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Terminology Abbreviation Definition

Big Dirty Turn Down BDTD The Octopus Energy consumer-facing name for the DRS trial

Domestic Reserve Scarcity DRS The name for the Big Dirty Turn Down trial, used by National Grid ESO 

Electric Vehicle EV A customer who is on one of the following Octopus tariffs: Octopus Go, 
Octopus Go Faster, Intelligent Octopus, Tesla Energy Plan

Event window

{evening / grid peak, 
morning peak, overnight}

- Grid peak refers to trials where customers were asked to turn down between 
16.30 - 18.30, typically hours when the demand on the grid is at its highest.

Morning peak refers to trials between 09:00 - 11:00.

Overnight refers to trials between 00:00 - 02:00.

Octopus Energy OE Green energy provider

Participation 
[of a customer, in a 
turndown event]

- A customer responded to the email and “opted-in” to the turndown event

Predicted demand or 
baseline

- The estimated electricity consumption if there was no turndown event

Ramp rate - The speed at which an asset, e.g an electricity generator, can increase (ramp 
up) or decrease (ramp down) generation

Success 
[of a customer, in a 
turndown event]

- A customer who participated in the turndown event and reduced their 
demand by the specified target percentage or more, relative to their baseline 
forecasted demand

Success rate - The proportion of successful participants [in a turndown event]

Time of Use ToU A tariff where the unit rate changes throughout the day. There are two main 
types in the UK:
• Static ToU - There are different “zones” of pricing (e.g one [lower] price for 

overnight, one price for the rest of the day) e.g Economy 7
• Dynamic ToU - There is a different price for each half-hour of the day e.g 

Octopus Agile

GLOSSARY OF TECHNICAL TERMS
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BACKGROUND
In the last 25 years, the electricity system in the UK has seen 
significant changes to provide greener and more affordable 
electricity; in 2021 renewable generation accounted for 39.6% 
of all generation.1 In a future where more sectors such as 
heating and transport are electrified, and electricity generation 
is dominated by variable renewable energy, mechanisms to 
enable flexible electricity consumption and generation must 
exist.

System flexibility is an essential step to achieving the UK’s 
net zero target by 2050, and domestic flexibility will need 
to be unlocked to achieve this goal. The rise of controllable 
low-carbon technologies (LCTs) in the home, such as electric 
vehicles (EVs), heat pumps, storage heating and home batteries, 
has the potential to drive system peaks but also offers a 
resource for demand shifting. Even households without any 
low carbon technologies - the vast majority of this trial - showed 
willingness and appetite to opt-in to flexibility events and 
provide manual turndown in return for a reward for providing 
the service. There is huge potential to scale out this domestic 
flexibility service across households with smart meters.

Large system balancing and upgrade costs can be avoided 
or reduced by dispatching domestic demand passively and 
actively through price signals. The Carbon Trust estimates 
that a fully flexible energy system has the potential to deliver 
material net savings of between £9.6 billion and £16.7 billion 
per annum in 2050.2  This cost would otherwise be passed 
onto consumers through their bills. Crowdflex and other 
studies indicate that domestic flexibility can play a role in grid 
operations.3 With system balancing costs at an all-time high, it 
is now more important than ever to capitalise on the untapped 
potential of domestic flexibility.4

While there are some customers on “time-of-use” tariffs, where 
they are exposed to different prices either overnight or on a 
half-hourly basis, which means that they can routinely engage 
in demand shifting, there is a large proportion of customers on 
fixed or standard variable tariffs. As such, they are not exposed 
to any signals to shift their demand away from times of grid 
strain. This trial looked at offering this signal to all customers, 
regardless of tariff, to empower them to benefit from the 
service they are providing to the grid, by passing through a 
financial reward at times of specific grid need.

The “Big Dirty Turn Down” (BDTD) trial was the consumer-facing 
name for the Domestic Reserve Scarcity (DRS) trial. We will 
refer to the trial as the BDTD trial in this report. This joint study 
between Octopus Energy and National Grid ESO looked into the 
short-term response potential of domestic customers to reduce 
their demand when the system is judged to be under stress. 
The objective of the trial was to prove the potential of domestic 
flexibility in responding to system needs by:

• Identifying the key drivers influencing the likelihood of 
participation and volume of response a household may 
provide, such as incentive structure, and time of day;

• Understanding the cost of domestic flexibility and how it 
compares to balancing actions;

• Quantifying the potential volumes available for National 
Grid ESO (NGESO) use in system operations today; and

• Removing barriers to utilise domestic demand as a flexible 
resource during times of typical high demand and low 
renewables.

Octopus Energy (OE) customers were invited to ‘opt-in’ to the 
trial and reduce their consumption during a two-hour window 
by a specified target relative to their historical demand and 
received a credit for participation. The trial period began on 11 
February 2022 and ended on 31 March 2022, with trial events 
taking place Monday to Friday and corresponding identification 
and notification of events day-ahead. In total, eight events were 
run as part of the BDTD trial, covering three trial window times. 
Over 100,000 domestic customers opted-in to the trial, making 
it the largest UK domestic flexibility trial to date.

A high level summary of findings from this trial was published 
by Octopus Energy earlier this year and is available online.5 This 
report delves more deeply into the results of the trial and the 
lessons learned to inform future work on domestic flexibility.

AIMS & APPROACH

EXECUTIVE EXECUTIVE 
SUMMARYSUMMARY
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KEY KEY 
FINDINGSFINDINGS
THIS TRIAL PROVED THE ABILITY OF 
CUSTOMERS TO RESPOND TO REAL GRID 
SIGNALS DAY-AHEAD & REDUCE DEMAND
90,000 domestic customers participated in at least one of the eight 
events of the BDTD trial. Some events occurred on consecutive 
days, testing the ability for households to turn down in succession. 
The programme proved the ability of customers to respond to real 
grid signals day-ahead and reduce demand, supporting the grid 
during low derated margins, which typically occur when system 
demand is high and renewables output is low.

To be categorised as ‘successful’ for the purposes of the 
trial, participants were required to reduce their demand by a 
personalised target amount (in kWh) for a given event. Around 
30-45% of participants (depending on the event) were successful 
in achieving or exceeding this level of demand reduction. However, 
as many as 75% (3 in 4 participants) were able to turn down their 
demand by some amount.

6. “  How Much Power is 1 Gigawatt?”, Office of Energy Efficiency and Renewable Energy. https://www.energy.gov/eere/articles/how-much-power-1-gigawatt (accessed Nov. 1, 2022)

CONSUMER RESPONSE HAD SYSTEM-
LEVEL EMISSIONS IMPACT: MARGINAL 
EMISSIONS ON THE GRID REDUCED BY  
47 TCO2
Together, the participants provided system-level impact, with each 
event leading to an aggregated demand reduction between 10 
and 50 MWh. Additional analysis undertaken in conjunction with 
environmental non-profit WattTime, concluded that participation 
in the trial overall led to 47 tCO2 of total marginal emissions – the 
emissions that would come online if new load was added – avoided. 
This analysis included all customer demand shifting and demand 
reduction (net sum total across all participants, relative to the 
baseline) as a result of the trial.

THE AVERAGE PARTICIPANT WAS  
ABLE TO TURN DOWN BY 0.5 KWH IN A 
TWO-HOUR WINDOW, WHICH IF SCALED 
COULD HAVE SIGNIFICANT IMPACT ON 
SYSTEM LOAD
The average turndown was 0.5 kWh per participating household but 
the amount varied by time window and was impacted by the LCTs 
owned, and the incentive offered. These factors are explored more 
thoroughly in the report.

If this system was scaled nationally to 31 million households, and 
we had only 1% opt-in, this could result in 155 MWh reduction for 
a single two-hour event, equivalent to the power output of almost 

250,000 solar panels.6 It is important to caveat the requirement for 
a smart meter, so national-scale rollout of this trial is conditional on 
smart meter uptake. However, not all households need to take part, 
or have a smart meter, to see system level effects.

It should also be noted that of the two structures of incentives 
offered, only one was directionally aligned. Scaling the system with 
stronger directional alignment (as well as varying other influential 
factors) could result in greater reductions.

CUSTOMERS ON A PAYMENT-PER-KWH 
INCENTIVE ACHIEVED A HIGHER LOAD 
REDUCTION ON AVERAGE THAN THOSE 
ON THE STANDARD “FREE ELECTRICITY” 
INCENTIVE
During the trial two incentives were offered. The standard incentive 
was that if the target reduction was met, then the actual electricity the 
customer used in that window would be free. The alternative incentive, 
offered to 50% of the trial participants, and accepted by 10% of the 
overall trial participants, was that they would be paid a fixed amount 
equal to their unit rate per kWh reduced relative to their baseline. 
By participating in a flexibility event, households get two economic 
incentives: once for reducing their demand, and so reducing your unit 
rate costs for that window, in addition to the payment for providing the 
turn down as a service.

In every event, it was observed that the average load reduction of 
those on the alternative payment-per-kWh incentive was greater than 
those on the standard incentive. This is caveated by the fact that this 
trial only showed the correlation between these two things, but does 
not necessarily indicate causation. Since participants had to explicitly 
opt-in to the alternative incentive, they were self-selecting and perhaps 
more energy engaged. Only through a proper randomised control trial 
(RCT) could we establish the data required to prove causality: that the 
alternative incentive has greater system benefits than the standard 
incentive (in terms of greater average load reduction per household). 
Future trials could focus specifically on incentive mechanisms by 
randomly placing half of the participants into a “control” and “treatment” 
group, which vary only by incentive offered, to establish causality.
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KEY KEY 
FINDINGSFINDINGS

A high proportion of EV owning households that took part in 
this trial were on an Octopus time-of-use tariff (e.g Octopus 
Go, Octopus Agile, or Intelligent Octopus). These time-of-use 
tariffs already incentivise customers to move their electricity 
consumption away from morning and evening peaks, and thus 
charging for these customers typically takes place overnight.

We found that when these EVs were likely to be plugged 
in, i.e overnight, they were particularly able to turn down by 
large amounts during times they would typically charge in 
response to a grid signal; by 1.9 kWh on average. In contrast 
during times in which their tariff did not incentivise them to 
charge often, i.e morning and evening peaks, non-EV owning 
households and EV owning households had similar turndown 
kWh values, on average.

Further to this, we observed that customers on our managed 
charging tariff - Intelligent Octopus - reported higher average 
turndown values than customers on a non-managed charging 
tariff. If households on this tariff “opted-in” to the event, 
then their charging was automatically deferred, whereas 
customers on other EV tariffs had to manually update their 
charge schedules in their charging app of choice, or at 
the chargepoint itself. This could suggest that automation 
provides greater household level response for turndown 
events, as well as enabling closer-to-real-time delivery.

By comparison, we found that non-EV owning households 
tended to struggle to reduce their demand in the overnight 
window. They were much more likely to be unsuccessful at 
reaching their target, particularly if they had low forecasted 
demand in that window compared to other households that 
opted in to that same window, but were still able to reduce 
their demand somewhat compared to their baseline.

EV OWNING HOUSEHOLDS HAVE 
PARTICULAR STRENGTH IN THE 
OVERNIGHT WINDOW TO REDUCE 
THEIR DEMAND, ESPECIALLY WHEN 
AUTOMATION IS USED

Stockholm is an example of a distributed city,  
where renewable energy capacity is 180% higher

Households on standard tariffs achieved a similar reduction 
(0.55 kWh) to EV owning households (0.53 kWh) during grid 
peak events. While EVs provide excellent turndown potential 
at times when they would normally charge (since load can 
often be shifted to other times), during morning and evening 
peaks – when vehicles are not often charged on Octopus tariffs – 
non-EV owning households provide similar turndown response 
to EV owning households. This shows that non-LCT owning 
households should not be discounted in flexibility services, 
rather their participation should be incentivised and made 
easier.

We also found (in Table 3.3.2) that grid peak events had 
an almost 50% success rate of all opt-in events. This was 
considerably higher than the other event types. Scaling this 
service broadly across all households could drastically reduce 
the evening grid peak.

EVENING GRID PEAK OFFERS  
THE GREATEST POTENTIAL FOR  
TURNDOWN RESPONSE AMONGST  
ALL CUSTOMER TYPES

The BDTD trial continued the work of Crowdflex:NIA, and 
demonstrated repeated events rather than single “one-off” 
turn-downs.7 This enabled us to test factors that influenced 
repeated participation in events. While the first event was the 
one with the most engagement, we did note a stabilisation of 
engagement and participation in subsequent events, which 
varied by event window time.

