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ABSTRACT
Residential buildings consume about a third of the
UKs total energy and the need to reduce this as part
of achieving the 2050 CO

2

emissions targets driving
the interest the modelling and performance simulation
of homes. While simulation and modelling tools are
in wide spread use, the detailed empirical data with
which to understand the effect of systems and opera-
tional complexities of households on the consumption
of energy is less developed than it is for commercial
buildings. This paper reports some early results from
a whole house monitoring trial in the UK where high
resolution measurements of gas, hot water and power
are being used to disaggregate heat use. The study has
shown that: equipment used for domestic heat gen-
eration varies considerably between households; gas
demand is highly variable at the sub-hourly level, far
greater than some of the available hourly monitored
data would suggest; and that the current information
on hot water consumption characteristics is poor and
so some new, more comprehensive data is presented.

INTRODUCTION
Space heating and hot water consumption contribute
27% of the CO

2

emissions in the UK (Rajat and
Matthew, 2012) and hence a reduction in these lev-
els can make a significant impact on the 2050 energy
targets set by the UK government (Natarajana et al.,
2011; Environmental Change Institute (ECI), 2007).
These targets are driving the development of methods
to reduce energy consumption in a number of ways:
new build homes are to have increased performance
being designed to be closer to zero-carbon operation
(Energy Performance of Buildings Directive (EPBD),
2010; Igor et al., 2012); existing buildings will have
retrofit insulation (Milorad et al., 2012; Gucyetera and
Gunaydinb, 2012) and better heating system controls
(Fernandez Seara et al., 2012).
The need for better, higher resolution data to help
the modelling and design of domestic energy sys-
tems and energy supply has been recognised (Swan
and Ugursal, 2009; Widen et al., 2009) and with the
development of ‘smarter’ urban districts as 2020 ap-
proaches and beyond, the need to understand exist-
ing energy demand to model energy networks will in-
crease (Chaudry et al., 2012; Pillai et al., 2011; Gyamfi

and Krumdieck, 2012).
The exploration of domestic heat generation and use is
developing rapidly and there have already been a num-
ber of studies carried out to date including: annual
data based on suppliers data (Baker, K.J and Rylatt,
R.M, 2008); monthly data based on utility bills (Ma-
jcen et al., 2013); weekly (Westergren et al., 1999),
daily (Hamilton et al., 2011) half-hourly (Wright and
Brown, 2008; Ferreira, 2009) data; and some that mon-
itored gas consumption at shorter intervals (Stoecklein
et al., 2001) and (Branco et al., 2004). Some cur-
rent UK trials by energy providers are measuring gas
flow rate at short intervals (EON, 2012) and Smart me-
ters are being rolled out in the UK, but the data from
these is currently limited to a resolution of 30 minutes
(DECC, 2010, 2010).
Gas and hot water consumption data is important for
validating simulations and detailed data is currently
lacking. What hampers the analysis in domestic prop-
erties is that heat generation is enabled through a va-
riety of devices, and these vary from home to home.
Modelling the existing building stock is therefore dif-
ficult as the mix of gas and electric appliances affects
the calculated CO

2

in particular.
Hot water consumption is a key input variable that af-
fects the design of low-carbon homes because of its
impact on thermal storage, however often we have to
rely on simplifications in analysis as these two exam-
ples illustrate:
Cockroft et al. (2007) created a model of a hot water

storage cylinder with thermostat switching on at
50oC , and off at 60oC . The combi-boiler model
assumed a draw-off temperature of 50oC . The
draw-off rates were taken to be the Standard Eu-
ropean Pattern, comprising 10 draw-offs totalling
122 l/day with average duration 6s and flow rate
0.00855 l/s for 7 draw-offs.

Steijger et al. (2013) assumed that hot water was
stored above 60 oC and has a temperature of 40
oC at the draw-off points. The authors assumed
80l/person/day hot water consumption based on
UK BREDEM standard (Anderson, 2001).

This paper presents empirical data from a detailed
whole house monitoring study in the UK. Gas and hot
water consumption are measured and combined with
electrical power and other data so that heat consump-
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tion can be attributed to space heating, hot water, cook-
ing and ancillary (i.e. the energy overhead is providing
the service). The study reported on here considers 20
homes and detailed gas heat consumption characteris-
tics are presented for two of these with different space
heating and hot water systems.

