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Introduction
This case study presents the findings of a 
Building Performance Evaluation (BPE) project 
that investigated the post-construction and 
in-use performance of the One Brighton de-
velopment. The evaluation was carried out by 
University College London (UCL), funded by 
the Technology Strategy Board’s (TSB) Build-
ing Performance Evaluation programme.

One Brighton was developed by CNBQL Lim-
ited on the larger New England Quarter site, 
a regeneration scheme adjacent to Brighton 
station. It was constructed between 2008 and 
2010 in a Design and Build (D&B) arrange-
ment.

The development is mixed-use, with 172 
dwellings, 925 m2 of community space and 
1134 m2 of commercial space. The homes at 
One Brighton are a mixture of studio, 1, 2 and 
3-bed apartments, with 30% being affordable. 
The development primarily consists of two 
blocks: one 11-storey block (Brighton Belle) 
containing 109 dwellings, and one 8-storey 
block containing 63 dwellings (Pullman Haul). 
The community and commercial spaces are 
located on the ground floor.

It was designed in accordance with a set of ten 
values based on the One Planet Living Princi-
ples.

Design targets for thermal performance re-
quired insulation levels to be in excess of Part 
L 2006 by 15%. Heating and hot water are pro-
vided by a communal heating system with a bi-

omass boiler and back-up gas boiler. Summer 
time temperatures were designed to be limited 
by façade design, exposed thermal mass and 
night-time heat purge through the ventilation 
system. A small-scale array of photovoltaic 
panels on the roof was installed, expected to 
provide 5% of electrical energy. The electric-
ity supply to the development was to be met 
via a REGO (Renewable Energy Guarantee of 
Origin) supply contract between a renewable 
utility provider and the community trust Energy 
Service Company (ESCo). A green caretaker 
works on site to assist the residents with the 
energy, lifestyle and sustainability aspects of 
the development. 

As-designed performance targets are given in 
Table 1 below.
Table 1. As-designed performance targets
Overall carbon emissions 
from development

Net zero in-use

Carbon emissions from 
dwellings

<25 kgCO2/m
2/a

Space heating demand <30 kWh/m2/a

Hot water demand <45 kWh/m2/a
Electrical consumption <45 kWh/m2/a

The results from One Brighton show that a fab-
ric first approach to building design can result 
in a significant reduction in energy demand 
for space heating. Fabric testing showed only 
limited degree of underperformance compared 
to design intent.

However the communal heating system and 
MVHR systems were found to be underper-
forming. The measured carbon intensity for 
delivered communal heat was found to be ten 
times greater than predicted, and twice that 

www.goodhomes.org.uk

One Brighton development (Brighton Belle)

One Brighton design concept (FCB 2007)

http://www.oneplanetliving.net/what-is-one-planet-living/the-ten-principles/
http://www.oneplanetliving.net/what-is-one-planet-living/the-ten-principles/


which would have been expected had the de-
velopment used individual gas boilers. For the 
MVHR systems, a range of issues were iden-
tified including lower than designed air flow 
rates, high electricity consumption, and likely 
malfunction of the summer bypass.

Summer overheating in the bedrooms of the 5 
dwellings was also identified.

Design and Construction
The predicted fabric and services performance 
figures are listed below in Table 2.

Table 2. Design Targets
Air permeability
[design target]

5 m3h-1m-2@ 50Pa

U-value: walls 
[UCL calculated]

0.21 W/m2K

U-value: roof [as-built SAP] 0.19 W/m2K

U-value: windows, whole 
[UCL calculated]

0.8 W/m2K

Y value [as-built SAP] 0.08 W/m2K
Biomass boiler efficiency 
[as-built SAP]

85%

Building Fabric
External walls are made up of a reinforced 
concrete frame with 240mm infill of Thermo-
plan blocks. The walls are externally clad with 
100mm wood fibre insulation boards, bonded 
to the blocks and concrete frame. The walls 
have a breathable render on the outside and a 
wet-applied mineral plaster finish to the inside, 
creating an airtight but vapour permeable and 
breathable wall.

Building Services
A communal heating system provides all the 
space heating and hot water requirements 
to dwellings and non-domestic properties on 
the development.  Heat is generated from a 
biomass boiler, with a gas boiler designed 
for back-up. The communal heat distribution 
system is connected to Heat Interface Units 
(HIUs) in each apartment. The HIUs contain 
two circuits, each with their own heat exchang-
er for space heating and Domestic Hot Water 
(DHW), which is produced instantaneously 
without any storage.

Space heating within the apartments is deliv-
ered by warm air provided through the MVHR 
system, with a heater matrix linked to the HIU 
which is fitted to the supply air side of the 
MVHR heat exchanger. Thus warm air is only 
directly provided to the living room and bed-
rooms, which receive fresh supply air.

The space heating and MVHR systems have a 
combined controller for room temperature and 
fan speed selection. The fans have 3 speed 
settings, with the first speed being trickle mode 
and third speed boost mode. Boost is also acti-
vated by the light switches in the bathrooms.

The photovoltaic (PV) panel array consists of 
52 monocrystalline modules, facing south on 
the roof of Pullman Haul building. The modules 
have a nominal output of 180 Wp, giving 9.36 
kWp for the whole array.  The panels are linked 
to the private wire network for the develop-
ment. The output from the PV array is small 
enough that all will be consumed by the base 
electrical load of the buildings, with none being 
exported to the grid.
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Procurement
One Brighton formed part of the New England 
Quarter master plan and was conceived as 
the first One Planet Living project to follow in 
the wake of the BedZED project, but be more 
mainstream and have wider appeal to planners 
and the market. The project was also charac-
terised as a ‘zero carbon’ development, with 
the energy requirements to be met by a combi-
nation of on and off-site renewable energy. 

