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ABSTRACT 

This research investigates the risk of overheating in 

three newly developed zero-carbon affordable 

housing schemes in the North of England, UK. 

Internal occupancy loads and window opening 

behaviour modelling profiles were created based 

upon post-occupancy interview analysis and 

observations coupled with findings from the 

literature. The interviews and simulations 

consistently revealed a sustainability tipping point, a 

combination of behavioural and social issues in the 

higher code compliance homes that together led to 

overheating even in winter. Results indicate that even 

when all windows are opened from 6a.m.-11p.m. the 

risk of overheating still exists for over 30% of the 

occupied time in summer. This research raises further 

questions on how occupants’ behaviours should be 

factored into modelling for regulatory compliance. .  

INTRODUCTION 

Affordable housing developments, because they are 

partially funded by government, have to demonstrate 

a holistic sustainability approach, compliance with 

building regulations (Part L) and codes to decrease 

CO2 emissions at design and post constructions stage. 

The access of these developments to government 

programmes and funding effectively diminishes the 

economic barriers concerning the cost of sustainable 

technology. All developments undergo building 

performance ratings to check their energy 

consumption, though these are for compliance of the 

envelope and systems only; i.e.  without occupants or 

internal gains predictions. To improve on minimum 

regulatory compliance, aiming at higher levels of 

fabric insulation and air tightness compliance, the 

Code for Sustainable Homes (CSH) has been 

mandated for all government funded projects since 

April 2007. The Code has six levels of compliance 

(level 3 is equivalent to minimum regulatory 

compliance in Part L 2010). In May 2008 all social/ 

affordable housing schemes had to achieve level 4 or 

higher. Code level 4-6 compliance is measured against 

categories including energy, CO2 emissions, water, 

materials, surface water run-off, waste, pollution, 

management, ecology, and health and well-being. 

-Code level 4 requires a 25% improvement above Part 

L (2010) 

-Code level 5, required a 100% improvement. 

-Code level 6, is a Net Zero CO2 Emission design, 

equivalent to the Passivhaus standard in Germany 

As standards were further tightened in the Part L 2013, 

Level 4 is roughly equivalent to 19% improvement 

than Part L1A 2013. 

Although Code compliance  is checked at design 

stage, code certification is awarded post-construction. 

In addition to the technical challenges faced by the 

construction sector in meeting air tightness standards 

and while using new materials and construction 

techniques (Figure1), the prospect of post-completion 

assessments raised concerns regarding the costs of the 

complaince procedures, and design time implications. 

But, more relevant to this research are the concerns 

over post-occupancy overheating risks.  

Figure 1 Number of design stage and post 

construction stage approvals for Code4-6 homes in 

the UK (DCLG, 2014) 

Due to the stringency in air tightness and insulation 

requirements, of the 183,814 UK schemes tested for 

Code Level 3 or above, between 2007-14, only 23% 

were awarded Code level 4-6 in the UK post 

completion  (DCLG, 2014) (Figure1). Previous 

research suggests that the problem of overheating in 

sustainable homes is related to both occupancy 

behaviours and trends in uptake of home technologies 

that increase internal gains. 

NHBC foundation (2012) research suggests that the 

success of low carbon housing depends upon not only 

improving the fabric performance, but also 

understanding the relationship between occupants’ 

use of the property, household types and occupancy 

patterns. Previous research suggests that in Code 4-6 

homes, the tightening of the building envelope, 

provision of double and triple glazing with trickle 
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vents, use of new building materials and renewable 

energy generation and Mechanical Heat and 

Ventilation Recovery (MVHR) technologies lead to 

unknown consequences of reliance on technology to 

deliver thermal comfort and air quality in the home. 

McGill, et al. (2015) compared occupants’ 

engagement with MVHR and their related ventilation 

behaviours in both Code 3 homes (naturally 

ventilated) and Code 4 homes. They concluding 

occupants’ natural ventilation behaviours and their 

lack of knowledge of how to operate the MVHR units 

led to high levels of indoor pollutants, in instances 

very high CO2 Levels (above the recommended 

1000ppm), and living room temperatures of 27oC in 

winter. Sharpe’s (2014) studies demonstrated the 

ineffectiveness of trickle vents to support background 

ventilation. Sameni, et al. (2015) studied the risk of 

overheating and its impact on thermal comfort 

perceptions in zero-carbon flats using monitoring 

techniques over three periods over three summers. 