We observed a correlation between customers successfully 
participating in one event, and opting in to a future event. 
In addition to this, being successful in one event correlated 
with success in a subsequent event during the same time 
window on a later date. Future trials should test messaging to 
maximise continued engagement in trials, and to encourage 
re-participation even if unsuccessful in one event.

CUSTOMERS RESPOND POSITIVELY 
TO BEING INFORMED OF THEIR  
SUCCESSFUL REDUCTION AND 
PARTICIPATION IN PREVIOUS EVENTS

7. “Crowdflex:NIA Report”, Octopus Energy and National Grid ESO. https://www.nationalgrideso.com/news/domestic-flexibility-could-reduce-peak-electricity-demand-23-new-study-shows (accessed Nov. 
1, 2022)
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KEY KEY 
FINDINGSFINDINGS

During the two hour flexibility window, we observed a net 
reduction of electricity consumption in each half-hour. During the 
BDTD trial, we observed that customers who were successful 
reduced by more than the target amount during the window (i.e 
they didn’t tend to reduce by “exactly the target amount”). This 
led to significant observed turndown in each flexibility window 
overall.

There was an additional benefit observed on the trial day as a 
whole. According to the baselining methodology chosen, a net 
reduction in energy consumption was observed on each of the 
trial days. While some individual customers may have shifted 
load (having higher-than-baseline values outside the window), 
others destroyed this load (so used less energy overall). The net 
effect overall was demand reduction for each of the opted-in 
trial participants on each trial event day. According to a post-
trial survey with a sample of 4,000 customers, based on claimed 
behaviours:

• 47% of customers manually turned down their demand, and 
used it at another time

• 23% of customers scheduled their appliances to consume 
electricity at a different time (for example, electric vehicles)

• 30% of customers used less energy overall

Future trials should look to understand these “around-
window” effects more thoroughly using alternative baselining 
methodologies to increase our confidence in a net daily demand 
reduction. If this effect is observed in subsequent trials, it could 
be concluded that these flexibility events have wider system. 

FLEXIBILITY EVENTS COULD ALSO HAVE 
SIGNIFICANT BENEFITS AROUND THE 
EVENT WINDOW AS WELL AS DURING THE 
EVENT WINDOW ITSELF

Future trials such as Crowdflex will explore the turndown 
potential of different types of households in more detail. However, 
further preparatory work is required to identify correct trial 
design choices such as the forecasting methodology to be used 
as a baseline for a household’s usual electricity demand.

In addition, the BDTD trial is foundational work for observing 
important correlations between household attributes and their 
response to a turndown event (in terms of success rate, and 
kWh turndown). But due to the limited number of events, we 
are unable to conclusively determine causation between these 
various factors and household response. 

Moreover, we require models which accurately predict the 

FUTURE WORK WILL EXPLORE SCALING 
THESE TRIALS TO BUILD BETTER MODELS 
OF DEMAND AND FLEXIBILITY

amount of turndown per household during the turndown window, and 
to quantify the level of uncertainty in these predictions to ensure that 
the learnings from flexibility trials can be appropriately incorporated 
into the energy market. Domestic flexibility might participate in 
different grid services, so it will be important to develop good models 
that enable us to bid into these services.

Domestic flexibility is a probabilistic resource; while increased 
automation might mean domestic flexibility can provide a firmer 
response, there is huge untapped potential in the remaining “non-
automated” households, but one we can unlock the value of and 
understand better through further trials. Treating this resource as 
stochastic, rather than deterministic, can also unlock additional value 
for the energy system (as is being explored in Crowdflex).

Domestic flexibility as a balancing service can help us better match 
demand with supply. This enables us to reduce operational costs, 
reward households and ensure we maximise the potential of utilising 
variable renewable energy in our future energy system.
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1. INTRODUCTION1. INTRODUCTION

PREVIOUS WORK INTO  
DOMESTIC FLEXIBILITY

Typically trials looking at domestic flexibility have focussed on 
customers with LCTs. For example, the CLNR project in 2013 
considered some 9000 British Gas customers with some form 
of LCTs or appliances that could exploit Time-of-Use (ToU) 
tariffs. 8 Similarly, Low Carbon London in 2014 considered 
16,000 households in London.9 More recently, small scale 
studies such as Sciurus focusing on EVs and V2G only, LEM 
on home batteries and solar panels, or Smart Community 
Demonstration Project on heat pumps have been conducted 
using 100 - 400 households. 10,11,12

Crowdflex:NIA engaged 35,000 Octopus Energy customers in 
a one-off turn up event and 1,200 Octopus Energy customers 
in a one-off turndown event.13 Results found there was 
potential to increase demand by 5.8 kW (on average) per 
participating household and decrease demand by 0.6 kW (on 
average) per participating household.

Finally, Octopus Energy customers in specific postcodes in 
Scotland were also asked to participate in a Windy Day Fund 
trial.14 Customers were asked to increase their electricity 
consumption during periods of high wind generated electricity. 
Over 2,500 customers participated to shift 20 MWh of demand 
to match times of plentiful renewable wind generation (and 
out of peak times).15 Much like the BDTD trial, the Windy Day 
Fund trial also focussed on the impact of repeated requests to 
shift demand, but with a focus on increasing demand.

System flexibility is an essential step to achieving the UK’s net zero targets by 2050, and domestic 
flexibility will need to play a vital role. The rise of controllable low-carbon technologies (LCTs) in the 
home, such as electric vehicles (EVs), heat pumps, storage heating and home batteries may increase peak 
household demand if not controlled intelligently. 

However, it will also increase the options available to consumers to participate in, and benefit from, 
demand shifting. By dispatching domestic demand passively and actively through price signals, large 
system balancing and upgrade costs can be avoided which would otherwise be passed onto consumers 
through their bills. With system balancing costs at an all-time high, it is now more important than ever to 
capitalise on the untapped potential of domestic flexibility.

The objective of the Big Dirty Turn Down (BDTD) trial was therefore to prove the potential of domestic 
flexibility to respond to system needs. 

THIS WORK

This BDTD Trial is a study into the short-term response 
potential of domestic customers to reduce their demand 
when the system is judged to be under stress. The objective 
of the trial was to prove the potential of domestic flexibility in 
responding to system needs by:

• Identifying the key drivers influencing the likelihood of 
participation and magnitude of response a household 
may provide, such as incentive structure, and time of day;

• Understanding the cost of domestic flexibility and how it 
compares to balancing actions;

• Quantifying the potential volumes available for National 
Grid ESO (NGESO) use in system operations today; and

• Removing barriers to utilise domestic demand as a 
flexible resource during times of typical high demand and 
low renewables.

With 105,320 customers opted-in, this is the largest 
domestic flexibility programme to date. It proved the ability 
of customers to respond to real grid signals day-ahead and 
reduce demand when system demand is high and renewables 
output is low.

A high level summary of findings from this trial was published 
by Octopus Energy earlier this year and is available online.16 
This report delves more deeply into the results of the trial 
and the lessons learned to inform future work on domestic 
flexibility.

8.  “Developing the smarter grid: The role of domestic and small and medium enterprise customers”, Customer-led Network Revolution. http://www.networkrevolution.co.uk/wp-content/uploads/2015/04/
Domestic-SME-Final.pdf (accessed Nov. 1, 2022) | 9. “Low Carbon London”, UKPN. https://innovation.ukpowernetworks.co.uk/projects/low-carbon-london/ (accessed Nov. 1, 2022) | 10. “Project Sciurus: 
Domestic V2G Demonstration”, Cenex. https://www.cenex.co.uk/projects-case-studies/sciurus/ (accessed Nov. 1, 2022) | 11. ”The future of flexibility: How local energy markets can support the UK’s net zero 
energy challenge”, Centrica. https://www.centrica.com/media/4609/the-future-of-flexibility-centrica-cornwall-lem-report.pdf (accessed Nov. 1, 2022) | 12. ”Implementation Report for Smart Community 
Demonstration Project in Greater Manchester, NEDO. http://media.ontheplatform.org.uk/sites/default/files/NEDO-UK%20FINAL%20REPORT%20FULL.pdf (accessed Nov. 1, 2022) | 13.  “Crowdflex:NIA 
Report”, Octopus Energy and National Grid ESO. https://www.nationalgrideso.com/news/domestic-flexibility-could-reduce-peak-electricity-demand-23-new-study-shows (accessed Nov. 1, 2022) | 14.  “Windy 
day fund trial”, Octopus Energy. https://octopus.energy/blog/windy-day-fund-trial/ (accessed Nov. 1, 2022)  | 15. “Powering up: Scottish customers use energy to help the grid AND cut bills in UK-first trial”, 
Octopus Energy. https://octopus.energy/press/powering-up-scottish-customers-use-energy-to-help-the-grid-and-cut-bills-in-uk-first-trial/ (accessed Nov. 1, 2022)  | 16. “The Big Dirty Reveal”, Octopus 
Energy. https://octopus.energy/blog/the-big-dirty-reveal/ (accessed Nov. 1, 2022) 
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TRIAL OVERVIEW
Octopus Energy (OE) customers were invited to ‘opt-in’ to the trial and reduce their consumption during a two-hour window by a 
specified target relative to their historical demand and received a credit for participation. The trial period began on 11 February 2022 
and ended on 31 March 2022, with turndown events taking place Monday to Friday and corresponding nominations Sunday to Thursday. 
In total, eight events were run as part of the BDTD trial, covering three trial window times. 

17. “The Big Dirty Reveal”, Octopus Energy. https://octopus.energy/blog/the-big-dirty-reveal/ (accessed Nov. 1, 2022)

2. APPROACH2. APPROACH

HIGH LEVEL TRIAL PROCESS

1. Pre-trial period - An email was sent to customers asking 
if they would be interested in receiving information and 
participating in future turndown events. The households who 
agreed were considered to be the full trial group and only 
these customers were able to participate in the subsequent 
turndown events.

2. Day before a turndown event (16:00 – 21:00) – Email/text/app 
notifications were sent to the full trial group inviting them to 
opt-in to the upcoming trial, scheduled on the following day. 
Only customers who accepted this invitation were considered 
to be participants in the specified trial. This email would also 
include details of the target reduction, both as a kWh value 
and percentage reduction (30% or 40%, see Trial window 
times below). A reminder notification was sent to participants 
with details of the trial and their target shortly before the trial 
started.

3. During the turndown event – The customer would reduce 
the household demand by the target percentage relative 
to their predicted demand across the two-hour period. 
Their predicted demand is also referred to as the baseline 
for a given customer, and represents the counterfactual 
consumption profile for a given customer if they were to 
not participate in the turndown event. The baseline for the 
two-hour window was defined as the sum of the baseline 
values for each settlement period, or half hour, during the 
trials. More detail can be found in Section Baselining and 
settlement.

4. Post turndown event – Smart meter readings for each 
settlement period during the trial were aggregated and 
compared to the baseline for the time window. If the 
difference was greater than the target set, the customer was 
deemed to have been successful in the trial and therefore 
received the amount as specified by their incentive. There 
was no penalty if the customer was unsuccessful.

Figure 2.1: A simplified schematic of the notification process from a customer perspective. 17 



Why the demand reduction target was chosen

The demand reduction target was fixed at a specific 
percentage for all households with the following criteria:

• It would be achievable for households;

• It would be high enough to signal a deliberate change in 
behaviour, relative to the baseline.

A target of around 40% demand reduction (30% for overnight 
events, since there is typically less controllable load 
overnight), set by Octopus Energy, was chosen as it was likely 
to meet these criteria. The target level that sees the largest 
reduction, but is still achievable by households, has not been 
explored or optimised for in previous trials and should be 
reviewed in future trials to maximise total turndown (with 
high levels of participation, but also success).

In addition, the target was fixed at a single value for 
simplicity. Alternative schemes that look at per-household 
fixed targets, or phased incentives per % of turndown, were 
not explored in this trial but could be a focus of subsequent 
trials.

Trial window times

NG ESO selected three two-hour windows to focus for the BDTD 
trial. The windows were chosen in line with advice from the 
Electricity National Control Centre, and are as follows:

• 00:00 - 02:00, referred to as overnight events in this report, 
with a target turndown percentage of 30%,

• 09:00 - 11:00, referred to as morning peak events, with a target 
turndown percentage of 40%, and

• 16:30 - 18:30, referred to as grid peak events, with a target 
turndown percentage of 40%.