CNBQL Ltd was formed as a joint venture 
company, with equity and project financing 
provided equally by the partners, but with each 
of the joint venture parties dividing responsibili-
ties. A condition of the JV funding was to use a 
Design and Build (D&B) procurement route.

A participatory design process included the 
hosting and facilitation of a number of work-
shops with a community and stakeholder 
group. This provided support for the planning 
process and ideas about the design which fed 
into the development brief.

According to one of the development part-
ners, the joint venture arrangements gener-
ally worked well, but with some differences of 
opinion with regard to the appointment of the 
building contractor, the Thermoplan system, 
and the ownership of the centralised energy 
services. 

Midway through the project, with the concrete 
frame under construction, the financial crisis 
hit, which led to restructuring within the devel-
opment partners and a change of site-based 
personnel.

Evaluation Programme
Evaluation techniques used in this study are 
shown in the table to the right.

Table 3. BPE examinations
Examination Description
Energy 
consumption

Delivered heat energy and 
disaggregated electricity 
consumption in 5 dwellings
Analysis of the delivered heat 
energy and electricity consumption 
for the entire site from ESCo data

Building fabric 
performance

Coheating test on 1 apartment

In-situ U-value measurements on 
external wall
Infra-red thermal imaging

Air permeability tests on 5 dwellings

Thermal comfort 
and IAQ

Temperature, RH and CO2 
monitoring in 5 dwellings

Building 
services 
performance

An assessment of the performance 
of the communal heating system
Flow measurements of the 
mechanical ventilation systems in 
six dwellings
Assessment of the Specific Fan 
Power (SFP) of the MVHR units
Evaluation of summer bypass 
operation
PV electricity generation

SAP check Review of the developer SAP 
calculations

Occupant 
perceptions

2 BUS surveys (whole 
development)
Semi-structured interviews with the 
occupants of the five intensively 
monitored dwellings.

Process review Walkthrough and group interviews 
with the design and delivery team.

Five identical occupied one-bedroom apart-
ments (referred to as A, B, C, D and F) were 
evaluated in depth. Monitoring of the house-
holds began in February 2012, and this evalu-
ation included analysis of data up to Sep-
tember 2013 (20 months of data). Three of 
the households (B, D and F) remained in the 
monitoring programme for the full 20 months, 
however A withdrew at the end of April 2013 
and C withdrew at the end of June 2013.

In addition to the data for the five intensively 
monitored dwellings, the ESCo provided daily 
heat and electricity data for all 172 dwellings, 
non-domestic properties and communal areas. 

A problem was found with the space heating 
data for all five dwellings. It was determined 
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that the heat meter temperature sensor was 
not installed correctly. DHW data in the heating 
season was thus estimated from the average 
of the ESCo data when there was no space 
heating demand.

Design and Construction 
Experiences
During this evaluation programme a walk-
through with the design and delivery team was 
held. After the group had toured the site, the 
research team presented the results of the Co-
heating test, BUS survey and occupant inter-
views and a discussion ensued. Most attend-
ees said that they had not been involved in this 
type of feedback session for previous projects 
and felt it was a valuable experience.

Key points that were discussed included:

•	 The architects felt that space planning was 
largely controlled by the estate and letting 
agents, resulting in a lack of design free-
dom and prioritised investment return over 
making the best use of space.

•	 The use of Thermoplan blocks is still 
relatively uncommon in the UK and the 
contractors had to spend a considerable 
amount of time training their teams how 
to install them.  The engineers and design 
team did not initially trust the performance 
of the blocks due to a lack of familiarity.

•	 A lack of understanding of the impact of 
deflection tolerances for the post-tensioned 
concrete slabs resulted in later difficulties in 
achieving the desired levels of airtightness 
due to air leakage at the floor-wall junc-
tions.

•	 A range of problems related to the build-
ing services were discussed such as: the 
wrong MVHR units were delivered to site; 
the design and installation of the biomass 
boiler was complicated due to a lack ex-
perience by the design team and a lack of 
information provided by the biomass boiler 
supplier; the PIR controls for lighting sys-
tems were not initially installed correctly. 

•	 Problems with the design and installation 
of the MVHR units including: the location 

giving rise to possible access issues (dif-
ficulties changing filters) and unnecessarily 
long runs of primary ductwork; concerns 
with the design of the controls, which feed-
back had shown not to be user friendly.

•	 Problems had also been experienced with 
the operation and maintenance of the bio-
mass system. Smoke had fed back through 
the fuel supply auger and the fire brigade 
had been called out several times. This 
was found to be caused by an inconsistent 
woodchip fuel supply. The wood chip fuel 
for the boiler was sourced locally in line 
with the One Planet Living principles, and 
there were issues in obtaining a consistent 
quality.

Despite the problems discussed, the team felt 
that, on the whole, the finished building had 
met the original design intentions.

Building Fabric Evaluation
To evaluate the real building fabric perfor-
mance, air pressure testing, a Coheating test, 
in-situ U-value test, and a thermographic sur-
vey were performed.

Coheating Test
A Coheating test was carried out on one unoc-
cupied apartment on the One Brighton devel-
opment for 4 weeks between 11th March 2010 
and 7th April 2010. The apartment used was a 
mid-floor corner flat in the Brighton Belle block. 

Control of test conditions for the Coheating 
test presented some difficulties due to the 
requirement to also control the conditions in 
the surrounding flats and communal spaces in 
order to guard against heat flow across party 
elements. While it was possible to control the 
heating to the corridor and adjoining apart-
ment to the west, it was not possible to control 
the heating to the apartments on the North or 
the occupied apartments above and below. In 
these cases, temperature sensors were placed 
in the apartments and heat flux sensors placed 
on the party wall, floor and ceiling in order to 
estimate the heat flow across these elements. 
This lack of control introduces a higher level of 
uncertainty in the result.
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The design estimate of external fabric heat 
loss was calculated using the dwelling dimen-
sions and nominal design U-values, and the 
nominal thermal bridging Y-value was calculat-
ed using a combination of modelled psi-values 
and accredited detail psi-values. As no pres-
sure test was undertaken on the Coheating 
test apartment, CO2 tracer gas decay meas-
urements were used to calculate the mean 
ventilation loss during the test period. The 
predicted total heat loss for the test apartment 
is 36.7 W/K.