Their study concluded that, using thermal comfort set 

points, two-thirds of the sample of 23 monitored flats 

overheated (>25oC) for about 72% of the occupied 

time in summer. They related this to occupants’ 

ventilation and shading behaviours rather than to the 

construction of the flats to passive house standards. 

However, using thermal adaptive thermal comfort 

indices indicated that the over- heating risks are 

reduced. 

The increase in the availability of electrically powered 

home technologies has contributed to an increase in 

time spent at home and a higher demand for energy 

and thermal comfort. 

The objectives of the research were to:  

1- Test how current behaviours, and social norms 

affect the number of overheating hours above 25oC 

in summer based on actual users’ perceptions of 

their internal and external environments; 

2- Simulate possible behaviours to reduce the 

overheating risks. 

3- Validate the overheating risks predicted by the 

building simulation software (IESVE2014) 

Internal Gains: 

It was observed that although these schemes were for 

low income housing, all houses had the full range of 

home appliances, including dishwashers, dryers, as 

well as home computing, PlayStation and more than 

one  TV. These were included in the simulation 

profiles. ECUK (2014) Government statistics state 

that, between 1970 and 2013 electricity consumption 

from consumer electronics increased by 377 per cent, 

wet appliances by 154 per cent and cold appliances by 

91 per cent. Since 1990, increased by 77 per cent, Two 

thirds of the 77% increase in electricity consumption 

from consumer electronics since 1990 has occurred 

between 2000 and 2013. In the same period, electricity 

consumption from lighting and cold appliances fell 24 

per cent and 19 per cent respectively. The reduction in 

electricity consumption for lighting appliances is 

greater between 2000 and 2013 than between 1990 

and 2013, as electricity consumption of lighting 

increased in the 1990s and has only been dropping 

since 2004.  

Home computing, which had no recorded energy use 

in 1970, rose by 125 per cent between 2000 and 2013. 

Consumption by home computing appliances fell for 

the first time between 2012 and 2013 by 2 per cent, to 

0.6 MTOE. 

 

Energy Saving Behaviours. 

According to Abrahamse (2007) there are two types of 

energy-saving behaviours; ‘efficiency investment’ 

behaviour and ‘energy management curtailment’ 

behaviour’  

Efficiency investment behaviour occurs when 

investments in particular interventions are undertaken 

to improve the thermal performance of building fabric 

or improved home equipment (meters, thermostats, 

etc.) or appliances to reduce energy demand while 

maximizing home comfort. However, this is not the 

type of energy behaviour that is of interest in the 

current paper. Consequently, housing estates were 

chosen that had already applied the maximum 

interventions to the above to achieve above-regulatory 

compliance standards. 

The second behaviour highlighted by Abrahamse is 

the habitual or ‘curtailment’ behaviour that entails 

occupants exerting an effort to minimize energy use 

through engaging with the building fabric, building 

systems, and appliances. Examples of these 

behaviours include doing full loads of laundry at low 

temperatures and when free electricity is supplied by 

the PV cells, switching off electricity, opening blinds 

for daylight, switching off TV and PlayStation when 

not in use, etc.  

As the homes included in this study exceed building 

regulatory conformance it allows us to focus on 

curtailment behaviours in the home. 

The sampling of behavioural patterns and social-

related issues included all homes, whereas the 

simulations were only carried out on the higher (Code 

Level 6) compliant homes.  

 

METHODOLOGY: 
The adaptive thermal comfort indices defined by 

European Standard EN15251 were used to set 

simulation ranges for comfort temperature (Table 1). 

Tc in summer is calculated using equation (1) 

            Tc(oC)= 033Trm+18.8               (1) 

Where Trm is the running mean temperatures. 

 

The lower boundary of 21oC is chosen as indicated 

from all the interviews that this was the lower setting 

for thermostats and higher boundary of comfort is 

25oC for the summer period. 

