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Abstract

High frequency (5-minute) heat meter power and energy data from 4 large residential sites in
London, consisting of a total of 855 dwellings, has been analysed over a 4.5-year period pre-,
during and post- the COVID-19 pandemic.

The analysis shows there have been changes in the average residential daily demand profile
between the years 2019 — 2022: between 2019 and 2020, the morning peak decreased by
¢.20%, while the usage between the hours of 10am — 4pm increased. The 2021 profile is
similar to the 2020 profile, but the 2022 profile shows an increased morning peak and
decreased usage in the middle of the day. The evening peak remains constant across all years.
Furthermore, the average daily consumption increased year on year from 2019 to 2021, before
showing a decrease in 2022.

These changes are in line with the lifestyle changes that occurred due to the COVID-19
pandemic: residents were less likely to wake up early and were more likely to stay in their
homes during the day.

For domestic hot water use, a similar pattern was observed between 2019 — 2022 as in the
average daily profiles. It was also noted that, even pre-COVID, the profile was found to differ
from that given by the Hot Water Association.
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1. Introduction

When sizing a heat network, there are 3 key inputs required to describe the heat usage of each
connection: the annual demand; the peak demand; and the demand profile.

The total annual demand determines the fuel usage of the heat source and therefore has an
impact on sizing the utility connection. Total fuel usage will also be used to estimate the
carbon intensity of the network, and this may impact whether the network build will go ahead.

The peak demand is the highest instantaneous power requirement of the connection. This will
be used to size the plate heat exchanger in the substation/heat interface unit (HIU). The
culmination of all peak demands in the network will be used to size the heat generation
equipment, pipes and pumps. A key attribute of heat networks is that the peak demands will
not all occur at the same time, and so the peak generation requirement of the energy centre is
not simply the sum of the peak demands of all connections. This attribute is called the
network diversity. Applying an appropriate diversity ensures pipes and plant equipment are
not oversized, reducing capital cost and operational heat loss.
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CIBSE CP1 2020 (1) outlines the methodology to calculate the space heating and domestic
hot water (DHW) diversity, and CIBSE Guide A (2) finds the overall diversity factor on a
large network with a wide mix of customers is around 70%. CP1 refers to two Danish sources
(Varme Stabi (3) for space heating diversity and DS 439 (4) for hot water diversity) as there is
a lack of sufficient UK data.

The demand profile of a connection shows how the demand varies throughout the day, week
and month, and the interaction between the demand profiles of all connections determines the
diversity. For example, if the two anchor loads can be shown to achieve their peak demand at
different times of the day, there could be an argument to reduce the diversity lower than 70%.
Conceptually, this might be expected to happen for a school (where demand is highest from
9am to 4pm on weekdays) and a gym (where demand is highest on evenings and weekends).

Applying an accurate demand profile to connections may also enable heat network operators
to make use of variable electricity tariffs (applicable to heat pump led networks) to reduce the
cost of heat delivered. If the daily profiles are showing low heat demand overnight, the
strategy could be to charge large thermal stores overnight when electricity tariffs are lower.
However, if in practise there is high demand overnight, there will not be a chance to charge
the thermal stores with the lower cost heat.

Therefore, it is key to use real-world data to create typical daily profiles for building and
dwelling types.

The typical daily profile for a residential dwelling is traditionally consistent and well
understood: there are peaks in the morning and in the evening and troughs in the middle of the
day and overnight. However, it’s important to consider the lifestyle of the occupants, for
example where most of the occupants are expected to have similar daily routines (e.g. student
accommodation) there will be less diversity.

A significant lifestyle change occurred in 2020 due to the COVID-19 pandemic, and there is
speculation that the residential daily demand profile has not recovered to the pre-2020 pattern.

This report analyses the dwelling level heat meter data of 855 occupied residential sites in

London, over the four-and-a-half-year period 01/01/2019 — 31/08/2023 with the aim of
investigating the daily demand profiles and the daily heat consumption.

2. Methodology
2.1 Flat types

All heat meter data analysed in this report is sourced from residential properties across 4

developments in London. All dwellings are heated via 2-pipe instantaneous twin-plate HIUs,
shown diagrammatically in Figure 1.
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Figure 1: Twin plate HIU shown diagrammatically in the BESA Test Standard (5)
with heat meter (HM) added.

