be three instances of incompliance in minute 

58, 59 and 60. 

The position in the DSR event where these instances occur was normalised to the 

interval 0,1. In the above example incompliances happened at 0.97,0.98 and 1 on 

the interval 0,1.  

The ’level of incompliance’ is the difference between expected level of performance 

and actual performance during the DSR event (taken with positive sign for 

convenience) calculated in instances of incompliance, kW. For example, say that in 

the event from the first example above, the site was asked to reduce load by 100 

kW during each minute of a 60 minute DSR event (committed capacity). According 

to the baseline, generated for this site for this DSR event, the load in the absence of 

DSR event would have been, say, 1000 kW (in every minute of demand-led DSR 
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event). Therefore it is expected, that in every minute of the DSR event the site 

should stay at the level of 1000-100=900 kW or lower (expected level of 

performance). From the first example it is known that for the first 57 minutes of 

demand response the customer managed to comply, and in the last 3 did not. 

Assuming that in these 3 minutes participant consumed 920, 960 and 1000 kW 

respectively (actual performance). Then their levels of incompliance would be: 

abs(900-920)=20 kW, abs(900-960)=60 kW and abs(900-1000)=100 kW. These levels 

of incompliance would be normalised to the percentage of committed capacity. In 

this example: 20kW/100kW*100% = 20%, 60kW/100kW*100% = 60% and 

100kW/100kW*100% = 100%. 

Analysis from section 3.2.3 showed that in 46.2% of cases for the summer trials, and 

7.7% of cases for the winter trials, sites managed to attain the contracted level of 

turn-down or generation-led DSR for the entire duration of the event. The following 

focusses on the rest of the events (where compliance was less than 100%). 

Summary plots for summer and winter trials are shown in figures 3.13 and 3.14 

respectively. 
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Figure 3.13 Instances of incompliance and levels of incompliance for the summer 

trials.  

 

Figure 3.14 Instances of incompliance and levels of incompliance for the winter 

trials. 

As may be seen from the plots, when accumulated, incompliances are present for 

the duration of the DSR event (bar plot), and – in the case of the summer trials - 

occurrences increase at the beginning and at the end of the event. Line plots 

represent the actual levels of incompliance occurring in the corresponding moments 

of the DSR event. 

It is clear that in all of the subsets in the summer trials the highest levels of 

incompliance take place either at the beginning or at the end of the event. 

Considering the magnitudes (100% of the committed capacity in the beginning for 

the generation-led DSR and demand-led DSR groups and up to the 500% of the 

committed capacity in the end for the demand-led DSR group), this suggests that 

these are due to the delayed starts or early ends of DSR events. Values of up to 
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500% at the end of the DSR event for the ‘Demand-led DSR phone’ group are caused 

by participants (who were providing DSR mostly through reduction of thermal load 

in the building) finishing earlier than was scheduled and going into load recovery 

before the scheduled end (figure 3.15).

 

Figure 3.15 Incompliance in an Event Ending Early 

Outliers and peaks in the plot for the ‘Demand-led DSR ANM triggered group’ may 

be explained by operational failures by the site. 

As a result of this analysis it is possible to distinguish three major categories of 

incompliance source: 

 Failure to respond (6%)*; 

 Late starts (17%* - all in summer trials), early ends (3%*), late starts and 

early ends (2%*). 

 Inability to maintain required level of reduction for operational reasons 

(72%*). 

*It should be noted that these are percentages of the set of events in which 

compliance was less than 100%, not of all events. 

These three sources of incompliance correspond to the other measurements of 

performance in section 3.2. 

In Figures 2.1 and 2.2 the breakdown shows that there are quite a range of different 
sites. Four groups stand out: hotels (11), water pumping stations (4), hospitals (3) 
and office buildings (2). It should be noted that the latter three groups are quite 
small, so the analysis of these groups should not be viewed as representative of the 
sector. Table 3.4 includes figures for response to events amongst these groups 
during the summer 2013 and winter 2013/2014 trials. 
 
Of the 60 calls for hotels, 83% (50) were responded to; of the 17 calls for hospitals, 

88% (15) were responded to; of the 14 calls for offices, 100% were responded to 

and of the 18 calls for water pumping stations 89% (16) were responded to. The 
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83% response to calls for hotels is less than the figure for all trials, suggests that 

hotels as a sector show a below average response to calls.  

 

Using the incompliance figures it is possible to estimate the potential performance 

of DSR from the DNO’s perspective. 

 

 Generation-led DSR Demand-led DSR 

Summer 94% (+-18%*) 65% (+-24%*) 

Winter 95% (+-13%*) 71% (+-20%*) 

*These are just estimates of error based on the sample spread. It is not possible to give more 

robust error values due to insufficient information about the nature of the distribution 

Table 3.5 Average percentage of service level agreement (SLA) delivered in the Low 

Carbon London trials 

The figures in table 3.5 indicate that generation-led DSR outperformed demand-led 

DSR during the trials. Taking these figures a service level agreement for 100kW of 

generation-led DSR will yield, on average, 94kW of generation in summer and 95kW 

in winter. Demand-led DSR would only yield 65kW in summer and 71kW in winter. It 

should be noted that the errors shown are just estimates from the sample spread. It 

is not possible to give more robust error values due to insufficient information 

about the nature of the distribution. In addition, these figures reflect the mix of sites 

in the trials and are therefore more applicable to hotels than other sectors.  
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3.3 Payback 

 

Figure 3.16 Load recovery with payback for a hotel chiller system 

Load recovery with payback is illustrated in figure 3.16. This example occurs in the 

load profile of a hotel chiller. At the end of the event (B, in this case the hotel chiller 

is turned back on) the building management system (BMS) begins to return the 

building to pre-event conditions and load recovery starts. Since the building has 

warmed up during the turn-down, the chiller load rises rapidly to reduce the 

internal temperature to within the set point. Once this is achieved the load recovers 

to the baseline at D. The resulting peak, C, is known as the payback peak and its 

area, F, is the payback energy. It is called ‘payback’ because energy is ‘paid back’ to 

the system, in this case by increasing the power setting of the chiller to cool the 

building. This phenomenon of load recovery with payback has many names 

including ‘rebound’, ‘take-back’, ‘kick-up’ and ‘kick-back’. It is only relevant to sites 

delivering demand-led DSR. 

