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Abstract

The Passivhaus standard has been applied in the UK to achieve the government’s ‘zero carbon’ home policy.
However, an increasing number of recent studies report that occupants of some low-energy houses, including
Passivhaus dwellings, have been suffering from high indoor temperatures. In this paper, a Passivhaus dwelling
designed for an urban site in Sheffield was modelled using dynamic environmental simulation tools including
ENVI-met, PHPP and DesignBuilder to assess its indoor thermal performance. The ‘hot spots’ of the house
presenting high possibilities of overheating were identified under both current and future climate context
(2030s, 2050s and 2080s). The simulation results suggest that the risk of summer overheating is present under
the 2016 local weather data, and if site-specific climate change projections are taken into account, the
probability of overheating is very likely to increase in the future. Better understanding of how low-impact
mitigation approaches could deliver sustainable solutions is urgently needed.
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1. Introduction

The Passivhaus standard promoting ultra-high building energy performance has been
introduced and applied in the UK in recent years to achieve the government’s ‘zero carbon’
home policy. Although Passivhaus dwellings have obtained excellent thermal performance
with low energy consumption in winter period, there is a growing concern about the
overheating problem in Passivhaus houses in current and future summer period due to
climate change.

Since overheating can have profound impacts on people’s health and well-being as well as
increased energy consumption for cooling, it is important to address the challenge of
summer overheating in low-energy housing built to the Passivhaus standard in the UK and
elsewhere. More importantly, the rising global air temperature brought about by climate
change is very likely to exacerbate the negative impacts.

This paper reports our study of two questions concerning the overheating issue of
Passivhaus homes in the UK:

1. Is there any overheating risk in Passivhaus dwellings in the UK’s current and future
climate context?

2. What could be the possible causes of overheating in Passivhaus dwellings and what
approaches may be considered appropriate to mitigate the situation?
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To better understand the overheating issue in Passivhaus dwelling and to explore possible
low-impact solutions, we collaborated with a practicing architect and educator who has
designed a private house adopting the Passivhaus standard. We carried out multi-scale
environmental modelling and simulation of the house design under two climatic scenarios:
(a) current local weather data, and (b) future local weather data derived from the UK
Climate Change Projections (UKCP09). The simulation results suggest that the answer to the
first question is affirmative. In response, we discuss strategies of controlling the level of
solar radiation entering the house through reducing g-value of glazing and adding external
shading devices.

2. Methodology

2.1 Case study

The Passivhaus project in our case study is located in the Brincliffe Edge area, Sheffield,
South Yorkshire. The private house was designed as single two-storey detached dwelling to
have three bedrooms and a linked open-plan living/dining/kitchen area with a total area of
72.87m?2. This house was equipped with a high-efficiency Mechanical Ventilation with Heat
Recovery (MVHR) system and also underfloor heating in the living room, kitchen and
bathrooms. There are radiators in bedrooms to create a comfortable indoor environment.

To evaluate the thermal performance of the case study dwelling, a digital model was built
with the building fabric and thermal conductivities as required by the simulation tools. The
u-values of ground floor, external walls and roofs are specified as: 0.12W/m?K, 0.15W/m?K
and 0.11W/m?K. The u-value and g-value of glazing are specified as: 0.68W/m?K and 0.53.

2.2 Weather data

The future weather data used in this case study is the PROMETHEUS weather files based on
the UKCPO09 projections that predict future climate under different emission scenarios of the
2030s, 2050s and 2080s. Also, this research chose the CIBSE DSY (Design Summer Year)
weather files in the future weather data simulation with 66% probability levels since the DSY
is mostly used to test summertime overheating in near extreme climate condition (Gething,
2010). Moreover, the current weather data used in this research is the PROMETHEUS
current weather files set on the baseline data from 1961 to 1990.

2.3 PHPP simulation

The original PHPP (Passive House Planning Package) file was provided by the architect with
detailed building components specifications but with the default current weather data of
Manchester. To better reflect the site location, we replaced the Manchester weather data
with new weather data generated from the PROMETHEUS weather files, including current
weather data and future climate projections of 2030s, 2050s and 2080s for both medium
and high emission scenarios.