HOMES STUDIED
In this study, 20 homes are being monitored in signifi-
cant detail. All participating homes are within a 4 mile
radius of a market town in the East Midlands of the
UK. The homes are typical of their respective years
of construction (1900 to 2002) and of those found
throughout the UK. All homes are occupied by fam-
ilies that range in number an age, from 3 persons to
6 persons and range from parents with babies to adult
children and relatives living together. Most have had
some retrofitting of insulation and been living there for
more than 4 years, nearly half for more than 10 years.
Two homes are highlighted in this paper, H30 and
H41. H30 is a detached home, approximately 100m2,
over two storeys with cavity wall construction built be-
tween 1950 and 1965 and an extension built later in
the 1970’s built with cavity wall. There is some loft
insulation and the cavity wall is not insulated. The
property is fully double glazed pre 1998. The heating
system was refurbished in May 2011, the old tanked
hot water system was replaced in 2001 with a combi
boiler and this was replaced in 2011 with a 35kW con-
densing combi-boiler that provides heating and instan-
taneous hot water. The system distribution pipework
was retained and the downstairs radiators have been re-
placed, but the majority are older than the boiler. The
family comprises of Mother and child aged 11.
H41 is a semi-detached home, approximately 100m2,
built over two storeys with cavity wall construction be-
tween 1966-1974, including an extension built later in
2000, in addition the house has a conservatory which is
heated by the central system. The loft has over 250mm
of insulation and the cavity walls are insulated. The
property is fully double glazed. The heating system
comprises of a tanked hot water storage, radiators and
boiler installed in 1993. The 15kW boiler is 20 years
old and has simple thermostat controlled on/off op-
eration, with ignition through pilot light. The family
comprises of Mother Father 2 children over 18 and 2
children aged 16 and 11.

MONITORING APPROACH
The electrical systems are monitored using a wireless
proprietary system that connects CT devices and plug
monitors to a central hub which transmits that data
from the homes to a centralised database at a sample
rate of 1 minute. The power measurements were used
to measure energy consumption by electric showers,
hobs and ovens. Room temperatures are also moni-
tored with this system at a sample rate of 2 minutes and
these were used in this study to determine the internal

Figure 1: A typical rotating dial on an older UK gas
meter.

air temperatures to compare the loads on the boilers.
Temperatures on the flow pipe serving the heating sys-
tems were also measured to determine when the heat-
ing systems were on.
The hot water flow rate was measured at a sample rate
of 1 second to capture the characteristics of the wa-
ter draw-off volumes and durations. A turbine meter
placed on the cold water feed to the boiler, in the case
of a combination system, and in the cold water feed to
the tank, for tanked storage systems. The surface tem-
peratures of the copper pipes at these inlets and outlets
points were used to indicate the water temperature and
hence to estimate the heat used by,

Q̇w = V̇w⇢wCw (✓w
in

� ✓w
out

) , (1)

where Q̇w is the heat supplied to hot water at the
point of generation or as it leaves the storage con-
tainer (kW), V̇w is the volumetric flow rate of hot water
(m3s�1), ⇢w is the density of hot water Cw is the spe-
cific heat capacity of hot water (kJkg�1K�1) and ✓w

in

and ✓w
out

are the inlet and outlet temperatures respec-
tively (oC ).
The energy supplied to the buildings by gas was es-
timated taking the calorific value of gas to be 39.5
MJm�3 and measuring the volumetric flow rate at a
sample rate of 1 second. Figure 1 depicts a typical dial
found on older gas meters in the UK that measures vol-
ume in fractions of a ft3 . A novel approach was devel-
oped to capture images of these dials every second and
then interpret the needle position from the image, then
convert the dial rotation into an angular displacement
over time. The equivalent volumetric flow rate of gas
(V̇g) in ft3s�1 can then be inferred and then converted
to m3s�1.