To inform the building performance simulation’s 

internal gains and ventilation profiles interviews and 

post occupancy questionnaires were undertaken from 

November 2014 to May 2015, in three sustainable 

social housing schemes. Two are Code 4 and the other 
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is Code 6 post-construction certified. For anonymity, 

the schemes will not be identified in this research 

 

Table 1: presents annual calculations for predicted 

adaptive comfort levels. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A formal letter was distributed by hand through 

letterboxes giving the researchers’ contact details and 

explaining the research aim of understanding living in 

sustainable development schemes. A first round of 11 

‘one to one’ interviews was undertaken. Researchers 

also used this as an opportunity for occupants to 

comment on the draft questionnaire, which was 

modified and distributed by hand to all schemes over 

subsequent weekends. 

 

The questionnaire was constructed based on the 

Buildings in Use (BUS) methodologies to 

systematically study the engagement of occupants 

with their residences: how these buildings affects their 

lifestyles and behaviours, and conversely how 

occupants’ behaviours affects energy consumption. 

The questions were categorized in sections to give 

feedback on background (gender, age and years of 

residency), building use and layout and how occupants 

were satisfied with issues of privacy and noise, and air 

quality (the last to inform what impact these would 

have on natural ventilation behaviours).  Of particular 

interest to this paper is the section on thermal comfort, 

control of thermostats and opening windows to control 

air quality and indoor temperatures. A final section 

asks if living in the unit has led to behavioural changes 

and invites further comments.  

 

The sample 

The schemes are built and rented by housing 

associations that operate with local councils to ensure 

that the choice of successful applicants meets a set of 

criteria. 

Compared to the private housing stock, the Social 

Housing Sector in the UK provides a good opportunity 

for testing perceptions and occupants’ behaviours due 

to commonalities created by the occupants’ selection 

criteria. Although occupants vary in age, and family 

structures the selection criteria states that all occupants 

must follow the Allocation of accommodation: 

Guidance for local housing authorities in England, 

(2012). This requires that applicants should: 

-Have 5 years continuous residence in the district, 

excluding time spent in temporary accommodation, 

and be resident at the point of application. 

-Have close relatives who at present live in the District 

and who have lived in the District for at least 10 years 

(such as parents, adult children, brothers or 

sisters) 

-Be currently employed for a minimum of 24 hours per 

week within the district and have been so for at least 

12 months. Where the Council accepts a joint 

application the hours of employment per week can be 

accrued between both applicants which must equal a 

total of at least 24 hours. 

The study highlighted issues concerning noise 

transmission between units and discomfort from noise 

levels due to the proximity to developments for less 

advantaged social groups where anti-social 

behaviours affected the developments residents’ 

feeling of security in the home and their desire to open 

windows or leave the ground floor windows opened 

when not in the room. It was also observed that in the 

evening some residents left the lights on for security 

when away from the home. 

The three schemes have common features that 

required equal levels of engagement with sustainable 

technologies, but in this paper only Code Level 6 

semi-detached homes (9 homes from one 

development- one from the second development was 

monitored for a week in summer and used for 

validating simulation results) are used for simulations. 

All units have 

- A Photovoltaic array covering the south-facing roofs. 

The PV panels are provided under a ‘rent a roof 

scheme’, where residents can use the generated energy 

in the morning but surplus is imported to the national 

grid and revenues paid to the installing companies; 

-Rain water recycling for flushing toilets and flushing 

toilets; 

-Solar heating cells; 

-Thermostatic valves to control radiator temperatures; 

- Indoor air temperature displays and energy monitors; 

-Mechanical ventilation and Heat recovery systems; 

- Community heating scheme in one development only 

(certified to Code 6); 

-Energy saving electrical bulbs; 

All occupants were given an energy information pack. 

Arguably, living in an energy efficient community 

might promote a more sustainable approach to 

everyday-life because of occupants’ inclination to 

adopt norms and behaviours of others around them.  