2.2 Data processing

Data processing, or data cleansing, is the process of combining complex sets of raw data and
removing errors to make them more accessible and easier to analyse. All data processing was
carried out using Python. The following sections outline how the heat meter data was
processed for the analysis in this report, with the aim of removing obvious errors while not
removing valid but non-typical data.

2.2.3 Data discovery

Raw heat meter data was extracted by Guru Systems and provided in Microsoft Excel
spreadsheets, each including the data for all heat meters on a site for a single day. The meters
provided data at 5-minute intervals.

The timespan for data collection was 01/01/2019 —31/08/2023.
2.2.4 Data cleaning
2.2.4.1 Heat meter errors

Data points were removed if they gave an unrealistic value that could only result from a heat
meter error. The following readings were removed:

e Flow rate < 0 m3/hr. This reading would only occur through a heat meter error, or a flow meter being
installed incorrectly.

e Instantaneous demand < 0 kW. This reading would only occur through a heat meter error, a flow
meter being installed incorrectly, or temperature sensors being installed incorrectly.
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e Flow or return temperature < 0 °C. This reading would only occur through a heat meter error, or the
installation of faulty temperature sensors.

e Flow rate > 2 m3/hr. This reading represents a bulk meter, or a heat meter error as HIUs of the size
investigated could not allow a flow rate this high.

e Instantaneous demand > 100 kW. The largest plate installed in any HIU analysed was 100 kW, so
readings greater than this would only occur through a heat meter error.

2.2.4.2 Plant downtime

Data points were removed if the flow temperature fell below 25°C, or the return temperature
below 5°C as this is abnormal network operation, for example plant downtime.

2.2.4.3 Bypassing flats

Bypassing HIUs are those with uncontrolled flow on the primary side of either heat
exchanger, and they are characterised by high flowrates and high return temperatures, as
shown in Figure 2. They can be caused by an issue with the HIU design, control,
commissioning or maintenance, or faulty components.

The shape of the profile will be representative of the resident’s heat usage, but the magnitude
of the profile and the consumption will be offset by the bypass demand.

Dwellings were removed if the minimum flow rate did not decrease below 0.2 m*/hr at any
point in a 2-month period. This aims to capture the most significant bypasses while not
removing data for dwellings with high usage.

Figure 2 shows an example of a dwelling from Site A that was picked up by this test, and on
individual inspection proved to be bypassing.
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Figure 2: Heat meter data showing a bypassing flat.
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2.2.4.4 Unoccupied flats

This report analyses resident’s heating and hot water usage, and so flats that are unoccupied
for an extended period of time must be removed.

A flat was removed from the analysis if its HIU remained in standby (meaning there is no
active usage and the unit is operating in its keep-warm mode) for at least a two-month period,
in any year. This was implemented by searching for dwellings where the maximum flowrate
over a 2-month period was less than or equal to 0.01 m?*/hr. All the HIUs contained within the
study incorporate a ‘trickle’ standby function. Based on previous analysis, 0.01 m*/hr is a
typical ‘trickle’ standby flowrate for the HIUs investigated.

This method will not capture all standby flats, for example if a temporary bypass or heat
meter error causes a spike in flowrate, but is likely to remove the majority of unoccupied flats.

Figure 3 shows an example of a dwelling from Site B which is unoccupied. This can be seen
by the fact that the flow and return temperatures don’t show regular spikes and the flowrate is
consistently close to zero. There is an anomalous spike in flowrate of 0.01 m3/hr. The above
method captures this as an unoccupied dwelling, but if the flowrate of the spike had been any
higher, it would have been registered as an occupied flat.
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Figure 3: Heat meter data showing an unoccupied flat
2.2.5 Data enriching

The following additional meta data was collected for each dwelling: number of bedrooms;
number of bathrooms; floor area; tenure type. This information was collected from a variety
of sources, including accommodation schedules, mechanical layouts and brochures.

2.2.6 Final data set

Site | Date of Total number of Original number of | Number of data
construction dwellings data points points after data
cleaning
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A 2014 140 52,019,124 49,319,773

B 2017 373 129,504,639 121,351,065
2012 114 44,914,764 43,315,490
2015 228 118,250,350 110,610,490
Totals 855 344,688,877 324,596,818

Table 1: Number of data points collected and analysed for each site

2.3 Daily profiles

To calculate the daily demand profiles, the following steps were carried out for each year:

1.