Determining heat generation and use
The heat generation equipment was surveyed in the 20
homes and the results presented in Table 1, some data
was indeterminable and has been noted with ‘-’ . The
table gives the approximate installation, or refurbish-
ment date of the central heating system, the capacity
of the boiler, and whether the HWS is supplied from
combi-boiler or via a hot water cylinder. The shower
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Table 1: The heat generation systems in the 20 surveyed homes.
House Age (yr) Boiler (kW) HWS Shower type Cap. (kW) Hob Oven
H01 13 14.5 Tank 1 Electric 9.5 Electric Electric
H05 4 29 Combi 1 HWS 29 Electric Electric
H08 13 - Tank 2 Electric 7.5, 10.8 Electric Electric
H09 13 28 Combi 1 Electric,1 HWS 9,28 Gas Electric
H10 4 28 Combi 2 HWS 28 Gas Gas
H11 18 24 Combi 1 Electric 9, 9.8 Gas Electric
H18 4 28 Combi 2 HWS 28 Gas Gas
H23 13 - Tank 1 Electric 8.5 Gas Electric
H28 13 9 Tank 1 Electric 9, 9.8 Gas Gas
H30 2 35 Combi 1 HWS 35 Gas Electric
H33 4 28 Combi 1 Electric,1 HWS 9.5, 28 Gas Electric
H37 4 37 Combi 1 Electric,1 HWS 9.5, 37 Gas Electric
H38 4 24-39 Combi 1 HWS 39 Gas Electric
H39 9 30 Combi 1 Electric 8.9, 9.5 Gas Gas
H40 13 24 Tank 2 HWS - Gas Electric
H41 20 15 Tank 2 Electric 9.5, 10.8 Gas Gas
H42 4 28 Combi 2 HWS 28 Gas Electric
H43 9 - Combi 1 Electric,1 HWS 9.5, - Gas Electric
H45 4 35 Combi 2 Electric 8./5, 9.5 Gas Electric
H46 4 - Combi 1 HWS - Gas Electric

types and capacities are noted, where the capacity of
a combi-boiler supplied shower will be the maximum
boiler output; and the hob/oven types are also noted.
What is most striking is the variation in systems, all
these homes are very similar in size with gas fired cen-
tral heating, but the variety of cooking, shower and hot
water combinations is significant. Attributing heat use
to the four categories, space heating, hot water produc-
tion, cooking and ancillary, therefore, needs to be car-
ried out for each house individually because the com-
binations of devices are different. Two examples are
given here for the two homes H30 and H41.
H30 has a combi boiler, serving taps and the shower
and a gas oven and electric hob. The electrical power
can be measured and so the challenge here is to sepa-
rate the energy supplied by the gas for space heating,
hot water production and oven use. A staged approach
was used:

• determine when there was water flow and remove
the gas flow in this period, attributing this to the
production of hot water;

• using the flow temperatures and room air tem-
peratures, determine when the heating is on1 and
then attribute the gas flow to the space heating;

• if the cooking related gas flow can be identified,
this can be attributed also; and so

• this leaves the ancillary gas consumption.
H41 has gas space heating, tank storage of hot water
heated by gas, electric showers, and gas oven and hob.
Because the boiler is an older unit with a single flow
rate, the oven and hob use and be identified since the
flow rates are different. The challenge here is to esti-
mate the heat lost through storage of hot water so that
the energy used for space heating can be more pre-
cisely estimated.

1Where the boiler controls can be monitored this is trivial, how-
ever this needed to be inferred from other measurements in these
homes.

For tanked systems there can be significant losses from
the tank as it cools, from the surface of the cylinder
(usually insulated) and the connected pipework (often
uninsulated). Since it was not possible to measure the
heat into the cylinder, the ancillary consumption asso-
ciated with the losses from the tank is estimated using
data from testing carried out by Simpson and Castles
(1992). There experimental results can be arranged to
give the following relationship,

Ql = 2.748�✓, (2)

where, Ql are the standing losses for a 120litre cylin-
der (W) and �✓ is the temperature difference between
the ambient air and the hot water, (K). For a copper
cylinder insulated with 17.4mm of polyurethane foam
insulation, with the water kept close to 55oC in an am-
bient air temperature of 20oC (as it is in H41) gives
Ql = 97.3W . Ql is considered here as ancillary con-
sumption, the losses are inevitable in order to provide
hot water in the right quantity at time to overcome the
intermittent nature of hot water demand.