The schemes have 156 dwelling units in total, the 

Code Level 4 development were 134 units of which 56 

responses were collected (42% response rate)  and the 

Code Level 6 development has 21 dwelling units of 

which 14 responses were collected (67% response 

rate). The questionnaire asked the respondents to rank 

in order why they choose to apply to live in these 

  Tm Tc Tmax 

Jan 1.82 19.4 21.4 

Feb 3.47 19.9 21.9 

Mar 3.61 20.0 22.0 

Apr 7.6 21.3 23.3 

May 8.16 21.5 23.5 

Jun 10.49 22.3 24.3 

Jul 13.76 23.3 25.3 

Aug 13.54 23.3 25.3 

Sep 11.83 22.7 24.7 

Oct 9.81 22.0 24.0 

Nov 7.36 21.2 23.2 

Dec 5.21 20.5 22.5 
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properties. Interestingly, sustainability features ranked 

third. Renewables were perceived as a technological 

novelty and were positively correlated to occupants’ 

high expectations that thermal comfort could be 

achieved with reduced bills. It is important to note that 

all respondents stated that moving to a new home was 

an improvement in living standard compared to the 

homes they previously occupied (Figure2). 

Figure 2: Ranking of preferences choices in applying 

for dwellings (lowest number higher in priority) 

 

The Model 

The 9 houses in this scheme are staggered and all 

include an open living/kitchen space that is attached to 

an South facing sun room that opens directly onto the 

living space. The simulated base case is a mid-terrace 

house (Figure 3, 4 and 5). 

Figure 3: A typical house plan, note middle bedroom 

has no direct access a window except from the 

sunspace 

Technical Performance 

220mm timber frame packed with insulation 

U-values (achieved) 

Floor                0.1 W/m2K 

Walls                0.14 W/m2K 

Roof                 0.09 W/m2K 

Window          0.7 W/m2K 

Air-tightness level of 1.6m3/m2/hr@50pa (Achieved) 

 

 
Figure 4: showing front of house  

 
Figure 5: showing sunspace on ground floor, on the 

first floor the sunspace provides daylight and 

ventilation for children’s rooms. 

 

Table 2: summarizes the various occupancy and 

internal load gains profiles that were based on the 

questionnaire, [P] = number of People occupying a 

room 

 

Table2 Indicates internal and Occupancy Profiles: 

Kitchen and Dining: 07:30-09:00 17:00-19:00 [4P]* 

Living room: 19:00-21:00[4P], 18:00-23:00[2P] 

(Mon-Fri); 09:00-23:00 [2P] (Sat-Sun) 

Bedroom 1: 00:00-07:00[1P], 23:00-24:00[1P] 

Bedroom 2&3: 00:00-07:00[1P], 18:00-24:00[1] 

Bathroom: 07:00-08:00 [1P], 20:00-21:30 [1P] 

TV: 17:00-21:00 (Mon-Fri); 09:00-21:00 (Sat-Sun) 

Lighting: based on observations lighting was 

switched on in the morning due to the small window 

to wall ratios, with one kitchen window facing North 

and and small window facing South in the living 

room (WWR 15%). Therefore, lighting follows room 

occupancy profiles except in sleeping hours.  

Computer: 17:00-21:00 (Mon-Fri); 11:00-21:00  

3.27
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The questionnaires, interviews and observations were 

used to understand the link between energy use and 

thermal satisfaction in these high performance homes. 

The Code Level 6 development relied on delivery of 

fresh air through MVHR system and window opening 

not more than 10% of the opening area to deliver fresh 

air. Nearly half (48.3 per cent) of the sample stated that 

their homes were ‘often too hot’ during warm and hot 

weather, with 46 per cent of these occupants also 

reporting a strong dissatisfaction when asked about 

overall indoor thermal comfort. Interviews indicated 

thermal overheating occurred year-round but more in 

summer (Figure 7) and lack of information on how to 

operate the MVHR units and the PV systems.  

Figure 7: shows the lack of engagement with the 

energy monitors left hidden behind bottles in the 

kitchen, and interestingly a 25oC indoors in winter on 

a weekend where outside temperature was 10oC,, 

thermostats were automatically set to 21oC. 

Interview statements included the following 

observations: 

-‘[the house was too hot in summer, and having 

windows open makes no difference’ U2. 