2.

6.

For each site, the data was grouped by relevant characteristics e.g., day of the week, tenure type etc.
The time that the reading was taken was rounded to the nearest 5 minutes.
The mean instantaneous demand at 5-minute intervals was calculated across all dwellings on the site.

The data frames for all four sites were combined, and the mean instantaneous demand at 5-minute
intervals across the four sites was calculated.

45 W was subtracted from every value to account for HIU losses. This is representative of the HIU
models installed across the four sites.

The data was converted to kWh and calculated as a percentage of the total daily usage.

2.4 Daily usage

To calculate the daily usage, the following steps were carried out for each year:

1.

2.

4,

For each site, the data was grouped by relevant characteristics e.g., day of the week, tenure type etc.

The following additional data cleaning, specific to the heat consumption reading, was carried out:

a. Zero consumption reads were removed as these are heat meter errors.

b. Days in which the consumption increased by more than 100kWh in an hour were removed for
that dwelling, since this is not possible with the size of HIUs installed across the sites and is the

result of a heat meter error.

c. Days in which the consumption reading decreases over time were removed for that reading, as
this is a practical impossibility and so is the result of a heat meter error.

The first heat meter reading of the day was subtracted from the final heat meter reading of the day to
calculate the daily usage.

The results for all 4 sites were combined, and the mean daily usage was calculated.

2.5 Domestic hot water
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DHW was investigated by repeating the methodologies described in Sections 2.3 and 2.4, but
only using data recorded during July and August of each year. It is assumed that during these
months there is negligible space heating usage.

3. Results and discussion

3.1 Annual daily demand
3.1.1 Demand profiles

Figure 4 demonstrates that pre-covid, in 2019, the daily demand profile averaged over the
year shows the shape that we typically expect:

e During weekdays, there is a peak in the morning between 6 - 8 am, as expected as residents wake
up and perform activities such as turning the heating on, running taps and showering. There is a
2nd peak, of similar magnitude to the morning peak, in the evening, between 7 - 9 pm, as residents
return home from work or school and repeat the same activities.

e During weekends, the morning peak occurs later in the day, around 8 - 10 am, as residents wake
up later. The overall profile is flatter than the weekday profile due to greater usage throughout
the middle of the day as residents are more likely to stay within their dwellings and so use the
heating and hot water.
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Figure 4. Weekday and weekend daily usage profile plotted as percentage of
total daily demand, averaged across all dwellings in 2019.

Figure 5 shows the average weekday profile in 2020 compared to 2019. The morning peak
has decreased by circa 20%, while the usage in the middle of the day, between 9am — 4pm,
has increased. This change is in line with the lifestyle changes that occurred in 2020 because
of the COVID-19 pandemic: residents were not getting up so early to commute to work or
school and were more likely to be home during the day.

The profile in 2021 is slightly flatter than 2020, as shown in Figure 6. This could be explained
by the fact that half of the 2020 heating season (January — March) occurred before the first
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UK COVID lockdown, and therefore the annual average is a combination of pre- and post-
covid conditions.
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Figure 5: Weekday daily usage profile plotted as percentage of total daily
demand, averaged across all dwellings over 2019 and 2020.
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Figure 6: Weekday daily usage profile plotted as percentage of total daily
demand, averaged across all dwellings over 2020 and 2021.

Figure 7 shows the 2022 profile exhibiting an increased morning peak and decreased usage in
the middle of the day, compared to 2021. However, this post-COVID profile is still flatter
than the pre-COVID profile, as summarised in Figure 8.
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Figure 7: Weekday daily usage profile plotted as percentage of total daily
demand, averaged across all dwellings over 2021 and 2022.
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Figure 8: Weekday daily usage profile plotted as percentage of total daily
demand, averaged across all dwellings over 2019 - 2022.

The weekend daily profiles show a similar trend:

Compared to 2019, the 2020 profile has a later morning peak and increased usage throughout the
day, as shown in Figure 9.