RESULTS
Hot water use
The hot water flow rate and temperatures where sam-
pled every second so that the precise time and duration
of the water usage could be characterised. In H30, the
turbine flow meter was inserted in the cold water feed
into the boiler and temperature measurements made
on the water inlet and hot water outlet pipe and were
cited close to the boiler. This measures the heat used
to raise the temperature of the water delivered by the
boilers and does not account for the practical working
temperature (i.e. that at the draw-off). On the tanked
system in H41, the sensors were cited to measure the
heat out of the cylinder, and hence does not account
for the heat input and storage losses. Figure 2 depicts
the flow rates and temperatures as measured for both
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Figure 2: Hot water volumetric flow rates and temper-
atures.

homes: the upper two plots show H30 and the lower
two H41 and for each plot pair, the upper plot gives
the flow rate and the lower gives the water outlet (up-
per in red) and inlet (lower in blue) temperatures.
H30 appears to have greater hot water activity, al-
though it should be noted that the shower is connected
to the boiler. In H41, there are two electric showers
which are not measured with the flow meter. The vol-
ume of water consumed by using the electric showers
has been estimated by assuming a water temperature
rise of 35K and the using the measured power con-
sumption, measured by CT devices in the distribution
board.
The inlet temperature of the H30 combi-boiler is lower
that H41 since this is mains fed, and in persistent draw
offs, this can been seen to dip to about 9oC . In H41 the
water is fed from a tank above the cylinder and hence
will be closer to room temperature. The flow tempera-
ture of the Combi system trends to the ambient temper-
ature when under free cooling and hence larger rises
from this to the supply temperature of about 45oC can
be seen. The tanked system is maintained between
50oC - 60oC .
Note that the hot water for showers is provided by elec-
tric shower units and hence Figure 5 shows only gas
consumption for cooking and space heating for H41.
The regular spikes of gas flow in H30 is the ‘ECO’
setting which maintains the temperature of the water
stored in the boiler. The time between gas flow is re-
lated to the time constant associated with the heat loss
from the surface of the boiler casing and connected
pipe work. It can be seen in Figure 2 that between
00:00 and 10:00 the flow temperature rises and falls in
relation to this intermittent gas burning. The sensors
are attached to the surface of copper pipes close to the
boiler an hence as the boiler warms, this heat travels
down the pipework and is picked up by the sensor. Fi-
nally the middle left plot of Figure 6 shows the high
resolution water flow data as someone is showering.
Figure 3 gives the the hot water consumption for show-
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Figure 3: Hot water draw-off duration frequency and
volume consumed for H41.

ering in the right hand plots and the water used for do-
mestic, hygiene purposes on the left for H41. Figure 4
gives the draw-off duration frequency and volume for
the total hot water consumption in H30. Both figures
have been generated from data spanning one month
(January, 2013) and what can be clearly seen is the
high number of very short draw offs. In fact 28.6%
of the hot water volume occurs at draw-off duration of
less than 1 minute in H30 and 21.4% in H41.
Table 2 represents hourly hot water use for a typical
day (6th January) and for one month (January) aver-
aged day flow. H30 (two people) can consume 199
l/day of hot water (170 l/day on average). In H41 the
hot water consumption for typical day (6th January) is
59 l/day, not including hot water for showering. An
average day included showering, yields a hot water
consumption of 224 l/day; and so 73% of hot water
consumed was for showering.
The volumes and fractions of hot water consumption
represented here at this table at hourly intervals, and
can be used to model hot water consumption in resi-
dential buildings. In Table 2 ‘Frac’ refers to the frac-
tion of the volume of hot water draw off in that house,
relative to the maximum draw off in any hour. Water
flow is the water flow at particular hour to maximum
flow (often defined as design flow rate) occurred dur-
ing 24 hours: so to model hot water consumption, for
a given (or assumed) maximum flow rate, we can de-
fine the hot water consumed for each hour (or total) as
based on hourly fractions.

Variability in gas demand
Figure 5 depicts the gas volume flow rates (top and
middle plots) and cumulative gas flow volume (bottom
plot) for both properties, for a typical day (00:00:00 to
23:59:59). Although both homes use similar volumes
of gas, the pattern of consumption varies significantly.
What can be seen in the top plot is the series of flow
rates at regular intervals previously discussed that have
been attributed to the boiler’s internal control settings
maintaining the water volume at operating tempera-
ture. The gap between these is related to the time con-
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Table 2: The hot water use based on typical and averaged day of month.
One Days Flow (6th January 2013) One months (January) Averaged Day Flow