Nomination of a trial day

NG ESO’s Market trial team set thresholds for the 12:00 day ahead 
de-rated margins forecast.18 If a settlement period within the 
set time windows had a forecast below this value, a trial event 
was triggered for the following 23:00 - 23:00 Electricity Forward 
Agreement (EFA) day. If more than one time window was triggered, 
the latest time window would be chosen for the trial. 

Before 16:00 each day, NG ESO Operational team checked the 
12:00 day ahead de-rated margin forecast, sent an email to OE to 
initiate a trial event for the specified time window in the following 
23:00 - 23:00 EFA day. As such the chosen dates and times were 
known to OE by 16:00 the day before the trial.

Once a time window had been triggered for three events, it would 
not be considered for future trial events. If the thresholds were not 
met for a given day, or if for whatever reason the 12:00 day ahead 
de-rated margin forecast was not published, no trial event was 
initiated for the following day.
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OPT-IN CRITERIA  
FOR CUSTOMERS
The following types of customers were eligible to 
participate in the BDTD trial:

1. Participants had to be an Octopus Energy (OE) 
electricity customer since December 1st 2021. This 
ensured that there was sufficient historical data over 
which baselines could be calculated.

2. Participants needed to have a working smart meter, 
which sends OE half-hourly readings. This ensured 
that electricity consumption during the trials could 
be automatically collected and thereby payment for 
successful customers could be accurately calculated.

3. Participants had to be on an import-only tariff for 
simplicity; export meters with patchy data would have 
added complexity to the turndown calculation. 

The eligibility criteria was kept minimal to encourage the 
highest possible opt-in rate.

OVERVIEW OF DATA COLLECTED 
DURING THE TRIAL
For customers who opted in to the BDTD trial (the “trial group”), 
pseudonymised account numbers were collected in order to:

• Send information about each trial event, including the time 
window and whether or not they wanted to opt in;

• To calculate their reduction target, based on historical smart 
meter data, which was included in each email; and

• To send follow up emails notifying customers of their 
participation outcome (i.e. how much they managed to reduce 
by, and whether or not they were successful).

Smart meter data was used to calculate the predicted demand, 
their actual demand, and therefore the demand reduction during 
an event. Using these, it could be ascertained whether they were 
successful and to calculate payment for successful participants.

After the BDTD trial had concluded, participants were sent a 
follow up survey asking about their experience, what appliances 
they had at home and how they reduced their demand. Additional 
information was also collected for analysis, which we outline in 
the section ‘Data collected for analysis’.

TRIAL DESIGN CONSIDERATIONS

18. “Loss of Load Probability (LoLP) and De-rated Margin”, Elexon BMRS. https://www.bmreports.com/bmrs/?q=transmission/lossloadProbDerateMargin (accessed Nov. 1, 2022)



Trial days chosen 
 
The BDTD trial consisted of the follow 8 events 
(three evening, three morning, two overnight, all on 
weekdays):

Customer communications around each trial  
 
Once a trial event was triggered, an event notification was sent 
to the trial group between 4pm and 7 pm the day before the 
trial. The notification included information about the timing of 
the trial, the customer’s target reduction (both in kWh and %), 
and their chosen incentive. This email asked customers to opt-in 
by clicking on a link in the notification. The exact method of 
turndown was left up to the customer, with communications not 
including customer-specific guidance on how to reduce their 
demand. For an example customer event email, refer to Figure 
2.1.

Customers who opted into the trial received a further email 
notification, roughly 30 minutes before the event, confirming 
that the event was going ahead and the time window of the trial. 
This email was not sent for the overnight events (00:00 - 02:00) 
due to the lateness of the event start time, but was sent for the 
morning (09:00 - 11:00) and evening (16:30 - 18:30) peak events.

All participants were sent information on the outcome of their 
participation within one week.

Upon conclusion of all eight trial events, participants were sent 
an optional survey to ask about their experience, their turndown 
strategy and their willingness to participate in future trials. 

Incentive structure 
 
There were two incentives on offer to participants in the trial:

• The standard incentive: if customers successfully met their 
target, the remaining electricity used in the window would 
be free of charge;

• The alternative incentive: customers were paid per kWh of 
demand reduced relative to their baseline, at a price-per-
kWh equal to their unit rate

The standard incentive rewarded successful participants by 
giving them free electricity during the trial window. This was 
chosen on the basis that “free electricity” is a powerful and 
universally understood message for consumers relative to a 
potentially more varied awareness and understanding of how 
their energy usage equates to 1kWh, especially taking into 
consideration that the financial savings were likely to be small 
(roughly 20p per event). However,  a possible drawback of this 
incentive in motivating consumers to reduce demand is that 
it is not directionally aligned with increasing reduction, i.e. 
customers who reduce more are not rewarded more.

The alternative incentive was offered to half of the trial group, 
chosen randomly. The alternative incentive paid customers per 
kWh of turndown. The advantage of this incentive is that it is 
directionally aligned - the more you turn down, the more you get 
paid. However, for customers to be rewarded according to this 
incentive, customers had to accept the offer. If customers did 
not accept the incentive, or did not respond, they were provided 
the standard incentive. Roughly about 8500 participants, or 10% 
overall, accepted the offer and were on the alternative incentive 
mechanism for the duration of the trial.
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Event Date Event Window Event Window 
Type

Thursday 24th 
February 2022

16:30 - 18:30 Evening

Friday 4th March 
2022

16:30 - 18:30 Evening

Thursday 17th 
March 2022

00:00 - 02:00 Overnight

Friday 18th March 
2022

09:00 - 11:00 Morning

Tuesday 22nd 
March 2022

16:30 - 18:30 Evening

Thursday 24th 
March 2022

00:00 - 02:00 Overnight

Tuesday 29th 
March 2022

09:00 - 11:00 Morning

Table 2.2: A table showing each of the trial events in the  
BDTD trial, including the date and window time of the trial

Baselining and settlement 
 
Baselining was undertaken by OE for each customer for 
each settlement period of the trial day. The baseline was 
calculated by taking the mean average of the electricity 
consumption from the same day and settlement period 
from the previous four weeks, i.e. four readings for each 
settlement period. If historical readings included data from 
trial days, they would be excluded.

The baseline was calculated for each customer to predict 
their expected electricity consumption on the trial day, sum 
up those values in the identified trial window and apply the 
percentage reduction to generate the customer’s target. 
When smart meter data for the trial day came through on 
the following day, OE could measure whether or not they 
were successful and calculate payment for successful 
participation.

The baseline was also aggregated for all households in 
a single Grid Supply Point (GSP) to create an expected 
demand reduction for each GSP. At midday (day-ahead), 
a forecast was sent to National Grid ESO from OE based 
on the full trial group and participation percentage. After 
an event was triggered, an updated forecast of demand 
reduction was provided to National Grid ESO based on the 
number of households that had actually opted in to the trial 
event. Post-event, data including the aggregated demand 
reduction at GSP level was sent to National Grid ESO, for 
settlement.
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19. “Rural Urban Classification Methodology”, GOV.UK. https://www.gov.uk/government/collections/rural-urban-classification (accessed Nov. 1, 2022) | 20. “Decision for Typical Domestic Consumption Values 
2020”. Ofgem. https://www.ofgem.gov.uk/publications/decision-typical-domestic-consumption-values-2020 (accessed Nov. 1, 2022) | 21. “Marginal Emissions API Methodology”, WattTime. https://www.
watttime.org/marginal-emissions-methodology/ (accessed Nov. 1, 2022) | 22. “Demand Flexibility Service”, National Grid ESO. https://www.nationalgrideso.com/industry-information/balancing-services/
demand-flexibility (accessed Nov. 1, 2022) 

DATA COLLECTED FOR ANALYSIS
For each customer opt-in, the following dimensions were analysed:

• Event date

• Event window time

• Forecasted demand (kWh)

• Actual demand (kWh)

• Target demand reduction (kWh) = {30%, 40%} of Forecasted 
demand

• Demand reduction (kWh) = Forecasted demand - Actual demand

• Successful participation (False if Demand reduction < Target 
Demand reduction, otherwise True)

The following customer metadata was joined and analysed in 
aggregate:

• Customer tariff information (Fixed, Standard Variable, Time-of-
use tariffs, Automated tariff, etc)

• EV ownership (determined from a combination of tariff 
information and surveys; complete LCT ownership was not 
known for all participants)

• Incentive type (Standard incentive vs Alternative Incentive)

• Urban or Rural (derived from Government Rural Urban 
Classification based on the LSOA)19

• Index of Multiple Deprivation (defined as the 2019 IMD value 
of the LSOA containing the household) split into quintiles (very 
low, low, medium, high, very high)

• Distribution Network Operator (DNO) Region

 
Octopus offers a variety of EV tariffs, including Octopus Go, 
Intelligent Octopus and Tesla Energy Plan. This tariff information, 
combined with other OE-specific surveys, was used to derive 
customer EV ownership.

An additional variable was defined to determine the “usage 
category” of a specific customer flexibility event. For the BDTD trial, 
households were classified into high, medium, and low demand 
categories for each event time window based on their predicted 
demand in that window relative to all other customers who had 
opted in to that window.

A single household might fall into two different demand categories 
on different trial windows, for example if they are on an “Economy 
7 style” tariff with electric hot water and storage heaters then they 
might have “high” predicted electricity consumption during the 
overnight window but “medium” electricity consumption during the 
grid peak window. It is worth noting that the classification method 
used for this trial is not comparable to Ofgem typical domestic 
consumption values (TDCVs). This is because the TDCVs reflect the 
typical consumption of households in a year rather than a two hour 
window making it hard to equate the two.20 

For each customer flexibility event opt-in, their predicted demand 
(kWh) was ranked relative to all other customer opt-ins for that same 
window type (Overnight vs Morning vs Evening) and assigned to one 
of three categories (low, medium and high), split evenly amongst 
the three (33% or less was “Low”, 66% or greater was “High”, else 
“Medium”).

Event Window 
Time

Low Demand 
Category

Medium 
Demand 
Category

High Demand 
Category

Overnight
00:00 - 02:00

Less than 0.42 
kWh

Between 0.42 - 
0.95 kWh

More than 0.95 
kWh

Morning peak
09:00 - 11:00

Less than 0.69 
kWh

Between 0.69 - 
1.32 kWh

More than 1.32 
kWh

Table 2.3: A graph showing Centre for Net Zero “demand categories”. A “demand 
category” is a category for a household’s predicted demand in a 2 hour flexibility event, 
split into “low”, “medium” and “high”, with values relative to all other opted-in house-
holds across all trial events.

MEASURING THE MARGINAL 
EMISSIONS IMPACT OF THE BDTD
To measure the emissions impact of the BDTD trial, Centre for Net 
Zero partnered with WattTime to use their marginal emissions API 
to quantify the amount of carbon saved overall. Their approach 
builds on and improves the published literature to have a grid-
specific model of marginal emissions at each half-hour. 21

It is important to use the marginal emissions here rather than the 
average system emissions, since each kWh of reduction would have 
reduced our reliance on the marginal generator. Note that since 
marginal emissions data is not published by ESO, the model is still 
an approximation of the marginal emissions impact.

The smart meter data from each trial day was aggregated by 
summing together the demand reduction in each half-hour for 
each individual household. This gave us the net demand reduction 
(or increase) at a given half-hour, relative to the baseline, for each 
of the 8 trial days. Then, Centre for Net Zero used WattTime’s API 
to calculate the half-hourly marginal operating emissions rate 
(MOER) and multiplied the two together, and summed over all event 
days. This gave us a single value, in tonnes of CO2, of emissions 
avoidance across the trial. This value includes individual customers 
shifting demand as well as reducing demand.

IMPACTS ON FUTURE RESEARCH
In Winter 2022, the Demand Flexibility Service will be tested by 
National Grid ESO.22 This will send turn-down signals to various 
flexibility providers (e.g energy suppliers and other aggregators) 
that have opted in. This will target more end customers than in the 
BDTD trial, but be used for times specifically when the grid is under 
strain rather than as an ongoing service. 