In the distribution network context payback cannot be ignored because load 

reductions during a DSR event may be accompanied by payback peaks of more than 

twice the load reduction and the phenomenon was visible for nearly all DSR events 

in the trials involving thermal loads in the trials. 
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3.3.1 Return to Baseline 

The shape of the payback peak is a function of the physical properties of the 

building and technical details of the HVAC and BMS systems. Often a quite high, 

narrow peak is seen, as in figure 3.17, but this is sometimes superimposed on a 

broader, lower peak. To calculate the whole payback energy it is necessary to 

estimate the point at which the broader peak ends, that is where the load profile 

returns to the baseline. It is difficult to do this with a curve fit baseline (section 

3.1.4) because the curve fit is based in part on data following the event, so a 

judgement has to be made as to the width of payback when making the baseline. 

Therefore baselines produced by predictive methods like HFoT and similar profile 

five of ten (SPFoT) are more appropriate. However, preliminary analysis of the 

events with payback showed that sometimes there were step changes in the loads 

measured on either side of an event, so it was not possible to measure payback 

energy for all DSR events showing payback peaks. For this reason a subset of events 

in which payback could be clearly seen and measured was used for the following 

analysis.  

3.3.2  Turn-down Energy versus Payback Energy 

 

Figure 3.17 The Correlation between turn-down Energy and Payback Energy 

There were 48 events for which payback energies could be calculated: 35 hotel 

events, 11 office and 2 water pumping stations. It should be noted that the 

‘payback’ for the two events at water pumping stations is quite different in nature 

as the loads are water pumps required after the event to increase their power. 

These two events are included in figures 3.17 and 3.18, but treated as a separately 

in the rest of this section. The 35 hotel events are produced by 11 different hotels 

and therefore are quite representative of the category. The 11 office events, 

however, occurred at just one site, so the results cannot be taken to be 

representative of offices in general. 
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The turn-down energy (figure 3.16) and payback energy are related. In general the 

payback energy will be less than the turn-down energy as, due to real energy 

savings in the building, not all the energy saved during turn-down is paid back 

during recovery. In figure 3.17 the correlation between turn-down energy and 

payback energy is plotted for all 48 events. The Pearson correlation coefficient5 of 

0.67 shows a correlation between the two, but this is weaker than might be 

expected, probably due to the difficulty of accurately measuring payback energy 

and the variation in site performance. There were no events in which payback 

energy was measured to be greater than turn-down energy, as would be expected. 

In general the amount of energy paid back was quite low. The lines bounding the 

data suggest a range of 30kWh to 180kWh for a turn-down of 500kWh. This shows 

that demand was curtailed during the events – nearly all of it in the case of the 

lowest point and about two thirds for the highest point. 

3.3.3  Turn-down Power Maximum versus Payback Power Maximum 

  

Figure 3.18  Correlation between maximum turn-down and payback peak height 

It is much easier to measure the payback peak height (above the baseline) than the 

payback energy. This is useful for the DNOs, since this is the critical element in 

network planning. A correlation would also be expected between this and the 

maximum turn-down energy – that is the maximum difference between the 

baseline and the demand profile during the event. The relationship between the 

two, though, is complex because both depend upon the physical properties of the 

building and technical details of the HVAC and BMS systems. This correlation is 

plotted in figure 3.18 for the same set of events shown in figure 3.17. Here a higher 

correlation coefficient of 0.73 was found. The lines bounding the data indicate a 

more linear relationship. Looking at the 500kW maximum turn-down point it can be 

                                                           
5
 The Pearson correlation coefficient is a standard measure of correlation between two 

series. A value of 1 implies total positive correlation: -1 implies total negative correlation. 
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seen that the payback peak height varies between 150kW and 900kW, almost twice 

the maximum turn-down. Coupled with the small payback energies it is clear that 

payback peaks are quite high and narrow. This has implications for studying payback 

as half-hourly measurements may miss payback entirely. 

As implied above, the 48 events may be broken down into 3 groups: 35 hotel 

events; 11 office events and 2 water pumping station events. 

 
 

HOTELS: 

35 events 

Turn-down 

energy (kW) 

Payback 

energy 

Maximum 

turn-down 

Payback peak 

height 

Mean 233.3 50.0 184.2 134.2 

Standard 

deviation 

245.5 46.8 193.1 122.4 

Minimum 

value 

17.7 5.7 16.2 23.7 

Maximum 

value 

900.0 198.3 803.7 576.7 

Table 3.6 Summary of Payback Statistics for 35 Hotel Events 

 

OFFICE:  

11 events 

Turn-down 

energy 

Payback 

energy 

Maximum 

turn-down 

Payback peak 

height 

Mean 380.8 134.1 655.8 784.6 

Standard 

deviation 

116.2 28.3 186.3 129.5 

Minimum 

value 

258.5 98.5 465.9 562.1 

Maximum 

value 

567.7 178.1 1035.1 936.8 

Table 3.7 Summary of Payback Statistics for 11 Office Events 

Tables 3.6 and 3.7 give summary statistics of the hotel and office events 

respectively. As expected the payback energy is less than the turn-down energy in 

all cases. For the hotels the standard deviation for both values is very high. Similar 

values for the office events, where loads are more stable, are much lower. This 
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difference in standard deviations between hotel and office events is also seen for 

maximum turndown and payback peak height. 

 
 

PUMPING 

STATIONS: 2 

events 

Turn-down 

energy 

Payback 

energy 

Maximum 

turn-down 

Payback peak 

height 

Event 1 2468.8 185.7 950.4 189.6 

Event 2 1779.3 247.9 1082.9 283.3 

  Table 3.8 Details of 2 Water Pumping Station Events 

The two pumping station events are detailed in table 3.8. The events are quite 

similar, with a small payback relative to turn-down energy and corresponding 

relationship between payback peak height and maximum turn-down. 