As was found with the weekday profiles, the 2021 profile is similar to 2020 but slightly flatter, as
shown in Figure 10.
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e The 2022 profile shows decreased use in the middle of the day, but has not recovered to the 2019
profile, as shown in Figure 11.
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Figure 9: Weekend daily usage profile plotted as percentage of total daily
demand, averaged across all dwellings over 2019 and 2020.
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Figure 10: Weekend daily usage profile plotted as percentage of total daily
demand, averaged across all dwellings over 2020 - 2022.
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Figure 11: Weekend daily usage profile plotted as percentage of total daily
demand, averaged across all dwellings over 2019 - 2022.

3.1.2 Consumption

In every year apart from 2020, the weekend consumption is greater than the weekday
consumption. This is as expected, as residents are more likely to be in their homes.

The weekday usage increased by 12% between 2019 and 2020, and by a further 6% between
2020 and 2021, before decreasing by 9% between 2021 and 2022. The weekend days
following a similar pattern, increasing by 10%, then 12%, followed by a 9% decrease.

Therefore 2021 shows the greatest deviation from 2019 pre-COVID usage, which is line with
the findings in the annual demand section above.
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Figure 12: Daily heat consumption, averaged over each year 2019 - 2022.
3.2 Annual daily demand, split by tenure type
3.2.1 Tenure types

Table 2 shows the tenure types in each site. On average, private owned dwellings were found
to be 16 m? larger than both shared ownership and affordable rent dwellings and to have 0.5
more bathrooms.

Since only 1 site contained shared ownership dwellings, this flat type has not been analysed in
the following section.

Site A Site B Site C Site D Total
Private 56 189 - 113 378
Shared Ownership - 184 - - 184
Affordable Rent 84 - 114 95 293

Table 2: Tenure types across each site

3.2.2 Demand profiles

Figure 13 and Figure 14 show that pre-COVID, the average daily demand profile of a
dwelling was found to vary between tenure types, with privately owned dwellings showings
their highest usage in the mornings, while affordable rent dwellings had a flatter profile with

their largest peak in the evenings.
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Figure 13: Weekday daily usage profile plotted as percentage of total daily
demand, averaged across all private and affordable rent (AR) dwellings in 2019.
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Figure 14: Weekend daily usage profile plotted as percentage of total daily
demand, averaged across all private and affordable rent (AR) dwellings in 2019.

Figure 15 and Figure 16 below show that both tenure types exhibit the 2020 change that has
been seen previously: a later morning peak and increased usage throughout the middle of the
day.
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Figure 15: Weekday daily usage profile plotted as percentage of total daily
demand, averaged over each 2019 and 2020, for privately owned dwellings
(left) and affordable rent (AR) dwellings (right).
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Figure 16: Weekend daily usage profile plotted as percentage of total daily
demand, averaged over each 2019 and 2020, for privately owned dwellings
(left) and affordable rent (AR) dwellings (right).
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3.3 Domestic hot water demand
3.3.1 Daily profile

The Hot Water Association Design Guide (5) gives the daily and weekly profile of hot water
demand in large residential buildings. Figure 17 shows the comparison of the profile given by
the Hot Water Association compared to the pre-COVID 2019 profile. During the weekdays,
the hot water association profile shows a higher and later peak in the morning, a larger trough
during the middle of the day and a later peak in the evening. During the weekend, the
magnitude of the peaks largely correlates with that given by the Hot Water Association, but
the 2019 morning peak occurs earlier.

Figure 18 and Figure 19 show that, as with the average daily profile, the 2020 profile is flatter
than in 2019 with a later morning peak. The 2021 profile deviates further from 2019, and
2022 is more similar to 2020 than to 2021.
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Figure 17: Hot Water Association Design Guide profile and the daily domestic
hot water usage profile plotted as percentage of total daily demand, averaged
over 2019 weekdays (left) and weekend days (right).
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Figure 18: Daily domestic hot water usage profile plotted as percentage of total
daily demand, averaged over 2019 and 2020 weekdays (left) and weekend days

(right).
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Figure 19: Daily domestic hot water usage profile plotted as percentage of total
daily demand, averaged over 2020 - 2022 weekdays (left) and weekend days

(right).
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The 2023 profile, shown in Figure 20, shows further movement towards 2019 compared to
2022, with a higher morning peak and reduced usage throughout the day.
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Figure 20: Weekday daily domestic hot water usage profile plotted as
percentage of total daily demand, averaged over 2019, 2022 and 2023.