The measured and predicted heat loss coef-
ficient is shown in the Table below.
Table 4. Heat loss coefficients for mid-floor apartment.
Predicted Measured Difference
36.7 W/K 55.7 W/K +19 W/K (52%)

Care must be taken when analysing the re-
sults of this Coheating test due to the high 
level of experimental uncertainly, partly due to 
the timing of the test at the end of March and 
partly due to the potential errors arising from 
the number of party elements. However, the 
measured 19 W/K discrepancy indicates that 
there may be problems with both the assump-
tions used for the design estimate and the 
performance of the as-built fabric. For exam-
ple, the wall U-values used did not include the 
presence of hidden structural reinforced con-
crete columns (structural drawings were not 
provided to the evaluation team). Where such 
columns are present in the external wall, they 
would displace the Thermoplan blocks and in-
crease the designed U-value from 0.21 to 0.37 
W/m2K.

In-situ U-value Test
In-situ U-value measurements were carried out 
at two locations on the external wall. The wall 
U-value data was collected for the duration of 
the Coheating test.

There was a big difference in the final values, 
with the south east wall location measuring 
0.23 W/m2K, while the north east wall was 
much higher at 0.32 W/m2K (both compared to 
the design value of 0.21 W/m2K). 

It is thought that the most likely explanation for 
the difference is that the north east sensor was 

located at or close to a concrete column.

Air Pressure Testing
Air pressure testing was undertaken by an ex-
ternal testing consultant working on behalf of 
the developer. Test certificates were provided 
for five pressure tests, although it is believed 
that more may have been carried out. The 
pressure tests were carried out in depressuri-
sation only. 

The design air permeability for all apartments 
at One Brighton was 5 m3h-1m-2@ 50Pa. All five 
tests met the design target, with the results 
ranging from 4.17 to 4.84 with a mean of 4.5 
m3h-1m-2 @ 50Pa.

However, it should be relatively straightforward 
to achieve an air permeability of 5 m3 h-1 m-2 @ 
50Pa and below with apartments that have sol-
id concrete floors and ceilings, wet plastered 
wall finishes and where there are a limited 
number of service penetrations. In this respect, 
the results were somewhat disappointing. 

Previous work carried out on the airtightness 
of the One Brighton development indicated 
that the major air leakage paths were concen-
trated at the wall-floor junction, wall-ceiling 
junction and at cable and pipe penetrations 
(GHA 2008). In particular, there was a conflict 
between the continuity of the air barrier and 
the requirement for a 35mm gap at the top 
of walls to allow for floor deflection. A flexible 
membrane was used to form the air barrier at 
this junction, but the installation proved trou-
blesome.

Current advice in Part F 2010 for the maxi-
mum design air permeability for dwellings with 
MVHR systems is 3 m3h-1m-2 @ 50Pa in order 
to maximise the energy benefits of heat recov-
ery. It is unclear from the design documenta-
tion why a value of 5 was used in combination 
with MVHR.

Thermographic survey
A limited thermal imaging survey was carried 
out on the Coheating test apartment. Thermal 
images taken from the inside revealed thermal 
bridging through the concrete column and an 
air leakage pathway at the floor-wall junction.
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Real Fabric Performance
The table below compares the fabric design 
targets with the measured values. Overall the 
dwellings, as constructed, are fairly airtight and 
insulated, but U-values perform worse than the 
design targets.

Table 5. Real fabric performance
Predicted Measured

Heat loss 
coefficient

36.7 W/K
[UCL 
calculated]

55.7 W/K

Air permeability 5 m3h-1m-2

@ 50Pa
[design target]

4.17-4.84 m3h-1m-2 
@ 50Pa
4.5 m3h-1m-2 
@ 50Pa [mean]

Wall 0.21 W/m2K
[UCL calculated]

0.23 W/m2K [south 
east wall]
0.32 W/m2K [north 
east wall]

Building Services Review
A review of the installed services was con-
ducted, involving an inspection of some MVHR 
systems and measuring ventilation flow rates 
in 6 flats. 

Data on the commissioning of heating and 
ventilation systems at One Brighton was lim-
ited. All available data sheets and results from 
the commissioning processes carried out by 
the developer and sub-contractors were con-
tained in the One Brighton building manual. No 
test results or performance data were found for 
the biomass boiler, PV array, or MVHR sys-
tems.

The design flow rates in the M&E commission-
ing specification were given in boost mode 
only with no information on the trickle flow 
rates, other than to refer to the manufacturer’s 
installation manual. Comparing the design 
boost rates with Part F 2006 requirements, the 

total design boost rates are around 3 times the 
Part F minimum. It is thought that the design 
flow rates were determined by the space heat-
ing load rather than fresh air requirements.

Inspections of the MVHR system showed the 
following:

•	 Poorly taped connections between flexible 
ducting connected to the MVHR unit were 
found. Gaps in the duct joints will have a 
significant effect on the performance of the 
MVHR system.

•	 Many flexible ducts leading to the MVHR 
units were constricted, damaged or 
crushed. High duct resistance will lead to 
increased fan energy consumption. 

•	 The MVHR filters were excessively dirty 
and clogged with dust.

•	 Some of the kitchen air valves and con-
nected ductwork had a build up of visible 
fat deposits which will increase the duct 
flow resistance. 

•	 In one apartment the air valves in the 
kitchen and 2nd bedroom were almost 
completely closed.