The overheating simulation tool in PHPP is only suitable for residential buildings or houses
that similar to ‘standard dwelling’ model. To conduct the simulation with the new local
weather data, several parameters were required: mean ambient temperature (°C), global



horizontal radiation (kWh/m2), radiation on a vertical plane for each of the sky’s directions
(kWh/m2), dew point temperatures (°C), sky temperatures (°C) and ground temperatures
(°C) (Wolfgang, 2007), which can be accessed from the PHPP2007-Future Climate Data.

2.4 ENVI-met and DesignBuilder simulations

ENVI-met is an urban microclimate simulator. We used ENVI-met to simulate the
microclimatic conditions of the case study site of an area of 320m X 320m (2 X 160 grids)
and 90 meters in height. The ENVI-met input area was modelled with surfaces and
topography of the case study site. The ENVI-met configuration was set on the hottest days
which are representative for overheating analysis. The ENVI-met outputs were then used to
generate our site-specific weather files which were then used as the weather files in the
DesignBuilder simulation. From the PROMETHEUS weather files, the hottest day with
highest mean daily temperature was set on the 15th of August for the current year (2016),
the 7th of August for 2030 Medium Emission Scenario(MeES ) and the 2nd of August for
2050 Medium Emission Scenario (MeES).

DesignBuilder (DB) can produce detailed indoor climatic data by simulating a geometric
model based on the weather data generated by ENVI-met. There are four steps to set up a
model for DB simulation: produce blocks as buildings levels; define zones by setting interior
partitions; set windows, doors and other openings; set details and other parameters. The
essential parameters are categorised into five sections: Activity, Construction, Opening,
Lighting and HVAC (Table 1). According to CIBSE TM52 (2013), overheating is defined as the
operative temperature (OT) exceeding 28°C for more than 1% of the annual occupied hours
in the living area and exceeding 26°C for more than 1% of the annual occupied hours in
bedrooms of a dwelling. Therefore, our DB simulation focuses on analysing the thermal
performance of the living room and bedrooms on the hottest day of current and future
climate context. Our assumption is that the combined ENVI-met and DB simulations should
show overheating risks in these specific areas as a basis to explore effective mitigation
strategies.

Table 1. DesignBuilder input parameters.

Project Main living area Bedroom 1 (west) Bedroom 2 (east)
Activity Template: Dwelling Lounge Bedroom Bedroom
I Density (people/m®): 0.04
Computer: on; Office equipment: off
Catering: on On Off Off
Construction | According to modelling data (Chapter 3.1.1)
Opening [ According to modelling data (Chapter 3.1.1)
Lighting [ General lighting General lighting: General lighting: General lighting:
dwelling lounge dwelling bedroom dwelling bedroom
HVAC Mechanical ventilation : on On (lounge) On (bedroom) On (bedroom)
Natural ventilation: on On (lounge) On (bedroom) On (bedroom)
(dwelling)

2.5 Overheating mitigation approaches

Two approaches to reducing overheating were tested in this study, reducing g-value and
adding shading devices. In PHPP, the g-value was reduced to 0.35 and 0.25 from the original
0.53 to compare the overheating frequency and space heat demand with the original results
under different emission scenarios of various time periods. In DesignBuilder, two types of



shading devices applied to the living room and bedrooms to identify the optimal method of
decreasing indoor temperature, Shadingl stands for blind with high reflectivity slats
(horizontal), and Shading2 represents a combination of overhang and 0.5m sidefins.

3. Results and discussion

3.1 PHPP results

As shown in Figure 1, the PHPP calculation shows that the overheating frequency for current
climate context is 32% (32% of days annually), and it keeps increasing in the future climate
scenarios, which reaches 57% in 2080 HiES (High Emission Scenario). The internal ambient
temperature above 25°C for more than 10% of days annually is regarded as overheating in
buildings in PHPP, which indicates that the project has very high overheating risks in both
present and future years. Although the annual space heating demands decrease by over 70%
by 2080 (HiES), the overheating issue is significant. However, the PHPP results should be
further verified due to the fact that the weather data used in PHPP does not reflect the local
microclimatic influences surrounding the project site.
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Figure 1. Overheating frequency (%) and Annual space heating demand (KWh/m?a) of current design.