-‘In the summer months my house can reach 30 

degrees and at the same time windows are open and 

fans are on’U6 

-‘Terrible heat in the summer due to lack of ventilation 

and the way the rooms are designed’U3 

-‘We switch off the MVHR in winter as it makes the 

bedrooms feel more humid and cold. We always use it 

in summer to help us cool the air. It gets very hot in 

here.. We used to feel chesty when we first moved in 

then we discovered that one of the pipes to the MVHR 

was not properly connected and possibly bringing in 

some insulation fibre with the air from the loft, I fixed 

it and it was okay!’C1 

‘there is a mechanism to extend the window arm and 

make it open to full but we never use it, it’s a hassle 

and its safer to keep it this way, the kids are rough 

around here and they play outside with their balls’U5 

 

Although indicating discomfort in regards to 

overheating, interestingly, a total of 87 per cent of the 

respondents were content with the indoor temperature 

during colder periods of the year, strongly indicating 

highly sufficient thermal specifications of the 

building’s fabric. 

Figure 8: showing the limited capacity to open 

windows and hence, the limited influence of natural 

ventilation 

The satisfaction with winter internal conditions and 

the over-heating in summer correlated with a positive 

perception on the energy efficiency of the home 

(Pearson Correlation r=0.6). 

During the winter visits, it was noticed that sometimes 

the occupants left all the windows closed except the 

staircase window that was opened for extended hours 

to manage odours and overheating in the home. 

Occupants were asked about the way they engaged 

with the heating system. Predominantly there were 

two ways; those who left it on automatic settings of 

210C and those who set it on 240C but only operated it 

two hours in the morning and afternoon. It is 

interesting to note that when asked about how they 

were informed to deal with thermostats, the occupants 

showed us the information folder that was handed by 

the housing association but anonymously pointed us to 

a young lady ‘energy champion of the community’ 

who helped them understand the systems and how to 

set them. Interestingly the ‘energy champion’ was also 

referred to as a first point of contact for the occupants 

by the housing association. Occupants indicated that 

when they are feeling cold they would sometimes 

‘boost’ the boiler by pressing on the automatic display 

unit (Figure9) 

 
Figure9: shows types of engagement with the heating 

system in the home.  

Questionnaire results indicated that 71% of 

respondents observed the indoor temperature 

Proceedings of BS2015: 
14th Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 2015.

- 1998 -



 

 

monitors systems daily and used them as an indicator 

to stop the heating system   

Issues of privacy also had a major impact on how 

windows were operated. Overall, there was a sense of 

lack of privacy especially in the Code Level 4 

dwellings the living rooms were facing the main street 

or public areas in the scheme. In the Code Level 6 

development, this was the case with living spaces in 

the apartment block. It was observed that occupants 

left their blinds closed for privacy and propagation of 

noise indoors. 

MODELLING USERS’ BEHAVIOURS 

Hypothetical scenarios of non- heating and non-

internal gains (Scenario 1, Table3) were simulated to 

understand indoor conditions that would be 

maintained by the fabric’s insulation and air tightness 

alone. These indicated that heating would be needed.. 

Scenario 2 (Table3) indicated a hypothetical situation 

where external windows were always closed and there 

were no internal gains but heating is maintained at 

21oC. Interestingly, it is predicted that the home 

would be free floating (no heating nor cooling 

between 21oC-25oC) for 50% of the year. Overheating 

is only 2.1% of the time. 

Table3: non- heating and non- heat gain scenarios 

Curtailment behaviours based on the questionnaires 

and interviews were then simulated (Table 4). 

Table 4: perceived occupants’ engagement with 

building fabric to curtail energy use in the home 

Sunspace / Conservatory open  

Always Opened 

Open when at home: 17:00- 23:00 

Open from 8:00-18:00 

Ventilation at 10% of opening area:  

External Window open: Kitchen, living space, bedrooms : 

07:00-07:30 and 18:00-18:30 

External Windows always closed but Corridor window 

open 9:00-18:00  

Heating pattern:  

On continuously, Heating Set point: 21oC.  

Heating 4hr daily: 6:00-8:00 18:00-20:00 at 24oC 

Occupants are assumed a working family from 9-

5p.m. and all internal doors in the home are left open 

at all times. The occupants are two adults and two 

children occupying the three-bedroom property. 

Simulation scenarios informed by interviews and 

questionnaires include a matrix of possible behaviours 

1- The operation of the doors leading to the 

sunspace, were either always opened, opened 

when occupants were in the home, or opened in 

the morning and closed at night. 

