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Abstract: As summer temperatures in the UK are expected to increase by 6°C by 2080 (Met Office, 2018) the
frequency of overheating in domestic buildings will also rise. There is also a performance gap between design
performance and operational performance in the UK construction industry. A ‘Post Occupancy Evaluation’ (POE)
will identifying the strengths and weaknesses of the building’s environmental performance and assess
compliance with the PHI Low Energy Building Standard.

The POE in this report will identify the weaknesses of the building and critically evaluate the inter-relationship
between thermal comfort and other environmental building systems. From this research, two main findings
emerge; lack of external solar shading and underperforming natural ventilation.

This research contributes to the lack of knowledge surrounding post occupancy building performance for single
dwellings in the UK and resulted in a comprehensive list of practical design solutions that will improve the
occupant’s thermal comfort.
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1. Introduction

This research critically evaluates the occupant’s indoor thermal comfort, specifically focusing
on summer overheating. This includes investigating the inter-relationship of thermal comfort
with relative humidity, natural ventilation, daylight and energy use. Prior to construction, the
aim was to achieve PHI Low Energy Building Standard (heating demand of 30Kwh/m?a,
airtightness of 1.0 ach and Primary Energy Demand (PED) of 75Kwh/m?a.). However, this was
not achieved correlating to the nationwide performance gap between design estimates and
actual operational performance.

1.1 Aim

To evaluate the environmental performance of the building by conducting a POE that will
identify aspects of the building that do not perform as intended, which will enable a summary
of solutions to be produced for the occupant to improve their indoor thermal comfort.

1.2 Key Objectives

1. To ascertain the strengths and weaknesses of the building by conducting a POE.
2. To determine why the building does not perform as intended.
3. Provide solutions for the occupant to improve their indoor thermal comfort.

2. Literature Review

In the UK, recent reports indicate there is a performance gap between design and operation;
where operational heating demand (Gorse et al, 2013), energy consumption (UCL Energy
Institute, 2013) and carbon emissions (Innovate UK, 2016) of newly constructed buildings
were higher than design estimates. To determine how this is occurring, a ‘Post Occupancy
Evaluation’ (POE) can be conducted, which is a systematic evaluation of a building used to



obtain feedback on building use, design and performance (Preiser, 2001). It also assesses the
capability of the building to meet the demands of the occupants (Turpin-Brooks and Viccars,
2006).

To achieve occupant satisfaction, it is imperative to control their thermal comfort;
“that condition of mind, which expresses satisfaction with the thermal environment” (ASHRAE,
2010). This indicates the occupant’s opinion is an important factor to consider. Other factors
of thermal comfort are displayed in Table 1.

Table 1. Thermal comfort factors, adapted from Auliciems and Szokolay (1997)

Environmental Personal Contributing

Air Temperature Metabolic Rate Food and Drink

Air Movement Clothing Acclimatization

Humidity Body Shape and Fat
Age and Gender

The primary factor that influences thermal comfort is direct solar gain as illustrated in
figure 1, which can be problematic when heat gains exceed heat loss. This occurs when high
internal heat gains get trapped inside the thermal envelope (Pelsmakers, 2015) causing the
building to overheat. Adaptively blocking
solar radiation using external shading O
can prevent overheating (Alders, 2017).
However, this increases the use of both
artificial lighting and heating demand
(Littlefair et al, 2006). In addition,
appropriate natural ventilation, such as
night time cooling also prevents
overheating (Pelsmakers, 2015).
Another benefit of natural ventilation is
that it allows air changes to occur, thus
improving air quality (Burroughs and
Hansen, 2011).

Also, ‘Relative Humidity’ (RH) should range between 40-65% (Pelsmakers, 2015),
otherwise the chance of mould growth or the irritation of skin will increase. Whilst daylight
performance, which is measured using Daylight Factor (DF), must be a minimum of 2% for
80% of the floorplan in residential buildings (BRE, 2018).