Figure 3.19 Correlation between turn-down Energy and Payback Energy for Hotels 

Plotting the correlation between turn-down energy and payback energy for just the 

hotels, figure 3.19 shows a relationship with a correlation coefficient of 0.62 – a fair 

degree of correlation. 
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Figure 3.20 The Correlation between maximum turn-down and payback peak height 

for hotels 

Plotting the relationship between maximum turn-down and payback peak height in 

figure 3.20 shows a strong correlation of 0.89. The lines bounding the data indicate 

a narrower range of payback peak heights, varying between 150kW and 450kW at 

500kW of maximum turn-down with peak heights being no greater than maximum 

turn-down at this point. 

The relationship between the pre-event load and the payback peak height was also 

studied for this group, and it was found that this varied between 15% and 270% of 

the pre-event load. 

3.3.4 Reducing the effects of payback 

Payback peaks were visible in load profiles for nearly all DSR events involving 

thermal loads. In the context of distribution network support, where the desire is to 

reduce peak loads, this is clearly a problem that needs to be addressed.  

When DSR participants are aggregated into a portfolio, the rise in load due to 

payback would sum to a very high level if they were all scheduled to end turn-down 

simultaneously. This effect may be eliminated or greatly reduced by optimising the 

process by which a portfolio of DSR participants is scheduled. That is, scheduling of 

DSR so that one customer’s payback is taken up by the turn-down of the next. The 

second customer would also produce a payback, but this could be taken up by the 

following customer and so on. In this way all the payback may be dissipated or 

shifted to a time of lower demand.  This process requires additional DSR capacity for 

the same amount of turn-down, but it has been shown that it can work and would 

be preferable to restricting payback by contract, which would make DSR much less 

attractive for potential customers. 
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3.3.5 Conclusions 

Although generation-led DSR dominates at present, demand-led DSR, especially in 

London, may be expected to be of increasing importance, so the possible effects of 

payback on network planning should be considered.  

The trials showed that thermal loads (the primary source of payback) produced 

relatively small peaks in energy terms. Payback energy was difficult to measure and 

quite variable, but on average it was approximately 20% of the turn-down energy, 

showing that demand was curtailed by approximately 80%. However, these peaks 

were sharp and narrow. Most importantly for network planning they varied in 

height by between 15% and 270% of the pre-event load (for hotels). Aggregation of 

such high peaks could easily cause local overloading in the distribution network. This 

is therefore an aspect of demand-led DSR that should be taken into account.  

There are ways to mitigate the effects. Optimising the scheduling of DSR 

participants in a portfolio is one, although a mechanism for the DNO to achieve this 

would be needed. 

 

 

3.4 Case Study: Physical Modelling of a Large Hotel 

The current market for Demand Side Response by load reduction is facilitated by 

aggregators and energy consultants. Frequently, advice to clients around energy 

efficiency, or an energy usage audit, is both a pre-requisite and a route to facilitate a 

sales conversation regarding the opportunities in the Demand Side Response 

market for the building manager. The Low Carbon London project set itself the task 

of understanding whether these discussions could be facilitated by modelling, to 

give increased confidence to both parties about the effects on the client’s day-to-

day business. A novel bottom-up physical model was made for Low Carbon London 

to illustrate this. The model was designed for aggregators to understand the 

potential impact of alternative DSR strategies on comfort and service levels and 

quantify the buildings response under different operating regimes and weather 

conditions. 

To our knowledge this is the first time this analysis has been done. 

The majority of the DSR turn-downs during these trials were achieved by the control 

of HVAC systems and equipment. The demand between buildings differs due to 

variation in size.  It also varies dynamically in individual buildings due to continuous 

changes in occupancy and activities. Demand is also affected by weather conditions 

such as outdoor temperature and solar radiation, which vary on timescales of days, 

weeks, months and seasons throughout the year. The demand on the HVAC system 

is therefore dependent on a wide range of factors making it very difficult to carry 

out a detailed analysis based on a small number of DSR events.  
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The way that the HVAC is operated during each DSR event, the turn-down strategy, 

depends upon the nominal capacity and operating points of the HVAC. These 

quantities vary from building to building. When the strategies are implemented 

through the ANM system these are similar for each event. However, when these 

strategies are implemented through a telephone call to the site operator variations 

can occur, depending upon the programme of events and occupancy of the building. 

Components of HVAC systems differ in type too. Examples are centralised air 

systems such as constant air volume (CAV) and variable air volume (VAV); partially 

centralised air/water services such as fan coil units (FCU) and variable refrigerant 

systems (VRF) and local systems for specific areas such as split unit packages. Some 

or all of these may be found in any one building. Site visits are therefore required to 

gather information about the exact make-up of the HVAC system, before detailed 

modelling can be carried out. This was done for one building in the summer and 

winter trials: a large hotel. 

3.4.1  Model Inputs and Assumptions 

 

Figure 3.21 Simulation model of a large hotel 

The hotel modelled is a five star hotel with 500 bedrooms. The average occupancy is 

85% over the year, with peaks of as much as 90% during the summer. The site load 

is typically 1600kW, made up of HVAC, lighting and other loads typically associated 

with a hotel such as refrigeration and ovens. 

The HVAC system consists of constant air volume (CAV) and fan coil units (FCU) to 

distribute air. These are supplied by 8 chillers, each of 500kWth requiring 

approximately 200kWe from the electrical supply.   

Simulations were based on key parameters and inputs for the building, such as 

weather conditions, building construction, thermal loads and HVAC system 
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characteristics. In addition the model was tuned with data taken from DSR events 

for this site. Table 3.9 shows the main inputs and assumptions for the model. 

Weather data for the building’s location comprises temperature, solar radiation, 

humidity, wind speed and direction. All of these factors have a direct impact on the 

building’s thermal conditions and consequently on the operating points of the HVAC 

system as it tries to maintain comfort levels. The weather data used for the 

simulations was recorded at London City Airport between April 2013 to March 2014. 

Construction characteristics such as materials, area, volume, number of floors and 

the ratio of window area to wall area define the thermal mass and inertia of the 

building. These influence the response of the HVAC system during DSR events. 

Figure 3.21 shows that, although the exact layout was not used, most of the 

construction characteristics were input into the simulation. Building materials were 

assumed given the construction year of the building. 