•	 Many of the MVHR intake and exhaust 
terminal vents on the external walls are 
located above the windows of the dwellings 
in recesses protected by a louvre, with the 
intake and exhaust terminals separated by 
only around half a metre.  This will increase 
the risk of recirculation from the exhaust 
terminal into the inlet vent.

The flow rates of the MVHR systems were 
measured in two dwellings using a powered 
flow hood. Further measurements of boost 
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mode flow rates were carried out on the 5 
monitored dwellings using a vane anemom-
eter and flow hood. In total rates in 6 differ-
ent dwelling were recorded (one system was 
measured using both types of flow hood). Flow 
rate measurements in the apartments revealed 
the following:

•	 The total boost flow rates measured us-
ing the vane anemometer flow hood were 
found to be approximately balanced for all 
but one flat, where the total extract boost 
rate was around half the total supply rate. 
This will reduce the efficiency of the MVHR 
heat exchanger and limit the ability of the 
system to control moisture. 

•	 While in all cases the systems failed to 
meet the commissioning target total boost 
flow rate, most easily meet the regula-
tory ventilation requirements. The reduced 
flow rate compared to the design target 
should be expected to have little impact on 
air quality, but may affect the ability of the 
warm air system to deliver the designed 
heat output.

•	 The flow rates measured using the pow-
ered flow hood were 30% lower that the 
measurements taken using the vane ane-

mometer flow hood. Recent work by BSRIA 
has shown that powered flow hoods give 
more reliable results than unpowered flow 
hoods, especially at flow rates higher than 
15 l/s (Roper 2013a, 2013b).

•	 Filters in two apartments were cleaned to 
see the affect on the measured flow rates. 
The result was variable, but in each case 
the rates improved but still failed to meet 
their design target rates. 

Specific Fan Power (SFP) at different fan 
speeds was calculated for one installation. 
SFP varied from a low of 3.5 W/l/s in trickle 
mode up to a maximum of 6.2 W/l/s in boost 
mode, before the filter had been cleaned. 
These values are very high relative to a typical 
modern domestic MVHR system, which would 
be expected to be less than 1 W/l/s when in-
stalled correctly. 

Summer bypass
The performance of the heat exchanger by-
pass was assessed using the measured tem-
perature of the air in the supply and extract 
ducts. It was found that in summer there is 
very little difference between extract and sup-
ply temperatures indicating that the automatic 
summer bypass is not functioning as expected. 
Under designed operation, the supply air 
would be expected to be less than the extract 
air with the fan using untreated external air for 
free-cooling.

Environmental Conditions 
Monitoring
External conditions
External conditions were monitored from Feb-
ruary 2012 – September 2013. For 2012, the 
peak summer time temperature was 26.5°C 
and occurred in July. The summer in 2013 was 
warm by comparison, with peak temperatures 
of 27.7°C in July and 29.4°C in August. The 
degree day data show that the winter of 2012-
13 was slightly colder when compared to the 
20-year mean for the south east region (S.E. 
region data from Vesma 2013).
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Indoor temperature
For the winter season, the lowest tempera-
tures were for A (19.8°C) and the highest were 
in B and F (22.9°C). In all cases, the internal 
temperatures were higher than the standard-
ised assumptions in the SAP2005 calcula-
tion, which use a mean internal temperature 
of 19.5°C. Comparing internal temperature 
data with a recent study of internal tempera-
tures (Kane 2011) and SAP assumptions, One 
Brighton residents may be living at higher 
internal temperatures in winter than is typical 
in the UK. 

The maximum bedroom temperature in the 
summer reached 32.5°C in F, and the peak liv-
ing room temperature in the summer reached 
36.1°C in C. 

Overheating incidence was defined by the 
CIBSE overheating peak threshold tempera-
tures (28°C for the living room, 26°C for the 
bedrooms, 1% of hours maximum, CIBSE 
2006).

While some limited overheating in the living 
room of F was found, the bedrooms of all five 
dwelling regularly exceed the 26°C threshold 
(see Table 6).
Table 6. % time above CIBSE overheating threshold 
(Feb ‘12 – Jan ‘13)

A B C D F
Bedroom 
(% year)

4.3 11.4 12.1 16.3 28.7

Living Room 
(% year)

0.6 0.4 0.1 0.0 8.4

The differences in overheating suggest that 
the occupants are employing different ventila-
tion strategies and window opening and solar 
control behaviour. The east facing apartments 
(D and F) overheated more often than those 
facing south east and south west, suggesting 
that low level sun is an important factor.

Data on window opening behaviour showed 
that residents tended to modify their window 
opening in winter compared to summer. Open-
ing fell to between 0% and 10% of the time in 
winter, rising to 60 to 80% of the time in some 
apartments in summer. The implication is 
therefore that all residents are opening win-

dows in summer and are not relying solely on 
the free-cooling mode of the MVHR system.

Relative Humidity
For most of the year the internal humidity was 
within the acceptable range of 40 to 70% RH 
(CIBSE 2006), and there is no indication of 
RH in excess of 70% for any significant period 
for any of the dwellings. However, in B, D and 
F the mean humidity drops below 40% during 
the winter time.

The reduction in RH is not seen in A and C, 
and is consistent with energy and other data 
which indicate lower internal temperatures and 
that the residents in those 2 apartments have 
turned off their MVHR systems.

CO2 concentration1

In A, B, C and F, the mean levels of CO2 were 
around 750 to 850 ppm. The highest mean 
concentrations were in A and C, in which it 
appears that the ventilation systems had been 
turned off. The mean CO2 concentration in D 
was lower, at around 570 ppm.

The graphs below show the time profile for 
three CO2 ranges for the living rooms of C 
(which had turned the MVHR off) and D (which 
had kept it on). There is a considerable differ-
ence between the two, with the CO2 concen-
tration in D rarely exceeding 1000 ppm, but 
frequently higher than 1000 ppm in C, espe-
cially during the winter.