H30 H41 H30 H41
Time (hr) Vol (l) Draw-off (s) Frac (-) Vol (l) Draw-off (s) Frac (-) Vol (l) Frac (-) Vol(l) Frac (-)
1 0 0 0 0 0 0 3.20 0.1 0 0
2 0 0 0 0 0 0 0.53 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 1.71 0.1 23.82 0.9
8 0 0 0 0 0 0 8.04 0.3 13.62 0.5
9 0 0 0 1.43 29 0.11 5.80 0.2 9.67 0.4
10 0 0 0 6.58 159 0.52 7.67 0.3 24.67 0.8
11 1.45 17 0.02 0 1 0 5.55 0.2 13.45 0.5
12 42.14 362 0.63 10.42 143 0.83 5.05 0.4 21.77 0.8
13 16.4 213 0.25 0 0 0 11.68 0.5 9.11 0.3
14 14.63 181 0.22 7.14 118 0.57 4.66 0.2 10.81 0.4
15 7.40 84 0.11 0 0 0 5.61 0.2 9.98 0.4
16 0 0 0 7.89 167 0.63 7.83 0.3 3.44 0.1
17 0.11 3 0 8 149 0.64 3.45 0.1 3.72 0.1
18 11 161 0.16 0 0 0 4.99 0.2 6.40 0.2
19 11.60 145 0.17 3.76 52 0.30 5.09 0.2 8.72 0.3
20 7.68 133 0.11 12.57 199 1 24.85 1 26.53 1
21 8.23 161 0.12 0 0 0 15.87 0.6 25.20 0.9
22 0 0 0 2.10 46 0.17 17.18 0.7 7.18 0.3
23 66.90 597 1 0 0 0 14.23 0.6 2.76 0.1
24 11.20 171 0.17 0 0 0 10.72 0.4 1.89 0.1
Total 198.7 2228 - 58.90 1063 - 169.10 - 223.8 -
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Figure 4: Hot water draw-off duration frequency and
volume consumed for H30.

stant offered by the rate of heat lost to the surrounding
space. The top plot also demonstrates the constant gas
firing through the day due to calls for space heating
and hot water supply.
The middle plot of Figure 5 shows the boiler in H41
which is an old unit; the gas flow due to the pilot light
is only ⇡ 0.002ls�1, and so cannot be seen on this
scale. The key difference between modern boiler in
H30 is that there is a constant gas flow rate and that the
main burner is either on, or off. The top two plots in
Figure 6 depict the characteristics of these two boilers
in more detail. The plot on the left shows the mod-
ern boiler in H30 and it can be seen to modulate gas
flow, when there is a call for heat the boiler runs at
maximum output, which ramps down after a period of
time. The unit can modulate its heat input from 6.1kW
to 30kW in heating mode (it draws 35kWwhile calling
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Figure 5: Gas flow characteristics.

for hot water). The older boiler in H41, depicted in the
top right plot is either on or off and hence base one gas
flow rate and can draw a maximum of 19.1kW. The
flow rates measured approximate quite well to the in-
put specifications of both boilers: the calorific value of
natural gas, mains pressure available and commission-
ing of the gas valves at the meter and in the unit are all
unknown variables and will contribute to the observed
differences.
In the middle plot of of Figure 5 (H41) at 15:00, the
gas flow is not supplying the boiler, the kitchen is
equipped with a gas oven and hob. The data was
recorded on 6/1/13, which is a Sunday and this is
lunch/dinner preparation. The flow rates are shown in
more detail in the bottom righthand plot of Figure 6.
It is easier to determine the use of gas for cooking in a
home with a boiler of this kind since the flow rates are
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Figure 6: Heat appliance and how water production
characteristics.

easily determinable. H30 has a gas hob and an electric
oven. The power consumed by the oven is measured
by a CT device in the distribution board, and a close
up view of the data is given in the bottom left plot of
Figure 6. The middle plots of Figure 6 show detailed
characteristics of the hot water draw-off during show-
ering in H30 on the left, and the power consumption
of the showers for H41 on the right.
This level of detail allows the hot water production ef-
ficiency of the combi-boiler in H30 to be measured di-
rectly since the gas volumetric flow rate is measured,
the heat input can be estimated assuming a calorific
value of gas to be 39.5MJm�3 . The hot water output
from the boiler can be estimated using Equation 1. At
a time when the heating is not on, the efficiency was
estimated to be 68%, some 15% less than the technical
specification suggests.