The learnings from these trials and others, will help inform the 
Crowdflex project: an innovation trial seeking to unlock the 
potential of domestic flexibility targeting an even greater number 
of smart meter customers by running long-term trials and sharing 
learnings with ESO and other stakeholders. Crowdflex will also 
seek to determine the value of domestic flexibility as a potential 
ongoing resource through repeated trials over the next few years.

In addition to this, Centre for Net Zero is embarking on research 
that analyses how different baselining and flexibility models 
perform on different domestic customers in aggregate, enabling us 
to suggest the best methodologies that enable accurate forecasts 
of electricity consumption and measurements of flexibility 
provision.



Different baselining methodologies were not 
actively trialled

The baseline refers to the forecasting methodology for each 
household, and is crucial to obtain the counterfactual energy 
consumption of a customer if they were not exposed to a 
turndown event. It is also crucial for settlement: their electricity 
consumption deviation is measured against the baseline and 
the account is settled accordingly. Only one baseline was 
implemented, with a methodology consistent for all customers, 
across the whole trial. While it was an important element to 
control for this trial, the choice of baseline may change the 
results of these trials.

A forecast can never perfectly predict a household’s behaviour, 
but it may overpredict or underpredict for certain types of 
households in different conditions. This could also have an 
impact in aggregate. It is crucial to explore different baselining 
methodologies, and how they perform on different types of 
customers on different types of days, for future trials.

Adoption of incentive types was skewed

The alternative incentive structure only applied to roughly 10% 
of participants. Since customers had to opt in to the alternative 
incentive, there is potential conflation between customers on the 
alternative incentive and customers who are energy-engaged 
and therefore most responsive to trials. This makes comparison 
between the two groups more difficult to interpret. Future trials 
could look at automatically opting in customers to different 
incentives in a more balanced way.

Confounding factors make it difficult to draw 
specific conclusions

This report analyses a range of factors relating to a household’s 
potential to reduce demand, but the trial was only run over eight 
events. The amount of demand reduction from each household 
can vary a lot, and there are several factors that change together 
- also known as confounding factors. Establishing causal 
relationships requires well-defined counterfactuals and, where 
possible, randomised control trials, at scale.
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TRIAL LIMITATIONS
The sections above outlined and justified several design choices that were made before the start of the BDTD trial. The trial is 
necessarily limited by these choices and the implications of this are set out below. In future research, different design choices might 
be made and tested to assess the effect(s) on customer experience, demand response and the system as a whole to broaden our 
understanding.

Future trials such as Crowdflex aim to provide more 
information into the causal relationship between these 
factors, using the insights gathered from the potential 
correlations observed in this trial as well as other research. 
However, this trial already points at key factors that correlate 
with, and influence, domestic flexibility which extends the 
existing literature.

The trial was run over two months 
 
This BDTD trial helped to answer questions unanswerable in 
Crowdflex:NIA. In Crowdflex:NIA, there was a single turndown 
event, so the participation rates over time were speculative. 
This BDTD trial ran eight events over several weeks, meaning 
participation rate “fall-off” can be measured and understood. 
However, the trial has not been run on an ongoing basis (e.g 
for many more events, or over a longer time frame). While 
there is promising evidence to suggest customers are willing 
to participate in longer-term events, it would be important to 
validate this in further real world trials.

Participants may not be representative of the 
population 
 
Lastly, the BDTD trial only recruited participants from the 
Octopus Energy customer base. The trial was only open to 
customers with a smart meter, and was on an opt-in basis. 
This means there were self-selection effects and a potential 
sample bias. Nonetheless, the insights from this work are 
important for the next steps and future trials could seek to 
recruit customers from other energy providers, using the 
methodology described in this report as a “framework” to run 
similar trials.

Trial only looks at opt-in behaviours 
 
For the results, each customer opt-in event was analysed. 
Further work remains on understanding the reasons for 
customers choosing not to opt-in to events, and how to best 
incentivise them to do so (if appropriate for that household). 
Even though the full trial group was only 105,320 of the 33 
million total households in the UK, we still observe system 
level impacts in CO2 emissions avoidance. Future trials 
looking at greater percentages of the population are likely to 
have wider impacts.
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The amount by which households can reduce their 
electricity consumption depends on many factors, 
including how frequently households are asked to 
reduce their electricity consumption, the time window 
they are asked to reduce it in, the technologies people 
have in their homes, etc. There is a severe shortage 
of large-scale, real world data to understand the 
importance of these factors in domestic flexibility. 
This BDTD trial was the first step in addressing this 
knowledge gap. The eight turndown events provided real 
world insight into how much households could reduce 
over a two-hour period when asked to do so multiple 
times, sometimes on consecutive days. 

Figure 3.1 shows the spread of predicted electricity demand, 
an estimate of the consumption if there was no BDTD trial 
using the baselining methodology, versus the actual electricity 
demand during turndown events. Our goal is to figure out the 
motivating factors that enable households to be successful in 
this trial: i.e moving from the red cluster (where customers were 
unsuccessful at reducing by the target amount) to the blue one.

Below we aim to understand which customers were successful 
in reaching their demand reduction target and the factors that 
may have contributed to their success. Identifying the different 
types of customers, or archetypes, may help explain the 

variability in demand reduction observed. These archetypes are 
based on the factors we have in our dataset, outlined in Section 
Data collected for analysis.

This may in turn increase the reliability of a domestic flexibility 
as a service offering by either empowering customers who are 
unsuccessful to increase their demand reduction, or improving 
estimates of demand reduction of successful customers. 

Understanding this question is central to the design and 
planning of an effective domestic flexibility service that can 
both reward customers for participation as well as benefit the 
grid. In this section we look at three important metrics for a 
variety of customer archetypes:

• Participation / opt-in rates;

• Success rates (i.e, the percentage of customers who 
reduce their demand by the target amount); 

• Demand reduction (in kWh, which may be negative to 
indicate demand increases)

Through the lens of these metrics, we will use real-world 
observations to inform headline findings, and conclude with 
a summary of our results as well as potential future work into 
domestic flexibility, based on the learnings of this trial.

Figure 3.1: Spread of Actual demand vs Forecasted demand (using the baseline). There is a distribution of reduction responses during the flexibility window, meaning that 
some customers are unsuccessful (in red) at reducing by the target percentage - 40% or 30% overnight - whereas others are successful (in blue).

THE BIG DIRTY TURN DOWN
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HEADLINE 1: 85% OF THE TRIAL 
GROUP OPTED IN TO AT LEAST ONE 
TURNDOWN EVENT

The trial group, i.e. those initially recruited for the 
BDTD trial, comprised 105,320 customers. The trial 
group was notified of each upcoming event. There 
was a high response rate; 85% of the trial group 
opted in to at least one event when presented with 
information on their targets and turndown window. 

Headline 1.1: The participants in the BDTD trial 
represented a diversity of electricity consumers

Table 3.1.1 shows some of the characteristics of those who 
opted-in. There were roughly 10,000 participants (12%) with 
EVs. In the section Data collected for analysis, we explain 
how households with an EV were categorised. OE has a large 
consumer base of customers with EVs, but the proportion of 
trial participants with an EV is greater than the proportion of 
customers emailed with an EV (and this result is statistically 
significant).  
 
This suggests that there is a greater propensity to opt-in to 
flexibility events if households own low carbon technologies, 
particularly electric vehicles. This could be extremely beneficial 
for the grid in the long term: as more customers adopt LCTs, a 
high percentage of them are keen to opt in to flexibility events 
and shift their load to help the grid. However, it should be noted 
that the vast majority of participants in the trial did not own 
any form of low carbon technology, and they were still able to 
participate in the trial successfully. 

The majority of participants (71%) were from urban areas 
compared to the national percentage of customers living 
in urban areas which is estimated at 83%.23 The majority of 
customers were from England and Wales, but some customers 
were from Scotland (less than 1,000). OE does not operate in 
Northern Ireland, and there was a simultaneous Scotland-only 
trial - The Windy Day Fund - which had over 2,500 participants 
and customers could not opt-in to both., This is likely to have 
influenced opt-in numbers for Scotland.24,25

About 11% of participants were from an area with very high 
deprivation levels (as determined from the Index of Multiple 
Deprivation - see Section Data collected for analysis) compared 
to 27% of those from areas of very low deprivation levels. A 
perfectly balanced trial across this dimension would expect 
to see roughly 20% of participants in each category. This 
difference in opt-in rates could be due to a variety of factors 
including smart meter take-up in each deprivation level and 
customer willingness to take part in trials. Future trials should 
explore this further, and look at how to vary messaging to 
encourage participation.

Most UK customers are on a fixed or standard variable tariff, 
with some on a static time-of-use Economy7 style tariff. 

Category Archetype Overall number 
of participants 

% of 
participants 

EV ownership EV owners 10,428 11.64%

Rural Urban 
Classification

Rural 
Urban

23,786 
59,167

28.7% 
71.3%

Tariff Type27,28,29 Standard
Octopus Agile
Octopus Go [EV]
Intelligent Octopus [EV]

77,811
1,319
10,111
305

86.9%
1.5%
11.3%
0.3%

Deprivation level30 Very High
High
Medium
Low
Very Low

8,762
13,675
18,229
20,272
22,022

10.6%
15.5%
22.0%
24.4%
26.5%

Incentive structure Standard
Alternative

81,080
8,466

90.5%
9.5%

Table 3.1.1: Overview of the type of customers who opted in to at least one event

Headline 1.2: There were 70,000 participants in the 
first trial and between 40,000-50,000 participants 
in following trials

Figure 3.1.2 shows the number of participants in each trial. The 
first turndown event had over 70,000 participants, following which 
the number of participants dropped, but remained roughly stable 
between 40,000 and 50,000 participants for the rest of the trial. 
The lowest number of participants was observed in the second 
overnight window between midnight and 2am. 

Figure 3.1.2 also highlights that many households participated in 
multiple turndown events. This indicates that domestic customers 
are willing to provide flexibility on multiple occasions. In contrast 
to CrowdFlex:NIA,31 which only tested customer response to a 
one-off request to reduce electricity consumption, this BDTD 
trial gives insight into customer response when asked to reduce 
electricity consumption multiple times. Even for turndown events 
on consecutive days, the total number of participants does not 
seem to reduce by a large amount.

However, the time window of trials does seem to impact opt-
in numbers. For the turndown events taking place during the 
overnight window, the median number of participants was 43,000, 
compared to 45,000 for the morning peak events and 50,000 for 
the grid peak events. This may reflect the practical challenge 
of reducing electricity consumption overnight, especially if 
participants do not have mechanisms to schedule or automate 
activities during the trial period.

Figure 3.1.2: Number of participants in each event, with percentages that show the percent-
age of returning customers which highlights high proportion of repeated participation

27. “Octopus Go”, Octopus Energy. https://octopus.energy/go (accessed Nov. 1, 2022) | 28. “Intelligent Octopus”, Octopus Energy. https://octopus.energy/intelligent-octopus (accessed Nov. 1, 2022)  | 29. 
“Agile Octopus”, Octopus Energy. https://octopus.energy/agile (accessed Nov. 1, 2022)  | 30. “English indices of deprivation 2019”, GOV.UK. https://www.gov.uk/government/statistics/english-indices-
of-deprivation-2019 https://statswales.gov.wales/Catalogue/Community-Safety-and-Social-Inclusion/Welsh-Index-of-Multiple-Deprivation (accessed Nov. 1, 2022): Defined using the Index of Multiple 
Deprivation (IMD) value of the Local Authority District (LAD) of the property associated with the account. England and Wales only (Scottish values are also released, but excluded due to the low number of 
participants from Scotland).  | 31. “Crowdflex:NIA Report”, Octopus Energy and National Grid ESO. https://www.nationalgrideso.com/news/domestic-flexibility-could-reduce-peak-electricity-demand-23-new-
study-shows (accessed Nov. 1, 2022)
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Table 3.1.3: A table of summary statistics for each event, including number of participants, 
opt-in rate, total MWh turndown and success rates. Note that the number of participants is 
rounded to the nearest thousand. Turndown is measured relative to the four week average 
baseline.