1  A recent meta-analysis of peer reviewed research into 
the effects of ventilation and air quality (Wargocki 2013) 
suggests a CO2 level of around 900 ppm represents a 
good air quality proxy threshold.  Satish et al. (2012) 
showed statistically significant effects on human cogni-
tive performance at 1000 and 2500 ppm, with a dose-
response relationship.
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Energy Monitoring
Energy consumption: monitored 
dwellings
The Figure below shows the total energy input 
to the monitored apartments split by electricity 
and communal heat. With the exception of B, 
energy use is dominated by electricity.

The total electricity consumption by end use 
for the five apartments is shown in the Figure 

below. Electricity use is dominated by plug-
in appliances. While the amount of electricity 
used for appliances is fairly similar for all apart-
ments, there are big differences for the MVHR 
systems. In A and C the MVHR energy use 
is very low, while in B, D and F it constitutes 
around 40% of total electricity use. It appears 
that A and C have the MVHR system turned off 
for most of the time. 

The annual electricity consumption in all five 
dwellings is well below the OFGEM ‘typical 
medium’ UK electricity use for all dwellings 
of 3300 kWh (OFGEM 2010). This would be 
expected given that the One Brighton dwell-
ings are all relatively small apartments. A more 
recent DECC analysis of UK domestic electric-
ity consumption (DECC 2013a) gives a mean 
for 2011 of 4200, median of 3400, and a lower 
quartile of 2200 kWh/a. With the exception of 
F, the electricity consumption at One Brighton 
is in this lower quartile.

Throughout the study MVHR energy use in A 
and C remained low, equivalent to an average 
of 15 W, thought to be the standby power for 
the unit. MVHR energy in B and D increased 
in winter, consistent with higher fan speeds 
when the unit is in heating mode. Conversely, 
the MVHR energy in F tended to be higher in 
the summer, consistent with higher fan speeds 
for free-cooling. MVHR power draw in trickle 
mode was around 60 W, in speed 2 between 
140 to 170 W, and in boost mode around 250 
W.

The total communal heat input to the moni-
tored apartments ranged from a low of only 
333 kWh/a for C (7.4 kWh/m2), to a high of 
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3113 kWh/a for B (68.7 kWh/m2). The highest 
space heating use was in B at 2614 kWh/a, 
while the highest DHW use was in F at 1207 
kWh/a.

There are clearly big differences in the way 
that the residents heat their homes and in how 
they use DHW. It would be expected that B 
would have the highest space heating require-
ment as it has the highest heat loss coefficient 
of the five dwellings, and the highest internal 
temperature in winter (22.9°C). 

The very low levels of space heat input in A, C 
and D are surprising even though the internal 
temperatures in winter in these apartments 
remained quite high (18 to 21°C). It is thought 
that these dwellings must be mainly heated 
from heat gains across party elements and the 
communal heating distribution system.

There are currently no databases of typical 
communal heat energy use for the UK against 
which to compare One Brighton. Instead, 
data from the DECC NEED database (DECC 
2013a) are used as a comparator.  The NEED 
dataset gives the median gas consumption for 
a purpose built flat of 50 m2 or less as 6400 
kWh in 2011, and 7100 kWh in both 2010 and 
2009. The heat consumption of the monitored 
apartments (333 to 3113 kWh) are significantly 
less than these values, even after allowing for 
factors to account for the efficiency of a gas 
boiler and differences in weather.

The energy use for DHW was variable, and 
ranged from 216 kWh/a for C to 1207 kWh/a 
for F. In all five cases, the DHW energy was 
significantly below that assumed in the SAP 

calculation (2343 kWh/a for F as the heat en-
ergy requirement for DHW demand).

Electricity consumption: site-wide 
domestic

From the energy data supplied by the ESCo, it 
was found there was a wide variation in elec-
tricity consumption for the 172 dwellings, with 
the lowest consumption being only 58 kWh/a, 
and the highest 7840 kWh/a. 

The Figure above shows the frequency distri-
bution of electricity use for the 172 dwellings. 
The data appear normally distributed and are 
skewed to the top end of the distribution, with 
a mean of 2480 kWh/a and a median of 2312 
kWh/a. The positions of the five monitored 
dwellings on the distribution are shown by red 
letters. A, C and D are in the bottom half of 
the distribution, while B and F are towards the 
middle of the distribution. 

The average floor area for the 172 dwellings 
at One Brighton is 54 m2, so the normalised 
mean electricity use was 46 kWh/m2/a and 
the normalised median was 43 kWh/m2/a. The 
median annual electricity consumption for all 
172 dwellings (2312 kWh) is comparable to the 
median of 2500 kWh for purpose built apart-
ments in the NEED database (DECC 2013a).

Heat consumption: site-wide 
domestic
The Figure below shows the frequency distri-
bution of communal heat use for the 172 dwell-
ings. The distribution is highly skewed towards 
the top end. The positions of the five monitored 
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dwellings on the distribution are shown by red 
letters.

The mean communal heat input was 1780 
kWh/a, with a maximum of 6682 kWh/a. The 
annual gas consumption data in the NEED 
database (DECC 2013a) for a purpose built 
apartment gives the median in 2011 as 6400 
kWh and 7100 kWh in 2010. These gas data 
can be compared with the median communal 
heat input from One Brighton over the monitor-
ing period of 1632 kWh, and indicate that the 
heating and hot water energy requirements at 
One Brighton are much less than the UK norm 
for purpose built apartments. 

Using the average floor area for all One Bright-
on dwellings of 54 m2 gives the normalised 
mean delivered heat use of 33 kWh/m2/a, with 
a normalised median of 33 kWh/m2/a. These 
results are significantly better than the original 
design performance target for the development 
of less than 75 kWh/m2/a for combined space 
heating and hot water demand.