2- Natural ventilation was introduced by opening 

windows in the living rooms for half an hour 

duration (morning and evening while cooking) or 

the window in the stairwell was left open even if 

property was unoccupied. 

3- The heating systems were simulated based on 

findings either left to operate automatically to 

adjust the home to 210C or for two hours in the 

morning and evening at 240C. 

Table 5, shows the results of Scenarios 3-14 

showing the impact of occupancy and internal 

gains on Yearly Energy Consumption (YEC) and 

on Yearly energy consumption/floor area 

(YEC/FA). Scenarios 3, 7 and 8,(Figure 10) 

indicate the least over heating hours, this could 

be attributed to the convective air exchanges with 

the conservatory. Note that the sunspace is triple 

glazed and its roof is the balcony for the 

bedrooms on the first floor. 

Simulations indicate that internal gains, 

occupancy and ventilation behaviours tipped the 

balance towards overheating 

Table5: Building Performance scenarios 

showing impacts of occupancy and internal gains 

on the risk of increasing over heating hours 

Setting the heating system to work 4 hours a day 

at 240C, was predicted to increase the 

overheating hours from 600-1000 hours 

annually. This may be attributed to the fabric’s 

Sunspace door  

open

Sunspace door  

open at home

Sunspace door  

open 8:00 -

18:00

Scenario 3 Scenario 7 Scenario 8

YEC 16.2MWh 16.1MWh 15.9MWh

YEC/FA 127.0kWh/m2 125.7kWh/m2 124.3kWh/m2

hrs (per) <21 oC 0 287 (3.3%) 230 (2.6%)

hrs (per) >25 oC 5201 (59.4%) 5161 (58.9%) 5272 (60.2%)

Scenario 4 Scenario 9 Scenario 10

YEC 14.6MWh 14.3MWh 14.2MWh

YEC/FA 114.1kWh/m2 111.7kWh/m2 111.5kWh/m2

hrs (per) <21 oC 0 163 (1.9%) 107 (1.2%)

hrs (per) >25 oC 5665 (64.7%) 5648 (64.5%) 5719 (65.3%)

Scenario 5 Scenario 11 Scenario 12

YEC 17.6MWh 17.5MWh 17.3MWh

YEC/FA 137.5kWh/m2 136.7kWh/m2 135.6kWh/m2

hrs (per) <21 oC 528 (6%) 532 (6.1%) 562 (6.4%)

hrs (per) >25 oC 5855 (66.8%) 5810 (66.3%) 5794 (66.1%)

Scenario 6 Scenario 13 Scenario 14

YEC 14.7 MWh 14.7MWh 14.5MWh

YEC/FA 115 kWh/m2 114.9kWh/m2 113.7kWh/m2

hrs (per) <21 oC 426 (4.9%) 472 (5.4%) 506 (5.8%)

hrs (per) >25 oC 6104 (69.7%) 5986 (68.3%) 6000 (68.5%)

External 

Window 

open 7:00-

7:30 18:00-

18:30 

External 

Window 

off. 

Corridor 

window 

open 9-18 

10%
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 2
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External 

Window 

off. 

Corridor 

window 

open 9-18 

10%

No internal gains Sunspace door close

No heating Scenario 1

hrs <21 oC 8273 (94.4%)

hrs >25 oC 33 (0.4%)

24hr heating at 21oC Scenario 2

hrs (per) <21 oC 4402 (50.3%)

hrs (per) >25 oC 184 (2.1%)

External 

Window close 

always

External 

Window close 

always
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air tightness, insulation levels and the 

compactness of the space that allows for 

retaining higher temperatures for longer. 

Figure 10: Comparative impact of ventilation 

behaviours 

Table 6 and Figure 11; indicate predictions of 

occupants’ ventilation behaviours and the risk of 

overheating during the summer months, from May-

September Table 6, while considering the social 

constraints explained during the interviews 

concerning their perceptions of security.  

  

Table 6: Possible natural ventilation behaviours 

Windows are maintained at 10% but opened for 

various durations during their occupancy hours. 