Event date Event 
Window 
Time

No. of 
participants 
(% of trial 
group)

Total 
turndown 
(MWh)

% of 
successful 
turndowns

% of 
customers 
who turned 
down

Thursday 
24th 
February 
2022

16:30 - 18:30 72,000 (69%) 47.2 49.4% 76.8%

Friday 4th 
March 2022

16:30 - 18:30 50,000 (48%) 32.8 49.9% 77.2%

Thursday 
17th March 
2022

00:00 - 
02:00

47,000 (45%) 16.5 32.9% 67.3%

Friday 18th 
March 2022

09:00 - 11:00 47,000 (45%) 22.6 53.2% 78.8%

Tuesday 
22nd March 
2022

16:30 - 18:30 46,000 (44%) 28.7 49.3% 77.5%

Thursday 
24th March 
2022

00:00 - 
02:00

39,000 (37%) 23.5 37.9% 70%

Tuesday 29th 
March 2022

09:00 - 11:00 45,000 (43%) 14.8 43.3% 72.2%

Wednesday 
30th March 
2022

09:00 - 11:00 41,000 (39%) 10.1 41.9% 71.3%

 
Headline 1.3: Repeated participation in 
the trial was distributed similarly across 
affluence bands

Splitting out the distribution of multiple event participation 
by Index of Multiple Deprivation (IMD) indicates that 
repeated customer opt-in does not significantly depend on 
affluence, shown in Figure 3.1.4.

As noted previously, the trial slightly over-indexes on more 
affluent customers, but each affluence band is represented 
with over 9,000 customers in each group. Nevertheless, to 
more fully understand the factors affecting the flexibility 
potential of less affluent households more exploration 
is required. This finding shows promise that domestic 
flexibility could be universally beneficial to all households, 
but potentially by varying degrees.

Even when excluding customers with electric vehicles 
(which correlates most strongly with turndown response, 
and IMD), the average turndown of customers with the 
highest level of deprivation (very high) is 0.36kWh. This is 
lower than the range of customers in all other deprivation 
quintiles (high, medium, low and very low) which are in the 
range of 0.45-0.48kWh.

Future trials should continue to explore ways that all 
households can engage in, and benefit from, domestic 
flexibility.

Figure 3.1.4: The distribution of number of events participated in, across participants who opted-in to at least one event, split out by IMD value.
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HEADLINE 2: DIFFERENT INCENTIVE STRUCTURES MAY LEAD TO 
GREATER OPT-IN RATES, SUCCESS RATES AND AVERAGE TURNDOWN

Of all customers who opted in to the trial, 85% opted in to at 
least one event, and two thirds were successful at participating 
in at least one event. 

Of the two incentives (see Section Incentive Structure) in 
effect during the BDTD trial, half of all randomly sampled 
participants were offered the alternative incentive but 
participants had to opt in to it explicitly. Opting out or non-
response defaulted to the standard incentive. As shown 
in Table 3.1.1, only about 10% of those who engaged in at 
least one event were on the alternative incentive but these 
participants included various customer archetypes in similar 
proportion to the whole group meaning the two groups are 
distributionally consistent across measures such as urbanicity 
and LCT ownership.

Figure 3.2.2 shows the proportion of participants by the 
number of events they participated in, split out by the 
incentive structure. A larger proportion (20-22%) of those 

Encouragingly, 50% of participants opted in to the majority of 
events (at least 4). The opt-in rate varied by time window and 
prior success, which is explored in subsequent sections. 

on the alternative incentive opted in to seven or eight events 
compared to those on the standard incentive (10-12%). 
Similarly, around 5% of those on the alternative incentive 
participated in only one event compared to 18% of those on 
the standard incentive. No major differences in other customer 
dimensions, such as urbanity or LCT ownership, were identified 
between customers on the alternative incentive and those on 
the standard incentive, and so it is possible that the higher 
frequency of opt-in may be related to the incentive structure 
itself. Another possible reason for the higher opt-in rate 
could be trial design: since customers had to explicitly opt 
in to the alternative incentive the correlation does not imply 
causation, as it could be confounded by other factors such as 
engagement levels.

Figure 3.2.1: The number of opt-ins and successful participations across a specific number of trial events. Success rates are calcu-
lated over the whole trial group (including those who did not participate in a single event), so success rates conditional on taking 

part in at least one event would be higher.

Figure 3.2.2: Proportion of participation in turndown events by incentive structure

Headline 2.1: 85% of participants opted in to at least one trial, with 10% opting in to all trial events

Headline 2.2: Participants on the alternative incentive opted in to more events than those on the 
standard incentive
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Figure 3.2.4 shows that the average turndown for customers 
on the alternative incentive was greater than the average 
turndown of customers on the standard incentive, across all trial 
events. This graph may suggest the importance of an incentive 
mechanism in maximising the amount of flexibility provision an 
opted-in household provides.

However, as in Headline 2.2, there may be some confounding 
variables. Since customers had to explicitly opt-in to the 
alternative incentive scheme there may be potential self-
selection bias. When looking at the distribution of attributes 
across the two sub-populations (urbanicity, LCT ownership, 
tariff type etc) we find that they are broadly similar, but given 
the additional “friction” to choosing to opt in to an alternative 
incentive, it may be possible that customers who chose to do so 
were more engaged in the trial overall, and want to be paid per-
kWh instead. 

Figure 3.2.4: The (mean) average turndown per event, by incentive type. The bars 
reflect the 95% confidence interval for the estimate of the average turn-down.

Event time window Median turndown (kWh) 
for participants on 
standard incentive

Median turndown (kWh) 
for participants on 
alternative incentive

Overnight (00:00 - 02:00) 0.06 0.07

Morning peak (09:00 - 11:00) 0.25 0.29

Grid peak (16:30 - 18:30) 0.52 0.68

Table 3.2.5: Median demand reduction by event window and incentive structure. 
Demand reduction is relative to predicted demand (“four-week average”).

HEADLINE 3: OVERALL, 3 IN 4 PARTICIPANTS WERE ABLE TO REDUCE THEIR 
ELECTRICITY DEMAND DURING THE TRIAL WINDOW, WITH 35 - 50% OF 
PARTICIPANTS REDUCING BY MORE THAN THE TARGET AMOUNT
In addition to the willingness to participate in turndown events, it 
is also crucial to understand the amount of demand reduction, or 
turndown, participating households are able to offer. However, that 
amount is relative to what participants would have done had there 
been no turndown event. This counterfactual is referred to as the 
predicted demand, or baseline.

This trial uses the four-week average as the standard baseline for 
calculating and communicating turndown targets and conse-
quent results and rewards with participants. Figure 3.3.1 shows 
the distribution of demand reduction both for participants who 
were successful and unsuccessful in achieving their target. The 
percentage reduction target was fixed for all customers at 40% or 
30% (for overnight events), but the target kWh varied depending 

This is confirmed when we look at the opt-in percentage amongst 
customers on the standard incentive vs the alternative incentive, 
by event. For each event, a slightly higher proportion of customers 
on the alternative incentive opted in compared to the standard 
incentive (when restricting only to people who opted in to at least 
one event). Future trials could randomise the incentive type to 
remove this confounder and test incentive types more thoroughly.

For the overnight trials, the median turndown for both groups 
is similar. For grid peak events, those on the standard incentive 
turned down by an average of 0.52 kWh and those on the 
alternative incentive turned down by 0.68 kWh (shown in Table 
3.2.5). There was also a difference for the morning peak events 
but it was not as pronounced.

on each customer’s baseline. What this graph shows is that 
even unsuccessful customers (those who did not hit the tar-
get) still had a positive demand reduction skew - i.e among all 
opt-in events, even unsuccessful customers turned down by 
at least some amount. For customers who were unsuccessful, 
we note that the distribution is heavily peaked around zero. 
In other words, customers opted in but did not significantly 
change their demand relative to their predicted demand.

Participants who reduce their electricity consumption by at 
least their target were considered to be successful. While 
3 out of 4 participants were able to reduce their demand 
relative to their baseline, between 35-50% were successful, 
depending on the time window (shown in Table 3.3.2).

Headline 2.3: Participants on the alternative incentive achieved a higher average turndown in each 
event compared to those on the standard incentive
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Figure 3.3.1: Spread of demand reduction by successful participation. Demand re-
duction based on the “four-week average” as the predicted demand. Blue = custom-

ers who were unsuccessful at reaching their target of 40% (or 30% for overnight 
events), Orange = customers who were successful at reaching the target. Negative 

demand reduction means their demand increased relative to the baseline.

As with opt-in numbers, the proportion of participants who 
were successful, henceforth referred to as the success 
rate, was also dependent on the trial time window. A larger 
proportion of participants were successful during the grid 
peak events (49%) compared to morning peak events (43%) or 
overnight events (35%).

It may be difficult for customers to easily shift demand during 
the overnight period without scheduling or automation mech-
anisms. As the post-trial survey found, participants reported 
that manual turndown was the most common form of engage-
ment in the events. Both these are likely to have contributed 
to the lower success rates for overnight trials. 

Similarly, the amount of turndown is also dependent on the 
trial time window. During grid peak trials, when households 
typically use most electricity, households reduced their elec-
tricity consumption by a median of 0.55 kWh (39%), compared 
to 0.21 kWh (31%) during the morning peak trials. The median 
turndown was much lower during overnight events (0.06 kWh 
or 14%) when households typically use the least amount of 
electricity.

Trial time 
window

Median 
demand 
reduction 
(kWh)

Median 
demand 
reduction 
(%)

% of 
successful 
turndowns

% of customers 
who turned 
down

Overnight
00:00 - 02:00

0.06 14.0% 35.4% 68.7%

Morning peak 
09:00 - 11:00

0.25 35.4% 43.3% 72.3%

Evening peak 
16:30 - 18:30

0.55 39.3% 49.3% 77.2%

Figure 3.3.2: Overview of turndown response by event window. The median 
is taken over events in the same time window. Success rates and demand 

reductions are relative to the predicted demand (“four-week average”).

HEADLINE 4: MEDIAN HOUSEHOLD 
TURNDOWN WAS 0.5 KWH PER 
EVENT, RISING TO 1.9 KWH FOR 
EV OWNERS IN THE OVERNIGHT 
WINDOW

From a consumer and trials design perspective, success 
rates are helpful to understand: we want to maximise 
engagement and continued participation in events, so 
understanding if the target demand reduction levels were 
set appropriately is useful for future work. However, from 
a system perspective it is helpful to analyse the kWh 
turndown per household. 

Figure 3.4.1 shows the median turndown for trial time 
window by tariff type. As has been noted previously, the 
amount of turndown in the overnight window for non-
EV owners is much lower (0.05 kWh for standard tariff 
participants and 0.09 kWh for Agile tariff participants) 
than for EV owners (0.81 kWh for Go and 1.90 kWh for IO 
participants).

We observed that customers on Intelligent Octopus had 
higher average turndown, but also opt-in and success rates 
than those on Go, indicating a link between the ease of a 
managed charging tariff (level of automation) and flexibility 
event participation. However we do note the smaller 
sample size of managed charging customers (hundreds of 
customers, approximately 1,000 customer-events) compared 
to non-managed charging customers.

In the morning peak and grid peak windows, EV owners 
have a similar median turndown to non-EV owners (Figure 
3.4.1). It is the case that average turndown is greater in the 
evening grid peak when compared to the morning grid peak, 
across all tariffs, and is the highest in the evening peak for 
non-EV owners. Trial events during the grid peak had the 
highest opt-in rates, and since all household types fared 
similarly in terms of median demand reduction, it shows that 
there is significant domestic flexibility potential even from 
non-EV owning households during this time window that 
should not be discounted.

Figure 3.4.1: Median demand reduction of all participants by event window and tariff 
type. Demand reduction is relative to predicted demand (“four-week average”).
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Figure 3.6.4: A graph showing the mean average demand turndown (above) 
and the interquartile range of turndown (below), a measure of variability, by 

Distribution Network Operator (DNO) region

Headline 4.1: Domestic flexibility has the 
potential to deliver benefits for the grid in 
every part of the country

As described in Section Data collected for analysis, several 
locational variables were joined to the data to perform 
spatial analysis. In this section, we look at urbanity and 
Distribution Network Operator (DNO) region - the zones that 
define the boundaries between parts of the distribution 
system and often used in grid modelling.

Analysing the turndown by DNO region, we find that the 
average turndown in each area is broadly similar, with 
London being the lowest. When looking at urbanity, we find 
that households in rural areas have slightly higher average 
turndown than those in urban areas, and this effect is 
exaggerated most in the UKPN (London) DNO region, 
which has a high percentage of urban trial participants.