3.2 DesignBuilder (DB) results

The DB simulation results of indoor and outdoor air temperature and the heat gain of living
area and two bedrooms of current climate are shown in Figure 2. It shows that the indoor
temperatures are higher than the outdoor temperatures for the whole time and are above
25°C for about 15 hours of the day, which suggests that the high temperature state occurs
in the house for a long time and could have potential impacts on occupants’ thermal
comfort. Also, the heat gain chart shows that the solar radiation should be responsible for
the excess heat gain which shows the importance and necessity of applying shading devices.

The simulation results of indoor temperature and heat gain of the three rooms in 2030s
(MeES) and 2050s (MeES) projections also illustrate that the thermal performance in the
future summers will be more challenging, and the solar radiation contributes mostly to the
excessive heat and therefore shading devices are required to reduce heat gain from sunlight.



Figure 2. Indoor Temperature and heat gain (current).

3.3 Overheating mitigation approaches

Figure 3 shows the comparison of overheating frequencies (OF) with various g-values in
different climate contexts. The OF reduced to 12% and 3% from 30% when the g-value
reduced to 0.35 and 0.25 in the current climate context, and the house can be regarded to
have no overheating risks. However, it seems to be less effective in the future climate
scenarios that the OF have very little improvement with an increasing of space heating
demand (SHD). Therefore, reducing g-value can be a valid approach for current climate but
not long term scenarios.

2030 HIES 2050 HIES

Figure 3. OF and SHD with different g-values.

Two types of shading devices were tested (Figure 4). It is clear that both shading options can
lower the temperature, and Shadingl has better shading coefficiency and provides a better
indoor thermal environment in current climate. Also, the solar gain charts show that
Shadingl has reduced about 80% solar heat gain and Shading2 reduced less than 30%,
which indicates that the blinds have better performance than hangover and sidefins on
preventing the sunlight from entering the house. The performance of these two shading
devices in the future climate context was also been studied, and Shadingl still has better
performance than Shading2 in 2030s (MeES) and 2050s (MeES) climate contexts.

Briefly, both reducing g-value and two types of shading devices can reduce solar heat gain
and lower the indoor temperatures, but reducing g-value cannot perform with high
efficiency in long term, and blinds with high reflectivity slats have better performance than
the mixture of hangover and sidefins in both current and future climate context. The above
discussion suggests that the combination of adding blinds and reducing g-value could
achieve a higher performance on keeping a comfortable internal thermal environment with
the lowest capital cost and higher flexibility.



Figure 4. Indoor Air Temperature and heat gain with different shading devices (current).

4. Conclusion

Our simulation results suggest that the case study dwelling design was modelled to have
overheating risks in current and future climate context in the summertime. The PHPP results
show that the case study dwelling had a very high overheating frequency now and the
future and the DesignBuilder results also supported the PHPP calculation that the indoor
thermal performance can be reconsidered for the summertime. The main possible cause for
overheating is the excessive heat gained from solar radiation that enters the building freely.
Thus, reducing g-value of glazing and adding shading devices were considered as possible
mitigating strategies, and the simulation results show that both approaches could help
reducing overheating in varying degrees. Firstly, reducing g-value has an excellent
performance on reducing overheating in current time, but the efficiency will decrease in the
future. Secondly, compared with hangover and sidefins, external blinds with high reflectivity
slats have lower shading coefficient and better performance on preventing solar radiation
from entering the house and heating up the rooms.

In brief, the study suggest that low-energy dwellings adopting the Passivhaus standard could
lead to summer overheating currently, and the issue is very likely to continue in the future
climate due to climate change, and the combination of reducing g-value of glazing and
adding external blinds is suggested as possible passive solutions in the current and future
climate context. However, there may be other effective strategies such as adaptive natural
ventilation, or uses of vegetation and landscaping surfaces altering microclimatic conditions
to be considered in further studies.
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