Energy consumption: entire site
Shown in the Figure below, energy use was 
dominated by the dwellings, with delivered 
heat to dwellings at 25% of total energy use 
and electricity use within dwellings at 33% 
of total energy use. Total delivered energy 
from October 2012 to September 2013 was 
1,290,638 kWh. It is interesting to note that the 
electricity used for common areas was 15.3% 
of total energy use. SAP calculations currently 
take no account of energy used in common 
areas, and these results suggest that SAP 

may therefore be missing a significant area of 
energy consumption in apartment blocks.

Communal heating system 
performance
The heat output of the communal heating 
system was measured using data from heat 
meters located on the biomass and gas boiler 
supply pipework. There is no heat meter to 
measure the total output from the plant room 
to the development, so it was not possible to 
determine system losses from within the plant 
room itself. 

Heat output was mostly supplied by the gas 
backup boiler, with heat from biomass only ac-
counting for 34% of total heat output. The de-
sign and regulatory expectation was that close 
to 100% of heat should have been provided by 
the biomass boiler, with the gas backup only 
being used for shutdowns due to maintenance 
or equipment faults. Clearly, there have been 
significant issues with the reliability of the bio-
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mass boiler.

The Figure above shows the monthly heat out-
put from the communal heating systems. The 
summer base demand is around 60,000 kWh/
mo, while the peak demand in the winter is 
approximately twice this, at 120,000 kWh/mo. 
The biomass boiler was only operating for 14 
months out of the 20 month monitoring period.

The measured efficiency of the gas boiler was 
very good, with an overall efficiency of 86.1% 
over the monitoring period. The overall ef-
ficiency of the biomass boiler over the period 
was estimated at 69.6%. The efficiency for 
the communal biomass boiler used in the as-
built SAP calculation was 85%, which is much 
higher than the measured 69.6%.

The heat losses from within the plant room 
and distribution network were calculated to 
be 58.8%, which is equivalent to a distribu-
tion efficiency of 41.2%. Losses arising from 
the heating network would have the potential 
to provide useful gains during the heating 
season, however, in the summer, contribute 
to overheating. The research team were not 
provided with any design calculations for the 
expected losses from the communal heating 
network, so it is not possible to compare these 
results with the designer’s assumptions, but 
the default value for community heating in SAP 
2005 gives a distribution efficiency of 95%. 
Actual losses were therefore eight times those 
assumed in the as-built SAP calculations. 

Overall communal heating performance and 
system efficiencies are shown in the Table 
below.

Table 7. Communal heating performance
As-built SAP Measured

Heat from Biomass 
Boiler (%)

100 34

Biomass Boiler Efficiency 
(%)

85 70

Heat from Gas Boilers 
(%)

0 66

Gas Boiler Efficiency (%) n/a 86
Distribution Efficiency 
(%)

95 41

As-built SAP Measured
Parasitic Plant Room 
Electric 
(% of delivered heat)

0 11

PV performance
The mean annual yield of the PV array was 
found to be 10,252 kWh/a. The expected yield 
for the PV array at One Brighton was calcu-
lated using the algorithms given in SAP 2012 
(BRE 2013). SAP gives a predicted output of 
10,694 kWh/a, which is reasonably consistent 
with the measured long term average, indicat-
ing that the panels are performing well.

Carbon emissions: entire site
The measured carbon emission factor for 
delivered heat at 0.50 kgCO2/kWh was ten 
times the 0.05 kgCO2/kWh calculated using 
the design assumptions . The carbon intensity 
of heat delivered by individual gas condensing 
boilers in each apartment would be expected 
to be 0.24 kgCO2/kWh (allowing for a system 
efficiency of 87%) - half the measured emis-
sions of the communal system at One Bright-
on.

The total measured carbon emissions of 632 
tCO2/a does not compare favourably with de-
sign expectation for emissions of around 250 
tCO2/a, given in the One Brighton sustainability 
action plan (Bioregional Quintain 2007).The 
amount of carbon offset by the PV panels (0.6 
tCO2/a) is less than 1% of overall emissions.

The difference in expected and real carbon 
emissions is due primarily to the operation and 
losses of the communal heating system.

Carbon emissions: monitored 
dwellings
Carbon emissions for each monitored apart-
ment is shown in the Figure below.

Total carbon emissions ranged between 30.7 
kgCO2/m

2/a for C up to 69.4 kgCO2/m
2/a for 

B. The sum of regulated electricity and deliv-
ered heat can be compared to the value of 9.7 
kgCO2/m

2/a, given as the Dwelling Emission 
Rate (DER) in the as-built SAP calculation 
for F. Even allowing for differences in heat 
demand due to the actual weather and occu-
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pancy, the measured carbon emission rates for 
B, D and F are significantly higher than in SAP. 
This is mostly due to the high carbon intensity 
of the delivered heat.

Energy costs
The average total bill of the monitored apart-
ments was £799 (February 2012 to January 
2013). Total energy costs for the monitored 
apartments ranged from a low of £704 for A 
to a high of £928 for B. These compare to the 
average annual energy costs for a typical UK 
dwelling with gas and standard electricity of 
£1,279 (DECC 2013b). The direct energy costs 
for the monitored One Brighton apartments are 
therefore around 40% cheaper than the aver-
age UK gas-heated dwelling (not even taking 
into account One Brighton heat provision costs 
which include maintenance of the HIU).

Occupant Perceptions
BUS survey
The Building Use Studies (BUS) survey was 
used to assess the comfort and satisfaction 
of the residents at One Brighton. The survey 
gauges occupant satisfaction with their dwell-
ing and helps to inform the research team 
about occupant issues, which can then be 
cross-referenced with measured data to ascer-
tain potential reasons for good or poor perfor-
mance.

Residents were asked to complete the survey 
on two occasions – first, during the winter of 
2011, and then during the summer of 2012. 
Distribution of the survey was coordinated 
with the help of the developers and the green 

caretaker. 62 surveys were completed from 60 
apartments in the first survey (35% response 
rate). For the second survey 51 surveys were 
completed from 50 apartments (30% response 
rate). 