 

Figure 11: Comparative analysis of opening all 

windows at different occupancy periods  

 

Predictably, opening all windows for longer durations 

would decrease the over-heating hours. However, 

opening these windows during the evening summer 

hours would introduce a heating load as external 

temperatures may fall below 10oC.at times in the 

evening. While the least overheating hours are 

presented in Scenarios 15 and 18, as windows were 

opened in the evening, these were predicted to produce 

higher yearly energy consumption. The best scenario 

for reducing over heating hours was presented by 

opening all windows in the summer months, morning 

and evening, but still predicted indoor temperatures 

exceed 25oC for 30% of the time. 

 

Figure 12: Validation of simulation results 

A limited validation exercise was carried out. One of 

the Code 6 homes was monitored for a week in 

summer 2015. It is important to note that occupants 

operated the MVHR unit over summer to aid in 

cooling the home. 

Indoor temperatures and humidity were measured 

using a UL-USB-2 Data logger with 10 minutes 

intervals.  

The results were used to test the trend of differences 

between measured and predicted indoor temperatures. 

Although Figure 12, indicates higher peaks for indoor 

8.0
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Room temperature  (°C) Logger

Room Mean radiant temperature (°C)  IES

Newcastle Dry-bulb temperature (°C) IES

Newcastle Mean temperature (°C)

0 2000 4000 6000

Scenario 15

Scenario 16

Scenario 17

Scenario 18

hrs>25 oC hrs  <21 oC

Scenario 15

YEC 16.3 MWh

YEC/FA 127.4 kWh/m2

hrs (per) <21 oC 0

hrs (per) >25 oC 3773 (43.1%)

Scenario 16

YEC 14.9 MWh

YEC/FA 116.4 kWh/m2

hrs (per) <21 oC 0

hrs (per) >25 oC 5594 (63.9%)

Scenario 17

YEC 15.4 MWh

YEC/FA 120.6 kWh/m2

hrs (per) <21 oC 0

hrs (per) >25 oC 4636 (53.9%)

Scenario 18

YEC 17.4 MWh

YEC/FA 136.5 kWh/m2

hrs (per) <21 oC 0

hrs (per) >25 oC 2864 (32.7%)
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temperatures than the measured data, the differences 

between indoor and outdoor temperatures ranged 

between 7-10oC on daily basis. The differences may 

be attributed to the discrepancies between modelled 

and measured weather data. The MHRV system was 

not modelled which may have led to lowering 

temperatures indoors. Note that measured 

temperatures peaked to 26oC in the evenings when 

measured outdoor air temperature was between 14-17 

oC. 

 CIBSE TM52 recommends that in cases where 

occupancy monitoring and other climatic variables are 

limited then overheating should not exceed 3%. 

Assuming a discrepancy margin between measured 

and simulated data of 15% is applied then the 

predicted 2864 hours of heating in the best performing 

scenario of opening all windows morning and evening 

(Scenario 18) the number of hours would equate to 

2434 hours of overheating which exceeds the 262.8 

hours recommended by CIBSE TM 52.   

CONCLUSIONS 

Architectural design aspects to meet building 

regulatory requirements such as reduced window to 

wall ratio and the positioning of windows, coupled 

with social issues related to the location of the 

affordable housing schemes were observed to lead to 

decreased levels of daylight and possibility of 

introducing effective natural ventilation. 

The choice to live in a sustainable development seems 

to be based on the need for housing and proximity to 

family and affordability more than it is related to the 

actual sustainability credentials of the property. 

Although the latter is appreciated and seems to link to 

higher expectations of thermal comfort both in winter 

and in summer. 

Literature suggests that energy consumption in higher 

thermal specification housing is linked to occupants’ 

behaviours more than it is to the building fabric. Our 

research suggests that a tipping point in designing for 

sustainability has been reached in the design and 

construction of the Code 6 or Passivhaus standard that 

leads to overheating regardless of occupants’ possible 

interventions to improve indoor conditions. This 

suggests that the window design needs 

reconsideration so it could be opened with no danger 

of property intrusion or decreasing privacy. 

The use of curtains and shading systems are not 

modelled in this research but are intended as a future 

development of the work. 

To summarise, the study underlines the fact that 

building performance modelling for energy 

compliance should include realistic profiles of 

occupancy and internal gains. 
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