The model also inputs thermal loads, which refers to all elements which can 

dissipate heat inside the building. The number of people, lighting and office 

equipment are major contributors. These quantities were estimated from 

information given by the energy manager. 
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No. Class Input Value Assumption  

1 Weather Temperature  
Solar radiation  

2 days of actual 
hourly data at 
15 minutes 
resolution 

Weather data from 
London 
28  August 2013 

2 Building  Area 60000.4 m
2
 Building layout is 

rectangular 

3 Building Height 3.5 m
2
 Height is equal for all 

areas 

4 Building Floors 1 Ground Floor+ 8 
Floors  

Mezzanines were not 
include 

5 Building Orientation Approximate Data taken from Google 
map, this input is 
related with  solar gain 
calculation  

6 Building Zones 1 zone per floor  This information was 
not specified in the 
report  

7 Thermal 
load 

Number of 
people 

500 bedrooms 
+employees +venues   

Light office work and 
open office activities 
were considered 

8 Thermal 
load 

Lighting  20 Watts per m
2
  The total area was 

considered according to 
occupancy and hour  

9 Thermal 
load 

Computers 3 Watt/m
2
 Given one desk top per 

employee  

10 Thermal 
load 

Appliances 1.84 Watt/m
2
 Diverse office 

equipment   

 

Table 3.9 Input Data for Simulation 
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3.4.2  Simulation Results 

The building model was tuned using real data from DSR three events. Various 

assumptions were made about the turn-down strategy. For the hotel two different 

types of HVAC systems were identified: constant air volume (CAV) and fan coil units 

(FCU). The first delivers air conditioning and heating to passages, general areas and 

conference rooms and the second to bedrooms. 

The major difference between CAV and FCU is the way in which heat or cooling are 

delivered to the different zones of the building. CAV’s keep the air flow rate 

constant, but change the air temperature supplied in relation to the demand. For 

this they use air handling units (AHU) which move cold or hot air into each room via 

air ducts. The FCU’s are installed in the temperature zone and consist of fans and 

heating or cooling coils which are supplied by pipe with hot or chilled water. In this 

case an AHU is also used to provide fresh air. In summary, the HVAC equipment 

used in the hotel for DSR turn-down includes: chillers, air handling units, fan coils 

and auxiliary systems such as fans and pumps. 

The turn-down strategy used in the hotel was not fully automatic and the selection 

of equipment used varied. 150kW out of a typical site load of 1600kW was provided 

as turn-down. All turn-downs were performed manually by the operator via the 

Building Management System (BMS). In all cases 30-minute notices were given prior 

to events. The operator would turn down at the requested time, but turning back up 

was not according to the DSR schedule of the aggregator. If the turn-down was not 

impacting temperatures too much the operator would leave the turndown in place 

for longer. Hence some of the prolonged turn-downs seen in the data. The strategy 

was to use the BMS for turning down equipment from as many as 12 devices. These 

were mostly AHUs. No chillers were turned down because this was seen as involving 

too much risk for the customer. From the point of view of the customer, the 

availability of chilled water is very important. The AHUs serve specific parts of the 

building and some are more sensitive than others - the operator might turn down 

AHU’s in the lobby, but not the café, for example. What to turn down and when is a 

complicated decision which is taken by the operator, based on what is going on in 

the hotel and what the weather is like. The site operator is responsible for adhering 

to the building regulations which require a minimum level of fresh air, but he was 

otherwise unrestricted in how he performed the turn-down.  

Apart from the input data described above, the hotel building model was tuned with 

data from the DSR event of 29th August 2013, which corresponded to a warm day 

and two other similar event day profiles. Figure 3.22 shows simulation results 

comparing measured and baseline data. The match is fairly good considering that, 

apart from the HVAC, there are loads due to lighting, kitchen, laundry and diverse 

services in the building. Figure 3.23 shows that the parameters used for the model 

are sufficient to predict demand. 
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Figure 3.22 Comparison of measured and baseline profiles 

 

 

Figure 3.23 Hotel demand simulated over two days 

 

3.4.3  Impact on Comfort 

Although a fair percentage of DSR events involved HVAC turn-down, measurements 

of indoor temperatures to assess comfort levels were not taken. In the particular 

case of this hotel, the operator reduces the risk of DSR impacting comfort by 

carefully selecting the equipment which will participate in the event, mostly AHU’s. 

The selection is made according to the diary of hotel events (receptions, balls, 
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conferences etc.) and the occupancy of the building, as well as the indoor and 

outdoor temperature. The equipment is switched off only as long as the comfort of 

customers is unaffected.  The result is quite a low turn-down of 100-150 kW given a 

typical site load of 1600kW. 

Reproducing the profile of the 29th August 2013 event requires following the same 

turn-down strategy as the site operator. As AHU’s are switched off, there is 

proportional reduction in chilled water production in auxiliary equipment as well. 

For simulation purposes, temperature zones were created in some floors of the 

building. Figure 3.24 depicts measured versus simulated profiles. The profiles match 

fairly closely. However, the payback is quite high when compared with the nominal 

capacity of the system. This may be limited by the BMS, by the total capacity of the 

HVAC system or by control limits. Normally the operation of the equipment is not 

limited, because a prompt and flexible response is required when a zone requires 

heating or cooling. For this reason no limits were added to the simulated HVAC 

system. It should be noted that outside of the one hour event period, the procedure 

used in the simulation was designed to follow the energy saving strategy of the site 

operator. Figure 3.25 shows a second DSR event simulated using the same model 

parameters. 

 

Figure 3.24 Measured versus simulated DSR profiles for DSR event on 29/08/13 
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Figure 3.25 Measured versus simulated DSR profiles for DSR event on 18/07/13 

 

Figure 3.26 shows the simulation results for indoor temperatures of the site, the red 

line is the dry bulb outdoor temperature which is the reference for the external 

environment; the black line is the average indoor temperature (not a good comfort 

indicator because the impact is concentrated in the zone that is switched off). The 

second and fifth floor indoor temperatures are shown in green and blue 

respectively, the maximum temperatures during the event are above 26oC and 27oC, 

for the second and fifth floor respectively on the borderline for comfort.  
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Figure 3.26 Indoor temperatures for the large hotel event simulation, 29th August 

2013 

Simulation of the actual DSR event of 29th August is not sufficient to assess the 

potential of the building for demand-led DSR and the impact on indoor 

temperature. The fifth floor zone is selected for being switched off in demand-led 

DSR events with duration of 15, 30, 45 and 60 minutes. For this report a modelling 

approach was found to model the buildings response to a DSR event. 

