
Contents lists available at ScienceDirect

Building and Environment

journal homepage: www.elsevier.com/locate/buildenv

Mitigation versus adaptation: Does insulating dwellings increase
overheating risk?

Daniel Fosasa,∗, David A. Coleya, Sukumar Natarajana, Manuel Herreraa, Miguel Fosas de Pandob,
Alfonso Ramallo-Gonzalezc

a Department of Architecture and Civil Engineering, University of Bath, United Kingdom
bDepartment of Mechanical Engineering and Industrial Design, Universidad de Cádiz, Spain
c Faculty of Computer Science, University of Murcia, Spain

A R T I C L E I N F O

Keywords:
Thermal comfort
Overheating
Energy policy
Insulation
Building simulation

A B S T R A C T

Given climate change predictions of a warmer world, there is growing concern that insulation-led improvements
in building fabric aimed at reducing carbon emissions will exacerbate overheating. If true, this would seriously
affect building regulations all over the world which have moved towards increased insulation regimes. Despite
extensive research, the literature has failed to resolve the controversy of insulation performance, primarily due
to varied scope and limited comparability of results.

We approach this problem through carefully constructed pairwise comparisons designed to isolate the effect
of insulation on overheating. We encompass the complete range of relevant variables: latitude, climate, in-
sulation, thermal mass, glazing ratio, shading, occupancy, infiltration, ventilation, orientation, and thermal
comfort models — creating 576,000 building variants. Data mining techniques are implemented in a novel
framework to analyse this large dataset. To provide confidence, the modelling was validated against data col-
lected from well-insulated dwellings.

Our results demonstrate that all parameters have a significant impact on overheating risk. Although insula-
tion is seen to both decrease and increase overheating, depending on the influence of other parameters, para-
meter ranking shows that insulation only accounts for up to 5% of overall overheating response. Indeed, in cases
that are not already overheating through poor design, there is a strong overall tendency for increased insulation
to reduce overheating. These results suggest that, in cases with acceptable overheating levels (below 3.7%), the
use of improved insulation levels as part of a national climate change mitigation policy is not only sensible, but
also helps deliver better indoor thermal environments.

1. Introduction

The buildings sector accounts for 25% of global fossil fuel related
greenhouse gas emissions [1]. These emissions arise primarily from the
demand for space heating and cooling [2], hence, improved building
insulation lies at the heart of energy reduction policies [3–10]. Taking
the UK as an example, buildings represent the sector with the single
greatest emissions, accounting for 37% of total CO2e emissions (210.9
MtCO2e·y−1) [11] and, in order to meet the planned national trajectory
of emission cuts, considerable reductions are expected from the sector.
Increased wall insulation is expected to provide 42% of this reduction,
heating-related measures 27%, other measures (such as increased en-
ergy efficiency of appliances or lighting) 24%, and building fabric
measures other than wall insulation 6% [11]. Consequently, at 48%,

improved insulation/fabric will be the largest contributor and therefore
critical in meeting the trajectory.

As seen in the European heat wave of 2003, where over 14,000 died
inside buildings in Paris alone [12] excessive temperatures (termed
overheating) in buildings can lead to a severe loss of life. Several studies
(see Table 1) have suggested that improved insulation might exacerbate
overheating, implying a direct conflict between mitigation and adap-
tation for this key policy. If correct, these studies suggest alternative
routes to mitigation will have to be found, or carbon trajectories re-
thought with much greater cuts from other sectors such as transport or
electricity generation [1,13,14]. However, other studies have found the
opposite. For example, the empirical evidence collected during the
Paris heat wave shows higher internal temperatures in rooms without
insulation [12]. Given that improved insulation in buildings is one of
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