Results from the first survey showed that the 
majority of residents found the living conditions 
to be healthy and satisfactory. Around 80% of 
residents who responded indicated that the 
building met their needs. 

A wide range of factors were mentioned that 
worked well. These included the apartment 
layouts, allotments, bike storage facilities, 
building location, recycling bins, the green 
caretaker, levels of thermal insulation and 
transport links. Examples of things that were 
perceived to be not working as expected in-
cluded poor acoustic insulation, the intercom 
system and the heating/ventilation system. 
Residents also complained about the lack of 
on-site car parking.

Air quality was generally reported to be dry 
or too dry, consistent with RH measurements 
in the monitored apartments. This is a known 
potential side-effect of warm air heating sys-
tems. Of concern was overheating during the 
summer, with 75% of occupants reporting that 
it was either hot or too hot. It is worth noting 
that the summer of 2011 was relatively cool, 
with peak temperatures around 2°C lower than 
the heat wave of August 2003. This suggests 
that the development is likely to be at risk of 
overheating in a heat wave.

The main health issues reported were related 
to noise, dust, pollution, air dryness, and the 
heating and ventilation system. Nevertheless, 
84% indicated that there had been no changes 
or perceived health effect while living at One 
Brighton. 

A negative aspect was that many residents 
thought that energy costs at One Brighton 
were higher than in their previous accom-
modation. In particular, the occupants were 
concerned about the standing charge which 
was perceived to be too expensive. It is not 
clear if residents realised that the costs of One 
Brighton standing charge includes the cost of 
maintaining the heating system when making 
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any cost comparisons.

The results from the second BUS survey 
showed most people remained satisfied and 
comfortable. In general, people were still satis-
fied with the space and layout of the building. 
However, some residents did indicate noise and 
antisocial behaviour as negative issues related 
to the location of the site in addition to a lack 
of control over internal environmental condi-
tions (e.g. temperature and noise). Opening 
windows at One Brighton can be problematic 
for some due to the high levels of outside noise 
and pollution from the surrounding area. Even 
though most residents had been in occupation 
for more than a year, more than half reported 
some degree of dissatisfaction with the control 
of the heating and ventilation system. This was 
especially so during warm summer days. As 
before, comments indicated that the air from 
the ventilation system was dusty and dry. This 
issue could perhaps be related to the cleaning 
and maintenance of filters, with feedback from 
the residents indicating that access to the filters 
was difficult. 

In general, the differences between results from 
the two sets of surveys were small, but with a 
decrease in satisfaction levels in 2012 com-
pared to those in 2011.

Interviews with residents
Five households were also interviewed. Most 
interviewees were concerned about the control 
of internal temperature in the summer, consist-
ent with the results of the BUS surveys which 
highlighted summer overheating as a concern. 
There were also reports of problems with 
achieving adequate internal temperatures in the 
winter, and control and maintenance issues with 
the MVHR system.

The residents liked the location and design of 
the development, but did not like the lack of in-
ternal space, poor storage facilities or the com-
bined kitchen/diner. The cost of delivered ener-
gy, standing and services charges were thought 
to be too high. A comment from one resident 
about “warm water from cold water taps” pos-
sibly points to heat transfer from the communal 
heating system to the cold water supply.
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Key Findings and Lessons
Building fabric
•	 A fabric-first approach to building design can result in a significant reduction in energy de-

mand for space heating compared to the building stock. One Brighton shows that a well spec-
ified fabric strategy is likely to be more deliverable in practice than many other low carbon 
technologies, and where it is successful, to substantially mitigate technical underperformance 
of other systems.

•	 The measured heat loss coefficient was low in comparison to regulatory targets, but was 
around 50% higher than predicted. This was partly because the designed assumptions had 
neglected to include the concrete columns in the wall. However the Coheating test procedure 
for the apartment was highly complex, and there is a relatively high level of uncertainty with 
the test result. 

•	 The measured air permeability values were all less than the design target of 5 m3h-1m-2. 
However it should have been possible to achieve lower levels of air leakage given the use of 
concrete floors, high performance glazing and the lack of cavities in the construction.

•	 The external wall closely matched the calculated performance, although the measurement 
was carried out in two locations only. The implication is that walls constructed using perfo-
rated clay blocks and external wood fibre insulation are thermally robust.

SAP
•	 The evidence from One Brighton is that there can be significant errors in SAP inputs and 

inaccuracies in U-value calculations. This is perhaps unsurprising, as previous research car-
ried out by the Energy Efficiency Partnership for Homes (Trinick, Elliott, Green, Shepherd and 
Orme 2009) showed that, in a sample of 82 SAP assessments, nearly all had some level of 
error, which in 20% of cases would have resulted in the assessment failing to meet the design 
target emissions.

•	 The measured data show that common area electricity accounts for 21% of total carbon emis-
sions associated with the dwellings at One Brighton. The existing protocols for the treatment 
of electricity use for common areas in the regulatory assessment of apartment blocks mean 
that this energy use is not included in the SAP assessment or the requirements of Part L1a. 
In the case of One Brighton, the common areas are exclusively for the use of the residential 
part of the development, and it could be argued that Energy Performance Certificates should 
include some assessment of carbon emissions and service charges associated with common 
areas.

Building services
•	 The MVHR system flow rates were not meeting the design specifications, which will reduce 

the effectiveness of the MVHR system in heating mode. However the measured flow rates 
exceeded the minimum regulatory requirements for fresh air under Part F.

•	 A range of issues were found with the condition of the ventilation systems examined:
•	 The kitchen extract vents were located too close to the cooker and hob, and were found 

to be contaminated with fat deposits. 
•	 The filters that were examined were dirty. In most cases, cleaning the filters significantly 
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increased flow rates in the system. This highlights the importance of regular mainte-
nance.