Figure 3.27 shows the demand response when the fifth floor zone is selected for 

switch off in DSR events of duration 15, 30, 45 and 60 minutes. 

 

Figure 3.27 Turn-down and Payback from 15 to 60 minutes duration events 

Turn-down is around 100 kW during all event durations; however, the payback peak 

of the 60 minute event is noticeably higher (note that the HVAC has not been 

restricted here).  

From the customer point of comfort levels must be maintained during DSR. Figure 

3.28 shows that temperature rises above 25oC for the 15 minute event and above 

27oC for the 60 minute event. The 100kW of turn-down may be achieved either by 

turning one zone down for 60 minutes or 4 zones down for 15 minutes each. The 

latter strategy prevents any zone exceeding 25 oC, so the site manager’s strategy of 

turning off multiple units is justified by this simulation. The simulation shows that 

sites participating in this type of DSR need to consider a strategy of turning down by 

zone. To do this a calculation of the total amount of Turn-down energy available 

from each zone needs to be made and correlated with the zone’s indoor 

temperature. 
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Figure 3.28 Temperatures from 15 to 60 minute duration events 

This modelling demonstrates the considerations that load reduction sites need to 

take into account when participating in Demand Side Response programmes. Whilst 

the greatest potential on paper exists in the summer, and substations which have 

high air conditioning loads resulting in a maximum demand occurring in the 

summer, this coincides with the greatest risk to comfort of the building occupants. 

Building managers will need to carefully choose the duration and scale of load 

reduction event which they can commit to. However, the trials demonstrated a 

strong willingness to participate, and over 2/3rd of the events delivered by hotels 

meeting a threshold of 90% compliance. 

 

The physical model of the hotel was found to perform very well, especially 

considering the variability of hotel load profiles and the complex turn-down strategy 

used. It was found that the demand response capability of the building, limited by 

the desire to maintain comfort levels, may be established for a given set of weather 

conditions. 

 
Evaluating the potential amount of demand response of a building requires 

knowledge of the system from which energy is taken and then paid back. In the case 

of an HVAC system, it is possible, with careful simulation, to use physical modelling 

to achieve this. In the case of a large hotel, simulations show that indoor 

temperatures may rise to uncomfortable levels in the zones for which AHU’s were 

switched off. However, feedback from the site operator reveals that these zones 

were not occupied during the modelled event. He was therefore able to continue 

the turn-down strategy and save energy. The site can therefore deliver more load 

reduction than the contracted amount, for which they will not be paid, but the 

energy saving benefits them. The simulation results confirm that a contracted turn-

down of 100 kW during one hour can be delivered by a single zone that is 11% of 
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the total building area in size as long as a temperature rise to 27oC is acceptable. If 

the rise to this temperature is too high, the impact can be attenuated by switching 

four zones off sequentially for 15 minutes each. In broad terms the demand-led DSR 

capacity of the hotel may be doubled to 200kW by a change of strategy by the 

customer. 

Without knowing the impact on comfort levels for each site undertaking thermal 

load based DSR for a given level of turn-down, available capacity may be untapped 

or conversely temperature may rise to undesirable levels. 

The exercise showed that the DSR capacity of a building at a given time may be 

effectively established by inputting the weather conditions at the time of the event 

into such a physical model, even for buildings with quite variable load and complex 

turn-down strategies. Given the data available the model provided robust results. 
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3.5 Barriers to Participation in DSR 

In addition to the trials, a qualitative study of barriers to participation in DSR 

programmes was made. This focussed on facilities energy managers6, as they are 

key to the introduction of DSR. A total of 43 interviews were conducted 

anonymously, 36 being with energy managers, the rest aggregators, DNO’s and 

utilities. Energy managers from both industrial, commercial and public sector bodies 

were interviewed. 

The 36 energy managers were divided into three groups: ‘Early Adopters’ (7) were 

already participating in DSR; ‘Majority’ (21) were interested in DSR, but not yet 

willing to take the risk and ‘Unaware’ (6) did not know about DSR and when told 

about it had little interest in finding out more. 

3.5.1  Previous Work 

Little previous work has been done on the practical experience of the consumer 

with DSR. Ofgem and DECC have both published studies in the subject area, but 

these have been concerned principally with the need for market reforms to 

facilitate DSR.  

The report by Element Energy [4] discussed in section 1.3 also addressed some of 

the barriers to participation, finding key challenges to include a lack of awareness of 

DSR and a perception of potential negative impact on services or comfort levels. 

Lack of sufficient financial incentives, complexity and poor knowledge of technical 

and contractual arrangements in addition to lack of demonstrably successful 

operations were also noted as potential barriers (Element Energy, 2012). 

3.5.2  Early Adopters 

The Early Adopters are currently participating in DSR programmes, or have done so 

in the past. The managers had good access to electricity usage data through half-

hourly metering and a BMS. They comprise a group of 7 organisations: 2 commercial 

offices, 1 manufacturer, 3 healthcare and 1 retailer. Energy managers in this group 

have no other duties outside the area of energy usage. They were found to have 

strong technical capabilities and the ability to actively drive innovation and raise the 

profile of DSR to senior management. These managers have achieved a good level of 

financial and non-financial support or buy-in from board and senior management 

level and so are empowered to implement the necessary changes required for the 

organisation to participate in DSR. Senior management in this group is less risk-

averse than the Majority or Unaware, and is willing to take decisive actions and 

calculated risks not based on government guidelines or industry precedents. Apart 

from the manufacturer in the group, energy costs were not considered a priority as 

they did not constitute a significant portion of spending. On these grounds targeting 

                                                           
6
 Here we take ‘energy manager’ to be a general term for the person within the organisation 

responsible for the energy usage of the facility. This may be an estates manager, director of 
engineering or facilities manager, or their role may be solely to manage energy usage.  
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manufacturing would be sensible, but with its low concentration in London it is of 

less relevance here. 

