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Abstract

Improving energy efficiency through retrofit of the existing housing stock might cause overheating or thermal
discomfort (DCLG 2012; CIBSE 2016). This paper investigates the energy performance and overheating risks of a
retrofitted case study house in Sheffield and 5 proposed UK regions in the current and predicted future climate.
The findings are in line with other research for new-build dwellings and suggest that a retrofitting to low energy
house is likely to still be beneficial in a future changing climate. Furthermore, the most effective overheating
mitigation strategies included the reduction of glazing g-values to appropriate values taking into account
different localities, temporary internal shading, permanent external shading and night cooling. With a
combination of adaptation measures, overheating is predicted to be minimal or non-existent in a future
changing climate. Thus, active cooling would not be necessary for dwellings to achieve summer thermal comfort
with appropriate passive measures.
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1. Introduction

The housing sector is contributing to a significant proportion (27%) of the UK’s CO2 emissions
(HM Government, 2006). Retrofitting the existing stock is one of the keys to a low-carbon
emission residential sector (Lucon et al. 2014). Thus, attention is directed to reduce the
energy consumption in homes by the implementation of fabric energy efficiency
improvements. However, the higher standard of insulation may lead to overheating risks in
low energy retrofits (DCLG 2012). One-fifth of homes in England could already experience
overheating in summer and this amount is likely to increase in a warming climate (DECC,
2014). At the building level, there are lists of overheating measures identified under the
Energy Act 2011 to enhance summer thermal comfort (DECC 2015). There is also a growing
number of research related to these issues which could assist in policy making and this
research is aiming towards the same intention. The objectives of this research are to evaluate
the energy performance of a retrofit project, in the current climate and in the future climate
and to establish effective and practical adaptation strategies for reducing the potential of
overheating in the dwelling.

2. Methodology

2.1 Case Study of Retrofit Project in Sheffield

Key elements that were considered in the retrofit included improving energy performance by
introducing mechanical ventilation and heat recovery unit (MVHR), improve air-tightness and
fabric insulation. The generalization of space heating demand and overheating trend in the
predicted future climate could be applied to a wider extend.
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2.2 Passive House Planning Package (PHPP)

PHPP provides annual space heating demand [kWh/(mZ2a)] and overheating frequency (%)
results. 5 regions have been selected and the most suitable climate datasets available in PHPP
were used for energy performance and testing for mitigation strategies (see table 1). PHPP
default maximum temperature rise above the established comfort limit expressed as the total
time of the year; 25°C was used as overheating metric. Moreover, the frequency of
overheating must not exceed 5% to ensure high summer comfort and if this value exceeds
10%, additional summer heat protection will be necessary (PHPP, 2013).

Table 1: Proposed regions and the selected PHPP available regional climate datasets

REGION Selected Regions PHPP Available Climate Dataset
REGION A Glasgow, Scotland Glasgow, Scotland
REGION B Belfast, Northern Ireland Belfast, Northern Ireland
REGION C Sheffield East Pennines (Waddington).
(The case study house) -Altitude to actual building location (224m)
REGION D London (central) London (central)
REGION E Exeter Exeter

Future weather data from Prometheus! was used in the case study energy performance
modelling in 2050 and 2080 as we are on the trajectory of medium or even high emission
scenario (Defra 2009). Test Reference Year and 50" percentiles were selected as it is more
suitable for energy analysis (Eames et al. 2010) and to represent central situation (McLeod,
Hopfe, & Kwan, 2013).

Overheating mitigation strategies as tabulated in table 2 were tested in case study retrofitted
to Passivhaus standards to investigate the worst scenario of overheating risks.

Table 2: Overheating Mitigation Strategies, the base case scenarios and adjustments in each strategies

Overheating Base case (Passivhaus Adjustments

mitigation strategies | standard)

Reduction in wall External Walls - U-value 0.126 | External Walls - U-value 0.199

insulation and 0.145, 200mm and and 0.204, 150mm and 155mm
260mm insulation insulation

Addition in roof Roof - U-value 0.071 and Roof - U-value 0.049 and 0.059,

insulation 0.094, 250mm insulation 400mm insulation

Reduction in roof Roof - U-value 0.141 and 0.153,

insulation 100mm and 150mm

Night Ventilation Night Ventilation: ACH 0.5 Night Ventilation: ACH 0.8, 1.0,

1.5 were tested separately
Permanent Shading | No internal and external 1.0 m — external, horizontal
Temporary Shading shading Internal Roller blind/white

1 Prometheus is a multi-disciplinary EPSRC funded project, aimed to create a methodology for the creation of
probabilistic future reference year weather data using UKCP09



Reduction in glazing | 45.08% glazing area on south

area facade walls

7% reduction on South facing
facade to 38.08%

Reduction of glazing | Glazing g-value - 0.62

G-value

3. Findings & Discussions

3.1 Case study energy performance - current climate
Post-refurbishment, the case study was predicted to achieve 79% reduction in space heating
demand with 2% overheating. The improvements to achieve EnerPHit and Passivhaus
standard (see Table 3) had indicated that the space heating demand was reduced in better
insulated and improved air-tightness homes but the overheating frequency increased.