3.3.2 Consumption
A similar pattern is seen as was found with the annual average consumption:

e The weekend DHW consumption is greater than the weekday DHW consumption.

e The weekday and weekend average consumption increased by 38% and 23% respectively
between 2019 and 2020, a by further 15% and 14% between 2020 and 2021.

e The weekday and weekend average consumption decreased between 2021 and 2022, by 13% and
10% respectively.

A result not in line with the hypothesis that 2023 is converging back towards 2019 usage
behaviours is the increase in weekday and weekend average consumption by 9% and 8%
respectively between 2022 and 2023.

The Hot Water Association Guide states that the average usage on a weekend day is 12%
higher than the average usage on a weekday. The data in 2019 shows a 17% increase on a
weekend day, however the years 2020 — 2023 show an average increase of only 4%.
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Figure 21: Daily DHW consumption, averaged over each year 2019 - 2023.

4. Conclusions

Residential demand profiles typically show a morning and evening peak, corresponding to
residents performing activities such as turning the heating on and showering during these
times of day.

During 2020, the COVID-19 pandemic and associated ‘lockdowns’ resulted in many people
changing their usual routine, and the demand profiles and consumption values, for both the
annual average and the DHW average, reflected this change. The general post-COVID trend
is that the morning peaks reduced in magnitude and moved later in the day, while the usage
throughout the middle of the day increased.

2021 was found to be largely similar to 2020, showing slightly more significant ‘post-
COVID’ behaviour. This aligns with lifestyle changes at the time, as restricted social mixing
continued in the UK throughout 2021. 2022 shows small step in the pre-COVID direction, but
is still different from the pre-COVID profile and consumption, showing the lasting impact on
lifestyle.

The DHW profiles were found to differ from those given in the Hot Water Association
Design Guide (6) both pre- and post-COVID.

This report did not analyse the interaction of individual dwelling usage profiles and therefore
cannot comment on any impact on network diversity. Further work is required to use the
profiles found in this analysis to determine whether, post-COVID, there is any deviation from
CIBSE CP1 2020 (1) guidance on space heating and DHW diversity calculations.

Note that the typical two-peak profile represents residents who leave the house to go to work
or school during the day. The profiles shown in this report are the average of 855 dwellings
across 4 residential developments in London, however they won’t be representative of all
residents, for example residents who do not work or families with young children. The
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COVID-induced lifestyle changes discussed in this report would affect these groups of people
differently, but this change isn’t able to be picked up in the data amongst the majority of
people who fit the profile.

Daily demand profiles are used within hourly load models, which model the heat demand of a
network over every hour of the year and are used to size thermal stores and heat generation
plant. If a low carbon heat source such as an air source heat pump is being employed for heat
generation, the hourly load model is key in determining the size of plant required to meet the
target carbon intensity of the network. The cost of the heat pump and associated electrical
infrastructure can be a prohibitively large if the plant is oversized. The timings of peaks in the
profiles are also key, as network operators may be able to utilise varying utility prices
throughout the day, so an accurate demand profile is necessary for operators to produce an
accurate expected running cost. The peak will also affect pipe sizing, which is another
expensive item if oversized.

It is therefore key to monitor resident behaviour over the coming years to determine whether
COVID has permanently altered the lifestyle of the average resident, and therefore whether
the demand profiles used in heat network modelling should be changed.

Acronyms

AR: Affordable Rent
DHW: Domestic Hot Water
HIU: Heat Interface Unit

HM: Heat Meter
References

(1) CIBSE (2020), Heat networks: Code of Practice for the UK

(2) CIBSE, Guide A: Environmental design, 2015

(3) Lauritsen AB (2015), Varme Stabi (7th edn), Odense: Praxis — Nyt Teknisk Forlag

(4) Dansk Standard (2009), DS 439: 2009 Code of Practice for domestic water supply
installations, (Charlottenlund, Denmark: Dansk Standard)

(5) Building Engineering Services Association (2023), Technical Standard for UK HIU
Test Regime, p. 24.

(6) Hot Water Association (2018), Design Guide: Stored hot water solutions in heat
networks.

Page 18 of 18