HEADLINE 5: 10 - 50 MWH OF TURNDOWN WAS ACHIEVED PER TRIAL EVENT, 
CORRESPONDING TO 47 TCO2 REDUCTION IN TOTAL
The turndown events also had a system-level impact. Combining 
the reduction in demand of all participants, regardless of their suc-
cess, each turndown event led to 10 - 50 MWh of reduced electrici-
ty consumption during the two-hour window.

As Figure 3.5.1 shows, the total demand reduction was impacted 
by the number of participants and also by the timing of the event. 
The median total turndown for grid peak events was 32.8 MWh, 
14.8 MWh for the morning peak events and 20.0 MWh for the 
overnight events. Assuming constant power, this corresponds to 
a reduction of 16.4 MW, 7.4 MW and 10 MW respectively for the 
duration of a two-hour window.

The total turndown is highest for the grid peak events. This may 
be because more households opted in to grid peak events and 
because demand is typically high so there is greater capacity for 
household flexibility. 

Most DNO regions have similar mean demand turndown, 
close to 0.5kWh, being the lowest in London and highest 
in the South West at 0.61 kWh. Variability, measured by the 
interquartile range (IQR) of turndown, is broadly similar 
in most DNO regions, with London having much lower 
variability. This indicates that while London may have a lower 
mean response, it is potentially more “predictable” due to 
less variability.

In addition, the mean turndown alone is not reflective of the 
total potential of domestic flexibility in a particular zone; 
since London has a high volume of households, the total net 
turndown may be higher at similar levels of opt-in.

The consistency of domestic flexibility response across 
the country indicates that it could be a valuable tool for 
DNOs, and the ESO (e.g for redispatch purposes) across the 
country. Turndown events could be run with corresponding 
turn up events when there are grid constraints across the 
boundaries, for example running turn ups on one side of the 
constraint and turndowns at the other, avoiding curtailment 
and expensive grid balancing, and sharing the value back to 
the households.

This suggests that, if a large enough number of households 
participates in a turndown event, a system-level impact could 
be achieved even if the majority of households do not have EVs 
or other LCTs.

Figure 3.5.1 also shows how much of the total turndown comes 
from EV-owning households. In most events, about 15% of the 
participants are EV owners. However, in the overnight trials, 
roughly 50% of the demand reduction comes from households 
with EVs. As observed in Figure 4.7.1, the median turndown 
from non-EV households is low overnight and the median turn-
down from EV-owning households is high.
 
This explains why EV owners contributed so much to the total 
turndown in the overnight trials even though they did not make 
up a majority of the participants. 



Similarly, relatively low amounts of turndown come from EV 
owners during the morning peak trials, reiterating the point that 
EVs can only provide flexibility when they are plugged in.

Centre for Net Zero used WattTime’s API to quantify the marginal 
emissions impact of the BDTD trial, outlined in Section Measuring 
the marginal emissions of the BDTD trial. It was concluded that 
the net savings overall from the 8 events from the trial was 47 
tCO2, which includes all customer demand shifting as well as 
demand reduction.
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HEADLINE 6: A HIGHER PROPORTION 
OF SUCCESSFUL CUSTOMERS OPTED 
IN TO THE SUBSEQUENT TRIAL 
EVENT WHEN COMPARED WITH 
UNSUCCESSFUL CUSTOMERS
Communication to participants included little information about 
what they should do practically to achieve their turndown 
target. However, successful participants were informed that 
they had been successful in achieving their demand reduction 
target prior to the next trial event. This feedback loop may 
correlate with opt-in rates for subsequent events.

Figure 3.6.1 shows how success in one event correlates with 
opt-in rates in the next scheduled event. 69% of those who 
were successful in one event, opted in to the next event, com-
pared to 44% of those who were unsuccessful. However, it is 
important to state that participants may not have received, or 
read, the email confirming their success before the next event 
so a causal relationship cannot yet be established. Future trials, 
such as CrowdFlex,32 should aim to answer these questions and 
establish causal relationships (e.g through randomised control 
trials) where they exist.

Figure 3.5.1: The overall turndown per event by EV ownership. Turndown is 
defined relative to the predicted demand (“four-week average”).

Figure 3.6.1: Proportion of customers who participated in the next event based 
on their success in the previous event. Success is defined relative to their 

predicted demand (“four-week average”)

32. “Crowdflex”, National Grid ESO. https://www.nationalgrideso.com/future-energy/virtual-energy-system/crowdflex (accessed Nov. 1, 2022)
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HEADLINE 7: CUSTOMERS WHO WERE UNSUCCESSFUL IN ONE EVENT 
WERE LIKELY TO BE UNSUCCESSFUL AGAIN IN A SIMILAR EVENT
While the BDTD trial only comprised eight events, split across 
three window types, we can start to look at the correlations 
between being (un)successful in one window and that same 
customer’s performance during a subsequent event of the 
same type. Figure 3.7.1 explores this possible link. 

During grid peak events, 56% participants who were 
successful once were successful again and 57% of 
participants who were unsuccessful were unsuccessful again. 
Contrast this with 77% of participants who were unsuccessful 
during an overnight trial being unsuccessful again in the next 
overnight trial. Figure 3.7.1 suggests that success, or lack 
of success, in one event and the next event is stronger for 
overnight events than grid peak windows.

Figure 3.7.1: Proportion of participants who participated in two events in the same time window and their outcomes.  
Success is defined relative to their predicted demand (“four-week average”)

While analysis was undertaken to look at specific customers’ 
learning rates (i.e whether repeated interaction in turndown 
events led to more consistent success rates over time) the 
results are inconclusive due to a relatively small number of 
events and large number of confounding variables. 

Further larger-scale trials should look at how customers learn 
to respond to these flexibility events over time, and methods 
of engaging them to boost success rates in a particular event 
window. During the BDTD trial, no guidance was provided to 
participants on how to reduce their electricity consumption. 
However, such information, or alternate messaging, may enable 
participants who had been previously unsuccessful to be 
successful in future trial events. 

HEADLINE 8: CUSTOMERS WHO HAD 
HIGH FORECASTED DEMAND DURING 
THE TURNDOWN WINDOW HAD THE 
HIGHEST SUCCESS RATES
The timing of the trial event clearly impacts the amount of 
turndown households can provide and therefore success rates, 
but customer turndown potential may also be tied to whether 
households usually have relatively high electricity usage at that 
time. We defined a custom “demand category” which mapped 
household-flexibility events based on their predicted demand into 
“low”, “medium” and “high” categories, using the tertile of their 
estimated forecasted consumption for each two-hour window 
relative to all other customers who opted into that event. Note 
that this is different from Ofgem demand categories, which use 
annual electricity (and gas) consumption to segment customers.

For more information on how this was calculated, see Section 
Data collected for analysis.

Figure 3.8.1: Proportion of participants in each CNZ demand category who 
were successful and unsuccessful. Success is defined relative to their pre-
dicted demand (“four-week average”)

Figure 3.8.1 shows the proportion of participants in each 
CNZ demand category. 65% of the participants with 
low forecasted demand in the flexibility window were 
unsuccessful in the trials, compared to 44% of participants 
with high forecasted demand. 
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While this is a useful dimension to filter on, it is also important 
to acknowledge that there may be other confounding varia-
bles that contribute to a household’s success. For example, a 
household with an EV might have high usage overnight when 
the vehicle is charging. If they are consistently successful in 
turning down their demand overnight, their success could be 
driven by their usually high demand, their EV ownership, or a 
combination of both.

These results are encouraging nonetheless; the inference is 
that those with high levels of baseline predicted electricity 
consumption tend to be more successful at turning down by 
their 40% or 30% target, contributing to a larger kWh reduction 
and greater system benefits.

It should be noted that households with a high baseline 
consumption does not correlate just with just affluence - i.e 
those with “larger households benefit more”. For example, a 
less affluent electricity-only household may have a higher 
baseline than a more affluent gas-and-electric household. 

Headline 8.1: EV owners were more successful in 
turning down their demand by the target amount 
overnight compared to non-EV owners

Octopus offers a variety of EV tariffs, including Octopus 
Go, Intelligent Octopus and Tesla Energy Plan. This tariff 
information, combined with other OE-specific surveys, was 
used to derive customer EV ownership.

Even without taking into account the demand categories, 
Figure 3.8.2 highlights that a larger proportion of households 
with EVs succeed than those without EVs in almost all events. 
The only exception being the two final turndown events during 
the morning peak where both groups performed similarly. 

The disparity of success rates between the two groups is 
particularly strong overnight, with only 30 - 35% of non-EV 
owning households succeeding compared to 55 - 62% of EV-
owning households.

There are a few essential learnings here. Firstly, both customer 
archetypes and the trial time window are likely to be good 
predictors of domestic turndown capacity (and success rate). 
Secondly, the vast majority of Octopus Energy EV owners are 
on EV-specific tariffs, such as Octopus Go, and they are usually 
incentivised by their tariff to charge at different types (typically 
overnight). This means that EV owners are usually plugged in 
and charging from midnight. Thus, EV owners usually have high 
demand overnight which they can schedule to other times with 
relative ease. This is likely to be driving the high success rates 
of EV owners for overnight events.

A separate CNZ report looking at EV charging behaviour found 
that EV owners plug out their vehicles in the morning and thus 
are not usually charging or even plugged in between 9am and 
11am.33 Generalising this finding to this trial would mean that 
during morning peak hour trial events, EV owning households 
are similar to non-EV owning households (since they aren’t 
charging their EV). 

This is supported by the data from the trial which concludes 
that in this window EV and non-EV owner success rates 
are very similar. This raises the hypothesis that EV owning 
households may be able to provide large amounts of demand 
reduction but only during periods when the EV is likely to be 
plugged in. For demand turn-up (which is not the focus of this 
report), EVs are likely to be able to respond very easily, and 
successfully, when they are plugged in.

It also notes that non-EV households are typically as successful 
as EV households in the non-overnight windows, meaning that 
LCT ownership alone is not a key driver of success.

Figure 3.8.2: Shows the proportion of successful participants by EV ownership. Success is defined as the percentage of 
customers that reached their target - 40% reduction (30% if overnight) - relative to the predicted demand (“four-week average”).

33. “Learning from Intelligent Octopus: at-home EV charging behaviours & automation”, Centre for Net Zero. https://www.centrefornetzero.org/res/learning-from-intelligent-octopus-at-home-ev-charging-
behaviours-automation/ (accessed Nov. 1, 2022) 
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The success of EV owners in the overnight event windows can 
also be seen in Figure 3.8.3. Both Octopus Go and Intelligent 
Octopus (IO) are EV-specific tariffs with IO offering managed 
charging.34,35 For participants on IO who had opted into a trial, 
the charging was automatically deferred, assuming customer 
requirements for a set state-of-charge by the subsequent 
morning could be met.

The fact that the window was automatically avoided without any 
manual customer intervention is likely why a higher proportion of 
participants on IO are successful in the overnight windows than 
those on Go, even though both groups own EVs. 

This highlights the significance of automation in maximising 
domestic flexibility potential. 

It should also be noted that in the evening and morning peak 
turndown events, a slightly larger proportion of participants on 
the Octopus Agile tariff were successful than the others.36 These 
customers are exposed to price signals on a daily basis as Agile 
is a dynamic ToU tariff. This further adds to the evidence that 
guidance on how to reduce demand, or more frequent exposure 
to such flexibility events, may increase success rates and 
turndown amounts for future trials and events.

Figure 3.8.3: Shows the proportion of successful participants by tariff type. Success is defined as the percentage of customers  
that reached their target - 40% reduction (30% if overnight) - relative to the predicted demand (“four-week average”).

HEADLINE 9: ALTERNATIVE BASELINING METHODOLOGIES COULD IMPACT 
THE RESULTS, AS THE BASELINE MAY HAVE OVERESTIMATED CONSUMPTION
In the BDTD trial, a simple four-week average was used to 
estimate household consumption if there was no turndown event. 
The four-week average takes the mean of the consumption of the 
past four weeks at the same settlement period and day type, i.e. 
to predict what one customer would have used between 00:00 
to 00:30 on Tuesday, the average of what that customer used 
between 00:00 and 00:30 on the previous four Tuesdays was 
used (excluding any previous trial windows)

There is merit in this forecast method. This algorithm is easy 
to scale when there are a large number of customers, the 
output of the forecast is easy to understand and explain to trial 
participants, as well as being simple to implement. However, 
as with any forecasting method, it also has drawbacks. For 
example, as customers move from winter into spring, the four-
week average can overestimate the consumption, particularly 
for customers with electric heating. This is because the four-

week average equally weights consumption from a month ago 
as “equal” to consumption from a week ago, despite the fact 
there might have been very different weather conditions. This is 
particularly important in the “shoulder months” between seasons 
(i.e January - March and October - December) The four-week 
average was used to communicate targets for customers, to 
calculate whether participants were successful and the amount 
by which successful participants should be compensated.