Several interviewees mentioned the importance of demonstration. Senior 

management were much more amenable to DSR once they had seen it working. It 

was up to the energy managers to drive this. Technical capacity to participate 

amongst the early adopters was another enabling factor. Hospitals, for example, 

always have back-up generators, which enable them to displace much more of their 

site load and provide generation-led DSR for longer periods than are possible with 

load reduction based on comfort heating or cooling. 

3.5.3  Majority 

This group is more risk averse than the Early Adopters but less so than the Unaware. 

While many in this category have heard of DSR, none are actively participating. 

There were 21 respondents: education (3), commercial offices (2), government (2), 

heath (4), hospitality, catering and leisure (5), manufacturing and construction (1), 

retail (3), and telecoms (1). Energy managers tended to be familiar with some types 

and benefits of DSR, but often stated that they did not see its value to their 

organisation. Some were aware of the advantages of DSR, but felt themselves or 

their organisations constrained by factors such as risk to the resilience and security 

of their services, time and resource availability, split incentives and staff 

engagement challenges. All of these organisations were involved in other types of 

energy or carbon reduction as well as a range of efficiency measures, though some 

also conflated these activities with DSR, exhibiting inferior knowledge of DSR to the 

Early Adopters. 

One of the reasons given for the Majority’s lack of participation was an initial 

assessment that the financial cost of investment in DSR outweighed the value of the 

return and payback period. Aggregators have begun to overcome some of these 

negative perceptions by conducting energy audits of their clients’ businesses to 

reveal what is technically feasible and how much it may be possible to save or earn. 

Despite this concern, the cost-benefit argument was less frequently stated than 

initially expected and other barriers to participation were cited. As for the Early 

Adopters, lack of demonstration was mentioned. Organisations wanted to see other 

members of the sector participating before engaging themselves. Getting 

engagement from senior management was also cited by energy managers as a 

barrier.  

Split incentives were another concern. Different people within an organisation have 

different priorities. An energy manager will have very different priorities to the 

finance director or compliance officer.  The energy manager needs to find a way to 

persuade others in the organisation of the benefits of DSR. This creates a ‘risk 

through lack of knowledge’ whereby plans are rejected not on technical or cost-

benefit grounds, but because people do not have the time or inclination to 

understand them fully. This problem was found to be most prevalent in large 

organisations. 
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The landlord-tenant issue is another barrier related to split incentives. In London, 

where few companies own the whole buildings they occupy, there is a potential for 

conflicts of interest between the landlord who may wish to implement programmes 

to save money but who will not directly experience the consequences, and 

occupants who do not pay the bills, but are subject to changes in their working 

environments that may negatively impact them. 

Most energy managers within the Majority had other facilities management duties 

within their job description. Many did not see it as part of their role to introduce a 

DSR programme and were more concerned with reducing costs. Whereas energy 

efficiency programmes were well established, DSR was seen as untried and more 

risky. 

Perhaps the most significant obstacle amongst the Majority (and the Unaware) was 

the perception of a potential impact to services, comfort levels or quality of end 

products. 

Other perceived barriers were the lack of back-up generation (interviewees 

incorrectly assumed that this was necessary for DSR) and the perception that DSR 

would be too time-consuming. 

3.5.4  Unaware 

The Unaware group is characterised by poor awareness of DSR, high levels of risk 

aversion and, in some cases, an unwillingness to embrace new ideas or programmes 

regardless of potential benefits. Organisations in this group have not participated 

and are not participating in DSR. Few had heard of DSR, but like many of the 

Majority group, some were enthusiastic to speak about the DSM activities they were 

carrying out. This group consists of 6 members: 2 in education, 3 in 

government/local authority and 1 in manufacturing and construction. 

This group articulated the greatest number of constraining factors of the three, 

including difficulty acquiring support from senior management, highly constricted 

resources (including time, funding, ageing and inadequate equipment), poor access 

to energy usage information and advice, difficulties resulting from split incentives, 

low technical capabilities in energy personnel and a pervading sense of inertia 

within the organisation. Consequently, many were focussing on relatively basic 

energy efficiency measures and struggling to achieve even a low level of ‘buy-in’ 

from staff. All stated that the most significant obstacle to achieving energy related 

goals was ‘people’ within their organisation. Difficulties with engagement were 

often driven by negative perceptions including in relation to service levels and 

product quality, the (incorrectly) assumed need to leave equipment running at all 

times and the view that schemes like DSR would be excessively costly and time-

consuming. 
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3.5.5 Conclusions 

The qualitative analysis of interviews with 36 energy managers found that 

participation in DSR depends on a range of challenges that will require a multi-

pronged approach taking in attitudes and behaviours as well as technical feasibility 

and procedures. The sub-sectors most likely to participate in DSR, if only technical 

considerations (i.e. flexibility) are taken into account are retail, commercial offices 

and education. However, the research results indicated that the link between 

participation and technical capacity is not a strong one. Instead it was found that 

participation was enabled and constrained by a range of factors, including 

perceptions, organisational characteristics and the energy manager’s professional 

abilities and to a lesser extent financial, regulatory and market factors. The barriers 

identified in the interviews were diverse, interrelating and often multi-layered. 

Participation in DSR may be seen as a journey from Unaware, to Majority and then 

Early Adopter. This begins with the ‘immature’ Unaware stage defined by poor 

awareness, low participation and the most numerous and severe constraints (and 

perceptions of constraints). Next is the Majority level where awareness is higher but 

frequently perceptions rather than genuine obstacles limit organisations and 

individuals. Organisational factors also contribute, for example split incentives, rigid 

hierarchies and a working culture not conducive to engagement or open to new 

ideas, as well as financial and other resource limitations resulting from genuine 

shortage and misalignment of priorities as well as the capabilities and attitudes of 

the energy manager. The final group, the Early Adopters, are already participating in 

DSR. They are facilitated by highly competent, driven and innovative energy staff 

with strong agency in their organisations and strong technical capabilities. These 

organisations also tend to have suitable conditions and equipment (such as large 

thermal loads) which they use effectively and successfully to participate. It is also 

worth noting that many in the other two groups have the technical capacity to 

participate, but they are stymied by factors emanating from perceptions of risk and 

organisational obstacles that the Early Adopters have already overcome. 