Table 3: Summary of case study energy performance in current climate

G-value 0.3 to middle region,
0.40 to Northern region & 0.20 to
southern region

Pre- Post- Retrofit to Retrofit to
refurbishment | refurbishment | EnerPHit Passivhaus
Space Heating Demand 143 30 17 8
[kWh/(m2/annum)]
Frequency of Overheating 0 2 4 5
when temperature rise
above 25°C (%)
% of reduction - 79% 88% 94%

3.2 Overheating risks in other UK locations (figure 1)
Overheating does not exist in Glasgow in current climate. However, overheating was noted
to be the highest in London with 11% in Passivhaus standard and requires overheating

modifications strategy.
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Figure 1: Space Heating Demand (kWh/m2/year) and Overheating frequency (%) of the base case modelled

in other UK locations-current climate



Retrofit to EnePHit and Passivhaus standards had gone above 10% overheating limit in all UK
regions in future climate and require overheating modifications as also supported by Gupta
& Gregg (2012) and Tillson et al. (2013). Overheating frequency increased in the warmer
climate towards the south (UK Met Office, 2016) and in a higher fabric performance standard;
Passivhaus standard.
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Figure 2: Space heating demand (kWh/m2/year) and overheating frequency (%) in 5 selected UK regions —
2050 & 2080 high emission scenarios

3.4 Overheating mitigation strategies

Reduction in exterior wall thickness and roof insulation to be within Part L1B had suggested
that overheating was reduced up to 13% in Sheffield but space heating demand had increased
in all regions. Overheating risks in all regions during predicted future climate was still
exceeding 10% limit. A reverse trend noted in the addition of roof insulation tests. Reduction
in wall and roof insulation have suggested that the building skin could be loosened to mitigate
overheating in the future predicted warmer climate. However, this has resulted in higher
space heating demand and increased CO2 emission. Thus this suggests that low energy
buildings’ skin are very much appropriate for the changing climate even in the 2080 ‘worst



case’ scenario due to the future predicted cold weather events (Pelsmakers, 2015).

Manually open the windows to allow for natural ventilation and dissipate unwanted heat
(Szokolay, 2004) during summer is the cheapest and can be the easiest overheating mitigation
strategy if the windows are properly designed for this purpose (Tillson et al. 2013). Night
ventilation of up to 1.5 ach could bring down overheating to be below 10% only to northern
and middle regions in future climate; with up to 53% reduction in Sheffield and space heating
demand remained. Although there are limitations in window ventilation due to behavioral
response, privacy, security, and noise (DCLG 2012), more studies could be made to develop
suitable window and ventilation, especially for cities in response to mitigating overheating
risk while providing security and noise-attenuation for city residents.

External shading as mitigation strategy had reduced overheating; 73% overheating reduction
in Sheffield to below 10% in all regions except in London and Exeter under 2080 Hi ES but
space heating demand were increased in all regions. The results of internal, light colored
shading have indicated that overheating will significantly reduce in all regions up to 73% in
Sheffield with most of the space heating demands remained. Temporary shading appears to
be more beneficial as it has reduced more overheating compared to permanent external
shading strategy and it could be adjusted to maximize useful solar gain in winter
(Chaiwiwatworakul et al. 2009).

Reducing glazing area to 38% had indicated that the overheating reduced up to 30% in
Sheffield (2050 Hi ES) with overheating values are still exceeding 10% overheating limit,
except in Glasgow, 2050 Hi ES but space heating demand increased in all regions. This had
indicated that moderate area of south facing glazing (38%) alone is unlikely to provide
sufficient means of eliminating the risk of overheating and similar finding highlights by
McLeod et al. (2013). Furthermore, reducing glazing g-values had brought down overheating
to be below 10% and may eliminate overheating in the predicted future climate as also
supported by AECOM (2015) and Vogiatzi (2014).

Overheating combination strategies which are user defined and adjustable has suggested that
overheating will be entirely eliminated in Glasgow, Belfast and Sheffield during 2050 Hi ES
and other areas were all within recommended overheating for comfort (<5%), except in
London (7% in 2080 Hi ES). Meanwhile, space heating demand remained.

4. Conclusion

Retrofit to higher fabric standard indicates a reduced space heating demand up to 94% in
Sheffield case study Passivhaus standard with higher overheating frequency over time in all
UK regions. Low energy houses are beneficial in the current and predicted future climate as
the robust building skin is very much appropriate for the UK’s climate, with proper design
considerations; including overheating protections. Mitigation measures are needed in the
future climate of all UK regions. The most effective overheating mitigation strategy suggested
here is reducing glazing g-values to appropriate values taking into account different localities,
followed by temporary shading, permanent external shading, night ventilation and reduction
in glazing areas. Furthermore, single measures alone could not lower down overheating to be
below 10% in southern regions and suggest the need for combination strategies.

Combination mitigation strategies indicate a significant reduction of overheating in all



regions, although it is not totally eradicated. With all the overheating frequency within 5.0%,
the dwelling overheating is considered acceptable, without active cooling in dwellings even
in 2080 high emission scenario. Passive overheating mitigation measures are selected in this
research not only aimed at mitigating overheating but also put forward as CO2 emission
mitigation strategies. It should be noted that this study is based on modeling and assumes
certain user interactions, which may not occur in reality and further research is required.
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