Figure 1. Sources of building heat gain (Dengel et al, 2016).

3. Methodology

This research focuses on two methods identified by Preiser (2001); the indicative approach
identifies the strengths and weaknesses of the building, whilst the investigative approach
identifies the cause and effect of building performance issues. This research will obtain
information using an informal interview, site visit, post-construction monitoring and software
simulations to critically evaluate building performance.

The informal interview enabled the occupant to discuss complex issues and ideas
(Gillham, 2005), whilst the site visit gave the researcher the opportunity to form their own
opinions and pick up on important features that the occupant may have taken for granted
(Sapsford and Jupp, 2006). Post-construction monitoring was obtained via pre-installed
temperature/RH sensors for six days, whereas lighting was recorded using an environment
meter on a sole visit. The software simulations were created using IESVE to display DF/Lux
and ‘PassivHaus Planning Package’ (PHPP) to outline building energy performance.



4. Case Study

The building is located 6 miles south of Sheffield city centre and was recently constructed in
March 2018, winning a number of building/design awards. It consists of two floors, as shown
in figure 2 and four facades, as shown in figure 3.

North East Elevation North West Elevation

Upper Ground Floorplan
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Figure 2. Building Floorplans. Figure 3. Building Elevations, openable windows in green.

The average air temperature for the site is 9°C, however by 2040 and 2080 this is expected to
rise by 2°C and 4°C, respectively (DEFRA, 2009). In addition, it is predicted that by 2080
summer air temperatures will rise by 6°C (Met Office, 2018), underlining the necessity to
prevent future overheating.

During the six day monitoring period (06:00 23" July to 16:00 29" July) there was
heatwave where temperatures exceeded 25°C for four days and peaked at 35.1°C.
Throughout this period, the occupants had installed a temporary shading device to reduce
direct solar gain on the South West fagcade. However, this did not sufficiently reduce
temperatures in the living room to satisfy the occupant’s thermal comfort.

5. Results and Discussion

The primary concern raised by the occupant in the informal interview was the overheating
occurring in the living room, thought to be caused by the large window-to-wall ratio of the
South West fagade. Furthermore, software simulations indicated the building’s space heating
demand and primary energy demand upon completion exceeded design estimates by 50%
and 15%, respectively. However, when the actual building energy consumption obtained from
the utility bills was compared with other forms of building energy prediction, see table 3,
there is a large variance between the four methods. These variations demonstrate why there

is a performance gap and justifies the necessity to conduct post construction monitoring.
Table 3. Building Energy Consumption Comparison.

Benchmark EPC PHPP Utility bills
(kwh/a) (kwh/a) (kWh/a) (kwh/a)
Electricity 4,352 12,852 14,336 2,079
Gas 17,664 6,802 4,992 14,357
Total 22,016 19,654 19,328 16,436




The RH monitoring, shown in table 4, indicates the living room had acceptable RH
levels, whilst the bedroom slightly underperformed, suggesting ventilation in the bedroom

was not optimal.

Table 4. Relative Humidity Statistics

Outdoor Living Room Bedroom
Average RH 73.4% 59.9% 65%
Minimum RH 18% 54% 60%
Maximum RH 95% 69% 74%
Range 77 15 14
Time within 40-65% na 97% 68%
Time above 70% na 0% 13%

During the heatwave, the bedroom was able to maintain lower temperatures than the
living room, however both were greater than the average outdoor temperature, see table 5.
In addition, living room temperatures exceeded outdoor temperatures for 74% of the time,
which occurred after the daily peak in temperature, throughout the night and until midday,
see figure 4. This proves the building is retaining excessive heat within the thermal envelope,
which is likely due to the MVHR system that is recovering heat when windows are shut or

insufficient natural ventilation when windows are open.
Table 5. Temperature Statistics.