One of the key enabling features of the Early Adopters is the professional attributes 

of the energy managers including: technical skills, background and outlook, 

relationships with management, and his/her capacity to produce high quality 

strategies, overcome fears regarding risks and convince relevant parties in their 

organisations. In order to increase the likelihood of participating, the other groups 

must emulate these qualities by recruiting high calibre energy managers and 

training them to understand, implement, manage and engage others in the 

business; organisations must also empower these managers with support, 

resources, decision-making authority and recognition. It was found that an 

organisational culture in which the energy manager is valued and respected is 

essential to participation in DSR. 

It was not possible to make a clear classification, but some groups cited particular 

barriers more frequently than others. For example, retailers naturally tended to 
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state customer experience and the potential for reputational damage such as light 

dimming or food spoilage as greater concerns than energy costs or carbon savings. 

They also tended to have more stringent rules for example around temperature set 

points which created a greater desire to maintain control of their systems and 

assets. 

Larger organisations with multiple stakeholders and sites such as commercial 

offices, government, and education tended to mention the landlord-tenant issue 

more than those with smaller, less complicated operations such as catering, 

hospitality and leisure. Security of data was also mentioned in telecoms and 

government organisations and by a retailer as a potential problem in a future where 

more organisations are involved in such schemes and accurate monitoring 

mechanisms produce vast volumes of data. Such challenges will require more staff 

and equipment to analyse results and more advanced security systems to protect 

information. As smart meters and other advanced ICT become prevalent, the 

government must take steps to enhance the resilience of security systems and 

provide assurances to organisations and individuals concerned for the safety of their 

information. 

The organisations with the lowest awareness of DSR and the greatest tendency to 

quote perceived barriers were found in the government and local authority sub-

sector. These tended to be the most overstretched in terms of resources which 

meant energy managers were often responsible for a wide variety of tasks and 

other DSM activities that prevented them from giving much attention to more 

advanced programmes like DSR. The need for enhanced financial incentives was 

frequently raised by these parties, whilst the more advanced tended to note the 

significance of structural issues such as tariffs and contracts. Public sector 

organisations also tended to state organisational barriers such as buy-in from 

management, resource availability and engagement, frequently as a result of 

constrained financial circumstances. 

Demonstration was noted by all participants as a key enabling factor for DSR. Co-

ordination of government, industry and end users is required to establish a platform 

for sharing knowledge, information and experience in this area. 

The ability of the energy manager to gain the interest and support of senior-level 

management and the board afforded them an improved chance of implementing 

DSR. This occurred most often as a result of their individual persistence and 

diligence. Stretched resources and distance from and poor influence over senior 

management achieved the opposite effect and even perpetuated negative 

perceptions. There is no simple solution to improve prioritisation of energy within 

organisations though it is possible schemes like DSR will receive greater attention if 

(or when) energy costs increase and become a greater burden on basic costs. For 

now, however, knowledge of them is largely restricted to energy staff rather than 

the commercial side of businesses or senior management/the board. Until the latter 

see the value or necessity of DSR, participation will remain low compared to other 
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DSM schemes. Energy managers have an important part to play in guiding this 

agenda by ensuring decision-makers are informed of the benefits and persuaded of 

their value. 

The main barriers to DSR participation were negative perceptions, including 

potential impacts to comfort and service levels and notions of DSR as time-

consuming, risky and costly. More often than not, these were based on negative 

previous experiences or poor awareness leading to an irrational fear of the 

unknown rather than empirical investigation of facilities and options. Raising 

awareness of the requirements and discrediting these preconceptions is a key task 

for DSR providers as part of their recruitment process.  

The research illustrates the difficulties faced by a range of organisations when 

considering how to reduce energy costs and carbon and meet a variety of internal 

and external targets. Rules are constantly changing, making the achievement of 

these goals a persistent burden requiring resources, knowledge and conviction that 

may be beyond some individuals and organisations due to a range of circumstantial 

factors. Given the pressures many organisations find themselves under, especially in 

the public sector, it is understandable that a programme like DSR – which was never 

officially launched by government, is little promoted and has no certified status 

under any energy focused programme – has not yet managed to achieve its full 

potential. The absence of detailed knowledge of DSR is consequently unsurprising. 

 

4 Conclusion and Recommendations 

The key objective of this report is to understand and characterise the performance 

of demand-led and generation-led services within the distribution network, in order 

to inform future smart distribution network operation and planning. The questions 

were whether or not DSR works, what potential it has and how reliable. 

4.1 Main findings 

A novel approach to baselining created for this report, similar profile five of ten 

(SPFoT), proved to be the best compromise between accuracy and simplicity of 

implementation. Accuracy was important, but data were not available to make use 

of the more sophisticated baselining methods. If tests with baselines from a wider 

range of I&C sector are successful, it may be a better choice for aggregators and 

DNOs than the industry standard. 

Of the two versions of the high five of ten baseline, the asymmetric version is 

commonly used at present. In a distribution network context compliance is of much 

more importance than in the transmission network. For this reason it was found 

that, of the two, the symmetric version should be used in preference. 
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The SPFoT baselines formed the basis of analysis of the data gathered during the 

trials. Performance was assessed by measuring different aspects of compliance. It 

was found that, in 90% of DSR events (including events prior to summer 2013) sites 

responded to the call to turn down. No significant difference was found between 

ANM triggered and phone triggered events. The majority of events started on time 

or early. The ANM triggered events were somewhat more timely, though, as a 

human was involved in both phone and ANM triggering, there is no reason to expect 

great improvements in timeliness. The real-life network effect should be more 

pronounced with full ANM as the signal is then sent at times of network need. 