An alternative baseline that could have been used is the day-
before consumption. The demand is predicted to be the same 
as the previous day (both being weekdays). Much like the 
four-week average, it is simple to understand and implement. 
While it does not encounter the data staleness drawback of the 
previous methodology, its own drawback is that its prediction 
does not incorporate many histories of similar events to provide a 
“smoother” prediction.

34. “Octopus Go”, Octopus energy. https://octopus.energy/go (accessed Nov. 1, 2022)  | 35. “Intelligent Octopus”, Octopus Energy. https://octopus.energy/intelligent-octopus (accessed Nov. 1, 2022)  | 36. 
“Agile Octopus”, octopus Energy. https://octopus.energy/agile (accessed Nov. 1, 2022)

Headline 8.2: Households on a dynamic ToU tariff were particularly successful in non-overnight events 
when compared with households on other tariff types, and automation increased the success rate 
overnight
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Since domestic flexibility is a new and unexplored market, 
the most appropriate baseline on a per-unit (household) 
level is a novel research problem. Comparing these two 
forecasting algorithms illustrates the impact that different 
methodologies can have on results. In separate and ongoing 
CNZ research, baselining methodologies are the subject of 
deeper exploration. This includes looking at how baselining 
methodologies from other markets, such as the Capacity 
Market baseline and P376 Baselining methodology (with and 
without in-day adjustment), would apply to domestic flexibility. 
A rigorous comparison of baselines is outside the scope of this 
report. 

Figure 3.9.1 shows an example of the aggregated load profiles 
of EV owners on days when overnight trials took place, along 
with two baselines, the four-week average and the day-before 
consumption. It highlights how, for the event on the 17th March, 
both forecasting methods are similar to each other. In this 
instance, either baseline would give us the same overarching 
narrative though the details may be slightly different. However, 
just a week later, on the 24th March, Figure 3.9.1 shows that 
the day-before consumption was closer to what happened 
outside of the trial window. Perhaps by this point, participants 
have turned off their electric heating and this is not reflected 

in the four-week average but it is reflected in the day-before 
consumption. Thus, for this event, the choice of baseline may 
yield differing conclusions as well as the details being vastly 
different. 

No conclusions on the quality of the baseline should be drawn 
from Figure 3.9.1 as it shows a very specific example where 
the baseline was not as accurate as another one. In addition 
to this, it shows the “average” customer. The performance of 
the baseline will vary between customers even for a specific 
archetype (e.g EV-owning households).

Even in the above graphic, for both baselines we observe that 
the total amount of turndown for the day, for that archetype, 
is less than the predicted amount regardless of the baseline. 
Though the exact amount varies, and the more granular half-
hourly picture looks different, there is a similar daily impact.

More detailed research looking at how a variety of different 
baselining methodologies perform across different customer 
archetypes and time periods is required to conclusively 
recommend the most appropriate baseline for a certain 
flexibility event, and is the subject of ongoing research at 
Centre for Net Zero.

Figure 3.9.1: Average demand profiles of EV customers during overnight events, relative to the standard predicted demand (“four-
week average”) and alternative predicted demand (“day-before consumption”).
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HEADLINE 10: FLEXIBILITY EVENTS MAY HAVE ADDITIONAL BENEFITS 
AROUND THE WINDOW AS WELL AS DURING THE WINDOW

Headline 10.1: Median demand dropped sharply 
at the start of an evening peak event before 
rising slightly, whereas observed demand 
reduction was roughly constant throughout 
overnight and morning peak turndown events

The analysis presented thus far provides insight into what 
happened overall in each turndown event without delving into 
what happened during each settlement period of the trial, or 
what happened around the event window. Without this, it is not 
possible to understand whether participants deferred or reduced 
their electricity consumption, i.e. whether there was demand 
destruction or demand shifting. This section assumes that the 
baseline is well calibrated for each half-hour, but the reader is 
referred to Headline 9 for more information on baselines.

Using electricity smart meters we can measure the aggregated 
response rate half-hourly. Unfortunately more granular 
measurements (which might help determine ramp rates) is not 
possible for all households, though might be available on an 
asset-by-asset basis if they are controlled directly by a flexibility 
service provider (e.g specific low carbon technologies, such as 
heat pumps or EV chargers, which could send data minutely). 
In future trials, devices such as the Octopus Home Mini would 
provide high-fidelity sub half-hourly data to better determine 
ramp rates for non-LCT households.37

In the absence of more granular data, we can look at the half-
hourly smart meter data which show how the average turndown 
changes in each half hour of the two hour flexibility window. We 
find that turndown in morning and overnight windows is roughly 
constant, with higher turndown on average in the second half 
of the evening peak window compared to the first half of the 
window.

Half 
hour 
during 
flex 
event

Mean 
turndown 
(kWh)
during 
evening 
peak 
events

Mean 
turndown 
(kWh)
during 
morning 
peak events

Mean 
turndown 
(kWh)
during 
overnight 
events

1st 0.10 0.05 0.05

2nd 0.13 0.05 0.07

3rd 0.16 0.05 0.06

4th 0.15 0.05 0.05

Table 3.10.1: The mean turndown, correct to 2 decimal 
places, during each half hour of the flex event for each 

event window. Demand reduction is relative to predicted 
demand (“four-week average”). The mean turndown during 
overnight events is right-skewed, since EV-owning house-

holds averaged higher turndown per half hour.

Figure 3.10.2 shows what happened in aggregate on days which 
included turndown events. The solid blue line shows the median of 
the actual demand on trial days whereas the shaded region shows 
the interquartile range (IQR) of the predicted demand. If there was no 
turndown event, the blue line should be roughly in the middle of the 
shaded region. 

Figure 3.10.2 illustrates that the median consumption is closer to 
the lower quartile of predicted demand throughout the day of the 
event – not just during turndown event windows. This suggests that 
if the baseline is an accurate predictor of demand, then consumers 
adjusted their energy usage throughout the day rather than only 
during the window itself. During evening peak event windows, the 
median demand falls entirely outside of the IQR, suggesting that the 
actual demand was in the lowest quartile of the predicted demand. 
The response during the other event windows was not quite as 
strong. 

While household responses may vary, we can see that in aggregate 
there is demand reduction rather than just demand shifting. Demand 
does increase after a turndown event, but does not significantly 
surge before or after the window (at the “portfolio” level).

While not shown here, the median demand of EV-owning households 
falls outside the IQR for both grid peak events and overnight events, 
suggesting a large deviation in overnight demand for EV owners, 
which was expected based on earlier findings in this report.

The results in this section are conditional on the baseline accurately 
predicting consumption if it were not for the flexibility event. Future 
trials, potentially using different baselines (or the same baseline, but 
at different times of the year), should seek to plot similar graphs to 
confirm this result or understand this relationship further.

Figure 3.10.2: The median demand on days when turndown events took place, with inter-
quartile range of predicted demand (“four-week average”)

37.  “Meet Octopus Home Mini”, Octopus Energy. https://octopus.energy/blog/octopus-home-mini/ (accessed Nov. 1, 2022)
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Headline 10.2: On every date that a turndown 
event occurred, total electricity demand was 
lower than predicted - suggesting a net demand 
reduction on each trial day

By comparing the predicted total daily consumption for each 
event date with the actual total daily consumption (Table 
3.10.3), it can be seen that actual demand was lower than the 
predicted for all trial event dates. This suggests a net demand 
reduction on each trial day as a consequence of the trial. This 
again adds to evidence that participants, in aggregate, did not 
only shift their consumption to a period outside of the window, 
but reduced consumption overall.

These results should be read with caution. Firstly, based on 
participant feedback (see Section Customer feedback), only 
30% of respondents reported that they used less and did 
not use it other times. So there is some disparity between 
reported behaviour from a subsample of participants and 
findings from the smart meter data, which could be due to the 
baseline.

Secondly, Figure 3.10.2 and Table 3.10.3 only highlight 
aggregated demand response, not that of individual 
households. There may be participants who increased their 
usage immediately following the events, participants who 
increased their usage before, and others who did neither (and 
thus reduced their demand).

Thirdly, the analysis only presents behaviour of trial 
participants, and not of any customers who did not opt 
in. Given the timing of the trial, it is possible that demand 
reduced for consumers outside of the trial as well, as they 
transitioned away from winter consumption patterns. 

HEADLINE 11: SURVEY RESPONDENTS WERE OVERWHELMINGLY WILLING 
TO PARTICIPATE IN FUTURE TRIALS
After the BDTD trial events concluded, surveys were sent out to 
participants to gather feedback on their experience. Questions 
ranged from how they found the trials, how they engaged 
in them, and whether they would be willing to participate in 
future trials. There were roughly 4,000 respondents.

Of the respondents only 6% reported that they did not like the 
BDTD trial. 57% reported that they “loved” it. 

Furthermore, 39% said that they would be willing to participate 
in future trials up to 4 times a week if they were made 
permanent. When asked what participants would change 
about the trials, the most popular response was more variety 
in timing. 

The survey feedback also sheds light on the strategies 
used by consumers to reduce their electricity consumption: 
predominantly manually switching off appliances, instead of 
scheduling appliances outside of the window. 

The BDTD trial and this feedback only measured response 
from Octopus Energy customers. The self-selection bias of the 
survey respondents both in choosing to opt-in to the trial and 
completing the survey, makes it more likely that responses 
would be polarised (either positive or negative), but the results 
are encouraging for further exploration of domestic flexibility 
potential. 

Future trials should look at replicating these surveys at 
different touch points, with trials such as Crowdflex designing 
a more detailed trial plan to look at ways we can survey people 
after different trial events to understand opt-out rationale as 
well as opt-in behaviours. Future trials could also be replicated 
across different energy suppliers, with results compared, to 
build up a broader and more accurate picture.

Event time window Median turndown (kWh) for 
participants on standard 
incentive

Median turndown (kWh) 
for participants on 
alternative incentive

24 Feb 2022 1,287 1,237

4 Mar 2022 927 841

17 Mar 2022 782 704

18 Mar 2022 816 676

22 Mar 2022 779 623

24 Mar 2022 636 494

29 Mar 2022 760 633

30 Mar 2022 643 601

Finally, this section only looks at what households did on the day 
of the event. It is possible that, even in aggregate, participants 
chose to defer certain activities, such as laundry or EV charging, 
to a different day. To address any one of these issues in detail, 
an appropriate baseline needs to be established. 

Table 3.10.3: Total daily predicted demand (“four-week average”) for each event and 
the observed total daily demand (to nearest MWh).



28

THE BIG DIRTY TURN DOWN

4. CONCLUSIONS4. CONCLUSIONS
The BDTD trial was a large-scale repeated 
flexibility event requesting 105,320 customers 
to turn down across three time windows. There 
was roughly 0.5 kWh demand reduction on 
average per customer but this varied depending 
on the time window and on other household-
specific factors such as urbanity and the LCTs 
owned.

Previous trials focussed on domestic households with 
some low carbon technologies but the BDTD trial showed 
that all households can participate in domestic flexibility 
during grid peaks and have system level impact in reducing 
demand. 

In specific time windows, such as the overnight time 
window, EV owning households were able to provide a large 
percentage of turndown in the overnight period even when 
the majority of participants were not EV-owners.

Customers were more likely to opt-in during grid peak 
and less likely to opt-in overnight. This may be because 
customers had more confidence in their own flexibility 
capacity during grid peak. It may be possible to increase 
this confidence in other periods of the day by providing 
mechanisms to schedule or automate energy consumption, 
or through messaging that explains “tips” to reduce energy 
demand.

Participation in this trial was opt-in by default, meaning only 
those who were willing to shift or reduce their demand did 
so. The scale of this trial shows that even low participation 

of overall households in domestic flexibility on an ongoing 
basis could deliver significant system level carbon and cost 
savings.