Outdoor Living Room Bedroom
Average Temp (oC) 73.4% 59.9% 65%
Minimum Temp (oC) 18% 54% 60%
Maximum Temp (oC) 95% 69% 74%
Range 77 15 14
Time above comfort zone na 97% 68%
Time above outdoor temperature na 0% 13%

Outdoor and Indoor Room Temperatures (°C) during heatwave
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Figure 4. Revised temperature graph for all three sensors, with comfort zones



The building’s
primary method of natural
ventilation is through stack

ventilation, see figure 5,
which mixes old air with
fresh air reducing the
likelihood of mould.

However, because there is a
lack of openable windows on
the lower ground floor and

bathroom

utility roor

|| Loyuﬂﬁ';und (openable) windows
*“Roof (openable) skylights

m

.#? ——» Freshairintake
e —» Exhaust air output

|

only one skylight above the

Figure 5. Stack ventilation during prevailing wind - South East elevation

living room, the potential for this method to reduce temperatures in the living room is
minimised. Cross ventilation is only suitable for cooling if all windows and doors are opened.

IESVE software was used to simulate daylight performance, which indicated the living
room performs exceptionally where 100% of the floorplan had DF over 2.0, see figure 6.
However, only 11.7% of the floorplan was within the acceptable average lux range for a living
Room 150-500 lux, as defined by Adams (2018). In addition, there is too much daylight by the
South West facade door/window as well as immediately adjacent to the kitchen window.
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Figure 6. Living room current daylight performance

Figure 7. Living room external shutters performance

To determine the best method of reducing direct solar gain from reaching the South
West fagade, external shading options were iteratively tested in IESVE. The results, see table
6, demonstrate the best option to install is the external Venetian shutters, which can be
adjusted anywhere within the range of 10% shade to 100% shad. This scenario is likely to

satisfy the occupant’s perception of thermal comfort as it gives them greater control.
Table 6. Summary of IESVE results with different shade options

Shading Option DF< | Mean Lux | UDI100-3000 | UDI >3000 | Mean | Mean
2.00 150-500 Lux >75% Lux >25% DF Lux

Current Performance | 100% 11.7% 92.8% 4.4% 10.02 | 748.4
Overhang Extension 100% 23.9% 97.2% 0.5% 9.07 | 677.6
100% triangle window | 100% 29.4% 95% 1.1% 9.23 | 689.1
External | 100% shade | 100% 45.6% 98% 0% 7.88 | 588.2
Venetian | 50% shade | 100% 41.1% 97.8% 0% 8.35 | 623.5
shutters | 10% shade | 100% 28.3% 97.2% 0.6% 8.75 | 653.5




6. Conclusion

The primary weakness of the building is the overheating in the living room caused by the large
window-to-wall ratio of the South West facade, which is exacerbated by the overhang that
does not provide effective shading. Furthermore, because the building is insulated to a high
standard, there is minimal heat loss through the building fabric. This could have been
mitigated by suitable stack ventilation, however due to the lack of openable windows on the
lower ground floor, sufficient airflow to meet cooling demand was prohibited.

To increase the effectiveness of natural ventilation as a cooling method, more of the
windows in the house should be made to open. In addition, night-time cooling should be
implemented to reduce the effect of overheating by enabling the large thermal mass of the
building to cool (Pelsmakers, 2015). This could be achieved by modifying all windows to an
automated system that opens and closes them at precisely the right moment. This ensures a
more reliable system and reduces the likelihood of human error, but would likely incur a high
installation cost.

In addition, it is highly recommended that external shading in the form of bespoke
venetian shutters are installed to cover the fixed door and triangle window of the South West
facade, to reduce the amount of solar radiation by up to 2.8 times. This would most likely
decrease temperatures in the living room by a substantial amount and increase the
occupant’s thermal comfort in the living room. Finally, implementing all of the suggested
solutions will have the greatest impact on reducing the likelihood of overheating and improve
occupant satisfaction.
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