Surprisingly, compliance for ANM triggered events during winter was much worse 

on average than it was during the summer trials. Generation-led DSR had an overall 

response rate of 98% compared with 84% for DSR. It was found that generation-led 

DSR performed better relative to the service level agreement (SLA) than demand-led 

both in summer and winter, yielding an average 95kW of generation for each 

100kW in the service level agreement, whilst demand-led yielded an average of 

68kW for each 100kW of the service level agreement. 

In summer 2013 and winter 2013/14 hotels responded to calls to turn down in 83% 

of events - lower than average. Late starting was also a problem with 15% of events 

starting late. However, the ability to maintain the required level of turn-down was 

much better than average with this achieved in 78% of events. 

The new physical model of a hotel was used to assess and analyse the potential DSR 

capacity of a hotel. The model was designed for aggregators and DNO’s to assess 

the impact of different DSR strategies on comfort and service levels and quantify the 

buildings response under different operating conditions. In addition, by modelling 

different zones of the building it is possible to create turn-down strategies that 

prevent undesirable rises in temperature. The model may be used where historical 

data is not available, especially under more extreme weather conditions. Given the 

data available, the model provided robust results. The model was verified by 

simulating two separate DSR events, which showed close replication of the building 

load during the event and over a 24 hour period surrounding the events. 

In studying payback (or ‘take-back’) it was found that the phenomenon was visible 

in nearly all turn-downs of building load. A good correlation was found between the 

payback peak height and maximum turn-down, but only for the hotel sector. This 

shows that it is possible to predict payback peak heights within limits, and an 

engineering rule of thumb has been developed for this, giving guidance that for 

every 100kW of load reduction, payback can confidently be expected in the majority 

of cases to be between 20kW and 200 kW. Optimising the process by which a 

portfolio of DSR participants is scheduled is considered to be the best method for 

reducing or eliminating payback peaks. This would have some cost, but would be 

preferable to restricting payback by contract, which would make DSR much less 

attractive for potential customers. 
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A qualitative analysis of barriers to participation in DSR was made. It was found that 

the most significant barriers related to negative perceptions of potential risks to 

comfort and service levels, as well as fears around costs, time, equipment and other 

resources. These negative perceptions were found to outweigh technical and 

financial barriers to participation. 

4.2 Recommendations 

If High Five of Ten is chosen for assessing DSR performance, it is recommended that 

industry practice change from use of the asymmetric to the symmetric version, 

because compliance is of much greater importance in the context of distribution 

network support. 

Optimising the process by which a portfolio of DSR participants is scheduled may 

greatly reduce or eliminate the payback (or take-back) effect. This would have some 

cost, but  would be preferable to restricting payback by contract, which would make 

DSR much less attractive for potential customers. This is a service that aggregators 

might offer. 

To properly understand DSR events, minute-by-minute data is essential. Payback 

peaks are often narrower than 30 minutes, so this important aspect of DSR cannot 

be detected without minute-by-minute data. Minute-by-minute data also makes it 

possible to find the true start times of events and hence better understand the 

reasons for low compliance. As the primary demand data available to an aggregator 

or DNO for assessment of a sites DSR potential is half hourly smart meter data, it 

may be appropriate to introduce higher resolution smart metering. 

For DSR to support the distribution network it is very important that contracted 

turn-down is adhered to throughout the whole duration of the event. We suggest 

that the best way to do this might be to include level of compliance as a factor in 

DSR payment calculations.  

The recommendations to overcome barriers to participation in DSR are to widely 

publicise the LCL findings as demonstration of successful DSR is very important in 

encouraging new participants and to promote the increased participation of 

potential customers in DSR activities. 

4.3 Future trials 

Where possible, BMS tracking data should be used to supplement data from loggers 

and meters. Internal temperature and humidity readings would be especially useful 

for physical modelling and better understanding payback. 
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Project Overview
Low Carbon London, UK Power Networks’ pioneering learning programme funded by Ofgem’s Low Carbon Networks Fund, has 
used London as a test bed to develop a smarter electricity network that can manage the demands of a low carbon economy 
and deliver reliable, sustainable electricity to businesses, residents and communities. 

The trials undertaken as part of LCL comprise a set of separate but inter-related activities, approaches and experiments. They 
have explored how best to deliver and manage a sustainable, cost-effective electricity network as we move towards a low 
carbon future. The project established a learning laboratory, based at Imperial College London, to analyse the data from the 
trials which has informed a comprehensive portfolio of learning reports that integrate LCL’s findings. 

The structure of these learning reports is shown below:

A1 Residential Demand Side Response for outage management and as an alternative  
to network reinforcement 

A2 Residential consumer attitudes to time varying pricing
A3 Residential consumer responsiveness to time varying pricing
A4 Industrial and Commercial Demand Side Response for outage management  

and as an alternative to network reinforcement
A5 Conflicts and synergies of Demand Side Response
A6 Network impacts of supply-following Demand Side Response report
A7 Distributed Generation and Demand Side Response services for smart Distribution Networks
A8 Distributed Generation addressing security of supply and network reinforcement requirements
A9 Facilitating Distributed Generation connections
A10 Smart appliances for residential demand response

Distributed 
Generation and 

Demand Side 
Response

Network Planning  
and Operation

C1 Use of smart meter information for network planning and operation
C2 Impact of energy efficient appliances on network utilisation
C3 Network impacts of energy efficiency at scale
C4 Network state estimation and optimal sensor placement
C5 Accessibility and validity of smart meter data

Electrification of  
Heat and Transport

B1 Impact and opportunities for wide-scale Electric Vehicle deployment
B2 Impact of Electric Vehicles and Heat Pump loads on network demand profiles
B3 Impact of Low Voltage – connected low carbon technologies on Power Quality
B4 Impact of Low Voltage – connected low carbon technologies on network utilisation
B5 Opportunities for smart optimisation of new heat and transport loads

Future Distribution 
System Operator

D1 Development of new network design and operation practices
D2 DNO Tools and Systems Learning
D3 Design and real-time control of smart distribution networks
D4 Resilience performance of smart distribution networks
D5 Novel commercial arrangements for smart distribution networks 
D6 Carbon impact of smart distribution networks

Summary SR DNO Guide to Future Smart Management of Distribution Networks 
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