The BDTD trial proved consumer willingness and appetite 
to engage in these events on an ongoing basis. In addition, 
we have the suitable technology to implement domestic 
flexibility on an ongoing basis. This potential resource is 
ready to be scaled now: customers are ready and willing 
to participate and we have already observed significant 
system level impact. If this system was scaled nationally 
to 31 million households, and we had 1% opt-in, this could 
result in 155 MWh reduction for a single event, equivalent 
to the power output of almost 250,000 solar panels.38

Future trials and services should iterate “in market” and 
“learn as we go”. There are still potential opportunities to 
improve baselining methodologies and build models that 
predict the flexibility provision of (subsections of) domestic 
households. Through taking an iterative approach, we can 
refine the service and maximise the value of domestic 
flexibility. 

This turndown could be called on in extreme situations 
of grid strain, but flexibility events more generally (both 
turn “up” and turn “down”) present an opportunity for us to 
redesign an energy system that rewards customers who 
participate appropriately for shifting their load and best 
utilising cheap renewable energy, if they are able to do so. 
Crucially, by relying on a domestic flexibility service such as 
this, we can reduce our reliance on gas-balancing flexibility 
which is both carbon-intensive and costly. This could reduce 
operational costs of the grid overall so that everyone 
benefits, including those who do not opt in to the service. 

38. “  How Much Power is 1 Gigawatt?”, Office of Energy Efficiency and Renewable Energy. https://www.energy.gov/eere/articles/how-much-power-1-gigawatt (accessed Nov. 1, 2022)
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5. FUTURE WORK5. FUTURE WORK
Future trials can increase our understanding and 
models of domestic flexibility

There are still some trials ongoing which consider smart 
charging of EVs (Flexibility Beta Zappi),39 and Vehicle-
to-Grid charging of EVs (Powerloop, Electric Nation).40,41 
There are also ongoing trials such as USER and OpenDSR 
which explore the use of artificial intelligence or remote 
management of demand consumption.42,43

To specifically explore incentive mechanisms and 
flexibility provision of heat pumps, the EQUINOX trial will 
look at the flexibility potential, consumer behavioural 
changes and market design process required to unlock the 
flexibility from domestic heating. The trial will run from 
2022 - 2025.44

To build on Crowdflex NIA, a discovery exercise (Crowdflex 
Discovery) was conducted to outline where domestic 
flexibility could have the most value.45 It concluded 
domestic flexibility could be leveraged to provide 
intraday flexibility, in addition to possibly reducing 
capacity requirements if firmer response can be provided 
through automation, and give ESO another tool to 
reduce redispatch costs which could potentially delay 
transmission upgrades.

One of the aims of Crowdflex is to build on the BDTD trial 
through continued large scale turn-up and turn-down 
trials, testing for factors as identified as important by 
BDTD and other existing research. Crowdflex aims to focus 
on all kinds of consumers, not just those with LCTs, when 
requests for demand shifting are repeated and understand 
how domestic flexibility can fit into the balancing markets.

Through these future trials, we can build models that 
predict the amount of flexibility domestic households will 
provide given the number of opt-ins prior to the event. 
These models can be improved and refined over time, and 
form part of ESO’s Virtual Energy System framework.46

• Additionally, since consumers are only rewarded if 
they successfully reach their target with the standard 
incentive, it might impact success rates and further 
opt-in rates to subsequent events (as we have seen in 
Headlines 4 and 5);

• If a baseline underestimates per-household 
consumption, then we would not appropriately reward 
the customer for the full flexibility they provided;

• By having the most accurate model per-household 
or per-archetype, we can aggregate in a bottom-up 
way to provide the highest quality system benefits 
and impact from a given flexibility event intervention 
(looking at how each household archetype is likely 
to react to the turn-down window both during and 
around the window)

• An inaccurate baselining methodology can also 
lead to inaccurate demand reduction calculations, 
meaning calculating the true value fo demand 
reduction can be difficult. A baseline is supposed to 
measure the counterfactual consumption profile (i.e, 
what would the household have done if it were not 
for the flexibility event?). When scaled up to large 
volumes, this can pose difficulties for the system 
operator if they were to utilise this resource in 
balancing actions, since the errors would compound 
up from the household level to the system level.

In future flexibility events, we might instead reward 
per-kWh deviation from the baseline, so not necessarily 
setting a “target” after which flexibility is rewarded. In this 
instance, having an accurate baseline that works across 
different types of customers in a consistent manner is 
crucial for rewarding customers with the full amount of 
flexibility they provide.

Thus, the choice of baseline is important. Similarly, a 
high fidelity model of predicted demand is important to 
forecast turn-up events.

It is hard to compare different baselining methodologies 
amongst themselves on the BDTD trial days. Since 
customers were explicitly told the target amount of the 
“four-week average” baseline, we do not know what their 
behaviour would have been if they were told a different 
target from a different baseline, and the trial events 
certainly confound their daily behaviour. 

To more deeply understand the relationship baselines, 
Centre for Net Zero is undertaking separate research 
investigating different baselines on historical non-trial 
days to be able to recommend baselining methodologies 
that work for different customer archetypes on different 
types of days throughout the year, when a flexibility 
service may be called upon.

Establishing good baselines are crucial to 
rewarding customers and to unlocking the 
value of domestic flexibility as a grid balancing 
resource

Having the most accurate baseline is important for a variety 
of reasons for turndown:

• If a baseline overestimates per-household 
consumption, then consumers would be given 
higher targets to reduce by (if they are set a specific 
percentage) which may not be possible to achieve. If 
customers are given a target that is too high, this could 
impact opt-in rates. 

39.  “Flexibility Beta”, myenergy. https://myenergi.com/flexibility-beta-trial-dsr/ (accessed Nov. 1, 2022) 40.  “Powerloop”, Octopus Energy Electric Vehicles. https://octopusev.com/powerloop (accessed 
Nov. 1, 2022) | 41. “Electric Nation Vehicle to Grid”, Electric Nation. https://electricnation.org.uk/about/the-project/ (accessed Nov. 1, 2022) | 42. “Unlocking the smart grid potential of the UK’s domestic hot 
water tanks”, Levelise. https://www.levelise.com/news/user (accessed Nov. 1, 2022) | 43. “OpenDSR”, Regen. https://www.regen.co.uk/project/opendsr/ (accessed Nov. 1, 2022) | 44. Equinox: Making heat 
flexibility accessible to DNOs and beneficial to customers”, Ofgem. https://www.ofgem.gov.uk/sites/default/files/2021-11/20211008%20EQUINOX%20FSP%20Full%20Submission%20FINAL%20v2.0_%20
REDACTED.pdf (accessed Nov. 1, 2022) | 45. “CrowdFlex Discovery”, Energy Networks Association. https://smarter.energynetworks.org/projects/10027180/ (accessed Nov. 1, 2022) | 46. “Virtual Energy 
System”, National Grid ESO. https://www.nationalgrideso.com/future-energy/virtual-energy-system (accessed Nov. 1, 2022)



Trialling events with different notice periods, 
notification techniques and for different durations 
will broaden our understanding of domestic 
flexibility

 
The event window time was an extremely influential factor in 
the household average provision of flexibility. In the BDTD trial, 
flexibility events were run on three different types of window 
types, but only for 2 hours. Customers were notified day-ahead 
typically by email, but also by text/SMS.

Experimenting and testing different window lengths, for 
example 1 or 3 hours, will broaden our understanding of how 
sustained a turndown or turn up can be from a household.

Crowdflex:Discovery highlighted that additional value could 
be provided for a firmer response and closer to real-time 
delivery.47 While this may only be possible for a subset of 
customers e.g those with electric vehicles, future trials could 
test intraday notification for flexibility, which would reward 
customers more than day-ahead. There may be additional 
challenges with this approach, that future trials should look to 
understand.

In the future, trials could test more streamlined notification 
processes. Emails / SMS work now, and are easily scalable, 
but trial participants may miss the email opt-in. Other potential 
notification techniques could include app push notifications 
which make it simpler to opt in to different events, and give 
customised advice and reminders. In any case, the messaging 
for the BDTD trial was kept consistent across events, but the 
messaging could be varied for different customers to test the 
response rate.

Identifying the true value of domestic flexibility 
for system needs and ensuring the right incentive 
mechanisms should be an important aspect for 
future trials 

Domestic flexibility is a new service, and understanding how 
to price it will be difficult without innovation trials and reports 
that help to understand its value. Appropriate pricing and the 
right incentive mechanisms will be crucial for the success 
of an ongoing domestic flexibility, since households will only 
participate regularly if it provides meaningful returns for 
shifting their energy use. Trials such as Crowdflex should 
work to quantify the value of domestic flexibility and compare 
the cost of actioning a domestic flexibility request with other 
balancing actions. This is a hard thing to do, as all flexibility 
markets are slightly different, and serve different purposes.

Crowdflex will work to quantify the value of domestic flexibility 
taking part in existing services, for example on the Balancing 
Mechanism (costing approximately £1.5Bn in 2021/22) and 
Reserve and Frequency Markets (costing approximately £1Bn 
in 2021/22). 49 Domestic flexibility generally, which includes a 
mix of turndown and turn up events, could enable us to reduce 
the system operational costs using existing (and potentially 
future) flexibility markets and services. One idea is to run 
simultaneous turndown and turn up events on either side 
of a grid constraint, sharing the value of this service to all 
participants. This could have the dual benefit of a cheaper-
to-run energy system, more aligned to maximise the benefits 
of renewables, which reduces costs for everyone in addition 
to paying participating customers for providing services. It 
will be crucial to quantify this value and pay households fairly 
for the service they provide, especially if it avoids increasing 
operational costs. 50,51

Other research has suggested that the principles for domestic 
flexibility should be priced the same as other large scale 
assets, since in aggregate they provide the same system 
impact (though domestic flexibility is decentralised, whereas 
other grid assets are centralised). 52 

Domestic flexibility could offer broader value streams, too, 
in new and emerging markets adjacent to the energy system 
(though this is out of scope for this report). Provided their 
measurement can be agreed and standardised, emissions 
avoided as a result of domestic flexibility behaviours, enabled 
through ESO and DNOs, could have value in the carbon offset 
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It will be important to test large scale events that 
turn up as well as turn down on a repeated basis 

 
The BDTD trial gave an unparalleled view into large-scale 
turn-down events, and correlations between different factors 
could be understood to provide insight into the running of 
future trials and services. The BDTD trial events took place 
in February and March, so one useful extension would be to 
trial it for different months of the year and test how response 
varies. This is one of the goals of Crowdflex.

Also this trial only looked at one “side” of domestic flexibility. 
Future large-scale trials should consider turn up as well as 
turn down. The Windy Day Fund trial by Octopus Energy was a 
medium-scale trial with 2,500 customers in specific Scotland 
postcodes only.48  It is likely that further trials are needed over 
different times of the year, perhaps in other locations, to better 
understand the impact of turn-ups on the system.

Turning up will enable us to maximise the value of renewable 
energy, by avoiding curtailment of wind and solar assets in 
specific parts of the country and rewarding customers with 
extremely cheap (or potentially free) energy during these 
times. In addition, turning up at one time will affect the load 
curve at different times of the day, meaning demand is likely 
to be reduced at other times as households shift tasks into the 
“turn up window”.

47. “CrowdFlex Discovery”, Energy Networks Association. https://smarter.energynetworks.org/projects/10027180/ (accessed Nov. 1, 2022) | 48. “Windy Day Fund Trial”, Octopus Energy. https://octopus.
energy/blog/windy-day-fund-trial/ (accessed Nov. 1, 2022) | 49. “Crowdflex: Show and Listen”, National Grid ESO. https://smarter.energynetworks.org/projects/10037410/ (accessed Nov. 1, 2022) | 50. “Open 
letter on trends in balancing costs”, Ofgem. https://www.ofgem.gov.uk/sites/default/files/2021-12/Open%20letter%20on%20trends%20in%20balancing%20costs%20in%202021.pdf (accessed Nov. 1, 
2022) | 51. “UK’s balancing costs tripled in winter”, EnergyLive News. https://www.energylivenews.com/2022/07/18/uks-balancing-costs-tripled-in-winter/ (accessed Nov. 1, 2022) | 52. N. Lal and L. Brown, 
‘An Australian DER Bill of Rights and Responsibilities’. arXiv, Aug. 11, 2022. doi: 10.48550/arXiv.2112.04855.
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