Attributing in heat use and CO
2

production
Figure 7 depicts the cumulative heat use in four cate-
gories; provision of space heating (sh), hot water pro-
duction (hw), cooking (ck) and ancillary consumption
(an). Both homes show similar trends although the
heating in H41 comes on earlier than in H30. Separat-
ing out the uses of gas in H30 is challenging and hence
its likely that gas use at the hob for cooking is likely
to be slightly under predicted and the ancillary con-
sumption is probably over estimated as a consequence.
The ancillary consumption in H41 is very low, in fact
only the pilot light contributes to this in this analysis.
However, in reality the system on both homes have
hot water storage and both loose heat from here into
the surrounding space. The capacity of these is differ-
ent, in H30 the storage is in the combi-boiler and is
about 2litres, in H41 it is a 120litre copper cylinder. If
the heat lost from the cylinder was correctly attributed
in H41 then the gas consumption for the space heat-
ing would be reduced and the ancillary consumption
would increase. Table 3 gives details of the overall
heat consumption per household, and the proportions
attributed by category.

Table 3: Heat consumption and CO
2

production.
Heat Use H30 H41

(En. ) (CO
2

) (En.) (CO
2

)
Total 275MJ 14.5kg 293MJ 19.2 kg
Heating 74% 71% 72% 56%
HWS 17% 16% 18% 36%
Cooking 7% 10% 7% 6%
Ancillary 3% 3% 3% 2%

The relationship between the waste and useful heat is
complicated by operating conditions. Modern comi-
boilers often have some ‘ECO’ function which main-
tains the temperature of the water stored in the boiler
(⇡ 2 litres in H30), hence a gas draw at regular in-
tervals is noticeable through the night when the unit
is not in use. This gas load contributes to the ‘ancil-
lary consumption’, i.e. represents the heat not directly
used in completing some task in the home and may
be regard as waste heat. In addition, part of this heat
load will be lost to the space (effectively contributing
to space heating) through the hot water cooling in the
pipe between the boiler and the the draw-off point.

CONCLUSIONS
The measurement of energy consumption in buildings
is becoming more cost effective and more wide spread.
The information gathered from these systems is vi-
tal to underpin modelling and simulate work, both for
validating simulation output and for developing bet-
ter models and simulation inputs so that performance
prediction is improved. Presented in this paper were
some early results from a detailed monitoring scheme
implemented in family homes in the UK. The high-
resolution monitoring of gas and hot water consump-
tion, combined with electrical power measurements
allows a close examination of the use of heat in the
home. The following findings are highlighted:
Variability in heat generation systems: although

all homes use heat for hygiene, cooking and space
heating, however, even within the limited sample
of homes studied here there were a high number
of unique combinations of hot water production,
storage and use, showering system (types and
numbers) oven and hob fuel type, sizes and com-
binations and heating system controls and prefer-
ences. This variability may hamper the estima-
tion of good predictions from modelling larger
scale systems, particularly for refurbishment of
existing building stock, or for designing district
heating schemes.

Hot water draw off characteristics: Currently the
implementation of the inputs for hot water draw
off in simulation tools are poor. Table 2 gives the
hourly hot water draw-off characteristics for two
family homes. In addition, at least 20% of all hot
water is consumed through very short draw-offs,
which have implications for waste heat as the wa-
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Figure 7: Total heat production and use.

ter will cool in the pipe work that transports the
water from the boiler to the tap. Average show-
ering times vary significantly, but have a mean of
⇡12minutes in H41.

Sub hourly variability in heat demand: impli-
cations for electrification of space heating, also
when evaluating a change in energy supply, you
need to account for how heat is generated, which
is complex and homes have many variations and
consumption rates, which may hamper modelling
and simulation of larger scale heating schemes.

Installed efficiencies of heat generation equip-
ment: the observed boiler operational efficiency
from our test home appear to be lower than man-
ufacturers specify in practice which is significant
if this is representative of installations in general.
Additionally, comparing an older boiler and tank
system with a newer combi-boiler is evident that
the ancillary heat load for both is similar in the
homes studied and hence the assumption that the
‘parasitic’ loads are less in more advanced boiler
systems might not be correct.
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