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Abstract
Thermal mass has the benefit of regulating energy in buildings and generates potential savings in energy and CO2 emissions. The result of the effect of climate change will be more intense and longer periods of summer heat waves. Use of the building thermal mass can reduce overheating in summer and minimize the need for cooling energy, reducing energy consumption and CO2 emissions. In many buildings, the thermal mass is hidden behind a suspended ceiling, avoiding the loading and unloading of the thermal mass.
The aim of this study was to investigate the impact of future climate scenarios in overheating and to evaluate the benefits of using thermal mass to reduce the overheating in those conditions.
This study was based on dynamic thermal modeling to analyse the overheating performance of a test room with suspended ceiling and with the thermal mass exposed. The testing room was simulated for two emissions scenarios, high and medium, using weather files from the Prometheus project produced on the outputs of UKCP09 data for London Islington in the United Kingdom.
The simulation results show that making use of the room thermal mass can reduce the number of occupied hours above 28ºC reduced by at least 35% for the baseline (1970s). Small reductions of overheating are shown for high and medium emission scenarios for 2080s projections. This study shows that the use thermal mass and night ventilation can provide a reduction in overheating in the short term. In the long term, 2080s, the use of the thermal mass has a minimal effect on the high number of overheating hours and a different strategy must be in place if overheating wants to be avoided due to higher outdoor temperatures.
Introduction
Thermal mass has the benefit of regulating energy in buildings and generates potential savings in energy and CO2 emissions. The benefits of coupling thermal mass and ventilation in housing to avoid overheating have been already presented in the literature [1, 2]. According to the Zero Carbon Hub [3], thermal mass and purge ventilation have a beneficial effect on reducing overheating. This study focus on non-domestic buildings, where normally the thermal mass is hidden behind a compressed mineral wool suspended ceiling. This suspended ceiling produces a blocking effect for the use of the thermal mass to regulate the indoor conditions, avoiding the loading and unloading process of the thermal mass to be used as a regulatory mechanism for comfort indoor temperature. Exposure and use of the building thermal mass can reduce overheating in summer and minimize the need for cooling energy, reducing energy consumption and CO2 emissions [4].
As a result of the effect of climate change, temperatures in summer will be higher and longer periods of summer heat waves will be expected [5]. Previous work has presented the issue of overheating in future weather conditions for non-domestic buildings [6]. Exposure of the building thermal mass combined with a night ventilation strategy can reduce overheating in current weather conditions [4], whether the same effect and reduction in overheating can be achieved in future climate change scenarios is currently unknown.
The aim of this study was to investigate the impact of future climate scenarios in overheating and to evaluate the benefits of using thermal mass to reduce the overheating in those conditions.
Method
A test room, as shown in Figure 1, was modeled with dimensions 7.5m x 7.5m x 3.5m. The test room was dynamically simulated using energyplus in DesignBuilder software. U-values for internal floors hidden (with suspended ceiling) and exposing (without suspended ceiling) the thermal are presented in Figure 2. The test room was naturally ventilated and a night cooling ventilation strategy was used to cool down the thermal mass. No cooling was used in the simulations to be able to isolate and quantify the benefits provided by the thermal mass to reduce overheating on its own. The simulated test room results were audit to confirm corroboration of results with building physics principles. 
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Figure 1 Exemplar room for simulation
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Figure 2 U-values for internal flooring with (left) and without (right) suspended ceiling
The dynamic computational simulation in DesignBuilder had the following parameters:

· Simulated location in London (Islington).
· Medium weight construction according to Part L2 2010 (UK).

· All surfaces adiabatic apart from south wall being external with a U-value of 0.26 W/m2K.

· 50% glazing in south wall with a U-value of 1.978 W/m2K and g-value of 0.687.

· Office equipment load of 10 W/m2.

· Lighting load of 0 W/m2.

· People density of 0.111 people/m2, following an occupancy schedule from 9:00 to 17:00

· Constant infiltration of 0.5 air changes per hour (acph).

· Natural ventilation rate of 1.5 acph, following a schedule from 8:00 to 19:00

· Night ventilation rate of 6 acph, following a schedule from 24:00 to 6:00

· Simulations run for a full year.

The test room was dynamically simulated using the weather files produced as part of the Prometheus project, which are based on UK Climate Projections 2009 (UKCP09) data to provide weather projections in future climate [7]. This study used Design Summer Year (DSY) weather files with a probabilistic prediction for the 50th percentile reflecting climate change for a medium and high emission scenarios. The test room was simulated with and without suspended ceiling for the baseline (1970s), 2030s, 2050s and 2080s weather files to compare the effect on overheating hours.
The overheating limit was set to 28ºC in accordance with CIBSE definitions [8, 9].
Results

In terms of assessing the overheating performance with and without the suspended ceiling, fourteen simulations were solved using the dynamic Energyplus engine in DesignBuilder without the use of (simulated) cooling preventing overheating.  Two simulations were performed for each weather file and each emission scenario, medium emissions (ME) and high emissions (HE), for London (Islington), simulating the test room with suspended ceiling and non-suspended ceiling.
Figure 3 shows the temperature distribution results for London (Islington) with the use of suspended ceiling for the baseline (1970s) weather file as an example. Similar results were collected and analysed for the other fourteen computational simulations, the final results for overheating hours above 28ºC are summarised in Figure 4.
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Figure 3 Temperature distribution results for London (Islington) with suspended ceiling for the baseline (1970s) weather file
Exposing the thermal mass by elimination of the suspended ceiling reduces the overheating hours above 28⁰C by about 35% for the baseline (1970s) simulation compared to the same room featuring a suspended ceiling with accompanying isolation of the thermal mass from ambient temperatures. 
As expected, overheating hours above 28⁰C are higher for the high emissions scenario than for the medium emissions scenario, as higher emissions will accelerate the global warming effect of climate change, producing warmer and longer summers.
Overheating hours above 28⁰C by 2080s will be roughly four times the baseline levels in 1970s for both, medium and high, emissions scenario.