•	 The terminal intake and exhaust vents on the outside of the building were sited very 
close to each other and were in recessed alcoves in the wall, increasing the risk of recir-
culation of stale exhaust air back into the MVHR supply. MVHR manufacturers generally 
recommend a minimum separation distance between intake and exhaust vents of 2m to 
2.5m. The guidance in TM21 (CIBSE 1999) also recommends that ventilation exhausts 
are not contained within architectural enclosures or behind screens, as this increases the 
risk of recirculation.

•	 The measured specific fan power of the One Brighton MVHR units was very high compared 
to a measured SFP value of around 1.2 W/l/s for a well installed, SAP appendix Q certified 
domestic MVHR system (Wingfield 2011). The impact of such poor SFP values can be seen 
in the electricity used to run the MVHR systems where the annual electricity consumption for 
the MVHR units constituted around 40% of measured total electricity use in these apartments. 

•	 Monitored temperature data indicated that the summer bypass (heat exchanger bypass) is 
not operating as intended. Thus it is not expected that free-cooling is being supplied by the 
MVHR systems monitored.

•	 It is known that some of the early issues with the biomass boiler related to the wood chip fuel 
initially used. To address these problems, the fuel was switched to wood pellets shortly after 
the development was complete. However, despite these changes, there have continued to be 
reliability issues with the biomass boiler. 

•	 The contribution of the biomass boiler to overall communal heat output was around 34% - 
most of the heating was supplied by the back-up gas-fired boiler.  This, in addition to high 
distribution losses, increased the carbon emissions related to heat delivered by the communal 
heating network significantly. 

•	 The performance of the roof-mounted photovoltaic array was within expectations, with elec-
tricity generation averaging 10,252 kWh/a over a four year period. Electricity generated by the 
PV array offset a relatively modest 1.3% of the total electricity demand. This is lower than the 
design target of 5%.

Indoor Air Quality
•	 The measured IAQ ranged from satisfactory to poor. The variable air quality was in some 

cases found to be related to the fact that residents had turned off the ventilation system. 
•	 The underlying causes of the poor air quality are unknown, but are likely to be related to high 

internal temperatures, combined with the fresh air provided by the ventilation system, and oc-
cupant behaviour.

Indoor temperature
•	 Summer overheating was found in the bedrooms of the monitored dwellings. This was unex-

pected as the MVHR systems were specified with a high flow rate free-cooling mode which, 
and the dwellings have a high amount of exposed thermal mass.

•	 Overheating is related to occupant behaviour (e.g. window opening, incidental gains from ap-
pliance use and the use of curtains for shading) and gains arising from losses from the com-
munal heating pipework. The condition and operation of the MVHR systems will reduce the 
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potential of the ventilation system to minimise overheating. 
•	 The measurements were reinforced by the responses from the BUS surveys, where many 

residents voiced concerns about high temperatures in the summer. 

Energy consumption
•	 The measured performance of the delivered heat energy of the dwellings compared favoura-

bly with the design target. The mean delivered communal heat to all dwellings was 34.4 kWh/
m2/a compared to the design target for space heating and domestic hot water of 75. 

•	 The mean electrical consumption for all the dwellings (excluding communal areas) was 45.8 
kWh/m2/a, which is just above the design target of 45. 

•	 In carbon terms, the measured performance of the dwellings was much higher than the de-
sign target. The measured carbon emissions for delivered heat and electricity were 41.0 kg 
CO2/m

2/a compared to the design maximum of 25.
•	 For the three households that used the MVHR system as designed, around 40% of total elec-

tricity use was for that system.
•	 Actual carbon emissions for delivered communal heat for the whole site were ten times that 

predicted, and twice that which would have been expected had the development used indi-
vidual gas boilers to heat the apartments. The factors giving rise to the high emissions were 
related mainly to the use of the backup communal gas boiler in preference to the main bio-
mass boiler and high distribution losses. 

•	 Common area electricity accounted for 21% of total carbon emissions associated with the 
dwellings. 

•	 Many residents in interviews and BUS survey responses expressed concerns about the cost 
of delivered energy, standing charges and service charges. Comparisons of average energy 
costs at One Brighton show that typical annual energy bills were actually around half of that 
for a typical gas-heated dwelling in the UK, after taking into account the costs of boiler re-
placement and maintenance. Issues around energy costs at One Brighton may therefore be 
related more to expectation and a lack of understanding as to what is included in the charges. 

Occupant perceptions
•	 Overall the results from the BUS surveys show a relatively high level of satisfaction with the 

development.
•	 The BUS surveys and occupant interviews showed:

•	 In general, the building meets the occupants’ needs.
•	 One Brighton delivers healthy and satisfactory living conditions for most occupants. 
•	 Comfort conditions in winter are better than in summer.
•	 The main issue in summer appears to be overheating.
•	 The occupants have issues with the maintenance and functionality of the MVHR system. 

In particular, occupants voiced concern over the access to the MVHR unit to change the 
filters.

•	 Residents are concerned about the cost of delivered energy and service charges 
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Building Performance Evaluation
•	 Some differences were found for MVHR flow rates measured using a powered flow hood 

compared to those taken using a simple flow hood and anemometer. These differences are 
consistent with recently published results from BSRIA which indicate that powered flow hoods 
are more accurate than anemometer devices, especially at higher flow rates (>15 l/s). 

•	 The participants of the Design and Construction walkthrough enjoyed the feedback process 
and found it useful and productive; all stated that they would be interested in taking part in 
similar processes in the future.

•	 The heat meters designed to enable separation between the use of domestic hot water and 
space heating in the monitored dwellings had not been installed properly. This demonstrates 
the importance of robust procedures for the design, installation and commissioning of moni-
toring equipment. It is also clear than many installers and sub-contractors are still not familiar 
with the installation requirements of measuring devices such as heat meters, energy displays 
and sub-meters.
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