The reduction in overheating hours became smaller and smaller as the weather files simulates the latest years of the emission scenario. To the point of having small percentage reduction in overheating of 5% for the high emission scenario and 7% for the medium emission scenario due to the benefits of using thermal mass. This effect is due to the outdoor temperature being much higher in 2080s than in the reference simulations of 1970s, reducing the night cooling effect on the thermal mass and limiting the saving in overheatign hours and previously presented in the literature [10].
The number of overheating hours correlates with the need for cooling in a building and subsequently with the energy use and carbon emissions that cooling would incur. The higher the number of overheating hours, the more energy and carbon emission will be driven by cooling to alleviate the overheating.
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Figure 4 Overheating hours above 28 C with suspended and non-suspended ceiling
Discussion

Exposing the thermal mass by removal of the suspended ceiling in non domestic buildings can reduce the overheating hours above 28ºC by up to 35% for the baseline (1970s) simulation in London (Islington) compared to the same room featuring a suspended ceiling with accompanying (simulated) isolation of the thermal mass from ambient temperatures. These results agree with previous research highlighting the benefits of exposing the thermal mass and the use of night ventilation [1,2,11]
The number of overheating hours correlates with the need for cooling in a building and subsequently with the energy use and carbon emissions that cooling would incur. The use of cooling is driven by the number of overheating hours in the building, which will affect the thermal comfort of the occupants, so the higher the number of overheating hours, the more energy and carbon emission will be generated and the more probable the high emission scenario will be.
The simulation results show that by exposing and making use of the room thermal mass, the number of hours above 28ºC can be reduce by at least 35% for the baseline (1970s) simulation but the beneficial effect of the thermal mass is very much reduced in subsequent simulations for 2030s, 2050s and 2080s with a bigger reduction for the high emission scenario, due to an increase in outdoor temperatures [10]. 
While this study support the use of thermal mass and purge ventilation as a mechanism to avoid overheating [1, 2, 3] in the short term, a different strategy must be applied to reduce overheating in the long term (2050s and 2080s) as the achieved overheating reduction is just 5% for the high emission scenario and 7% for the medium emission scenario. Under these scenarios, the reduction of overheating hours will be minimal to achieve thermal comfort to the occupants and futher measures must be put in places to reduce the use of cooling if a reduction in energy and CO2 emissions must be achieved.

These results should be taking into account in the design of new buildings and refurbishment work to avoid overheating in the future due to climate change due to the long life of buildings.This study highlights the need of further understanding on the effect of future climate on quantifying the benefit of energy efficient measures in the long term to avoid the need to refurbish in the short term due to the higher temperatures in future climates. 

Conclusion

This study shows that the use thermal mass and night ventilation can provide a reduction in overheating in the short term. In the long term, 2080s, the use of the thermal mass has a minimal effect on the high number of overheating hours and a different strategy must be in place if overheating wants to be avoided due to the outdoor temperatures.
References

[1] 
Energy Saving Trust. CE129 Reducing overheating – a designer guide, 2005.
[2] 
Building Research Establishment (BRE). Thermal mass and overheating, 2005.
[3] 
Zero Carbon Home. Understanding overheating – where to start: An introduction for house builders and designers. NHBC Foundation, 2012.
[4] 
Jimenez-Bescos C. The effect of suspended ceilings on thermal mass to reduce overheating. Proc. of CISBAT 2015 Vol. II (Lausanne, Switzerland, 9-11 Sept. 2015). ISBN 978-2-9701052-2-0.
[5] 
IPCC. Climate Change 2013: The physical science basis. 2014. Can be downloaded at: http://www.ipcc.ch/
[6] 
Du H., Edge J.S. and Underwood C.P. Modelling the impact of new future UK weather data on a school building. Proc. of the International Building Performance Simulation Association (IBPSA) Building Simulation (Sydney, Australia, 2011).
[7] 
Eames M., Kershaw T. and Coley D. On the creation of future probabilistic design weather years from UKCP09. Building Services Engineering Research and Technology, 2011.

[8] 
CIBSE. TM52: The limits of thermal comfort: Avoiding overheating in European buildings, 2013.

[9] 
CIBSE. Guide A: Environmental design, 2015.

[10]
Wang H. and Chen Q. A semi-empirical model for studying the impact of thermal mass and cost-return analysis on mixed-mode ventilation in office buildings. Energy and Buildings 67 (2013) pp. 267–274.
[11]
Artmann N.,Manz H. and Heiselberg P. Parameter study on performance of building cooling by night-time ventilation. Renewable Energy 33 (2008) pp. 2589–2598. 

�





�





�





�








PAGE  
6

