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Summary 

Policy makers, industry, NGO’s and end-users all agree on the need for the construction 
industry to move towards more sustainable building concepts and designs.  

The dividing question is however, how this sustainability could be best assessed and 
which tools could be used to guide builders, specifiers, designers, architects or policy 
makers in making more informed material choices.  

Most experts recognize that the sustainability of construction products can only be 
assessed at the level of the functional unit, which is the building as such or, at least, the 
building component. This approach is supported, amongst others, by TC 350 of the 
European Standardisation Committee CEN in charge of developing the European 
harmonised standards on the sustainability assessment of buildings. Others, in the belief 
that sustainable buildings could be achieved by simply assembling so-called green 
products, prefer to set performance requirements on building products or materials 
themselves. This is the perspective used in the development of most eco-label and green 
public procurement criteria for construction products and in establishing ready-to-use 
guides to influence construction material choices. 

PU Europe, the European association representing the producers of polyurethane 
(PU) insulation, commissioned BRE, the UK’s Building Research Establishment, to 
quantify the overall environmental and economic costs of using PU insulation in low 
energy building designs. The study demonstrated that the sustainability of insulation 
materials is best assessed at the system level i.e. the whole building or component level as 
stated in the future CEN standards. The study concludes that using high levels of any 
insulation material is beneficial. It also demonstrates that PU insulation can achieve 
excellent life cycle environmental and cost performance in low energy building designs. It 
clearly shows that material selection for sustainability cannot be disconnected from the 
building context and that the knock-on effects of insulation material choices and resulting 
component thicknesses can become significant in terms of environmental and cost 
efficiency performance. The study also showed that, where specific mechanical properties 
need to be achieved such as in a flat roof, the use of PU can bring both environmental 
performance improvement and cost efficiency. 
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1 The role of polyurethane insulation in sustainable building designs 

The term sustainability is used with different meanings by various manufacturers, policy 
makers, environmental and consumer groups. Many ill conceived publications looking at 
sustainability, focus only on the initial price or primary energy content per kilogramme to 
justify material choices. Following the principles expressed in the future European 
harmonised standards on the sustainability of buildings, sustainability credentials can only 
be assessed at the level of the functional unit, i.e. the building,  and must incorporate 
a balanced view on the environmental, economic and social impacts. [1] 
 

Previously we demonstrated that when 
applying a life cycle approach at the level 
of the functional unit, PU can contribute 
to sustainability by satisfying the two 
most important aspects when choosing 
insulation solutions [2]: 

▪ A high thermal resistance achieved 
at optimal thickness thanks to its 
low thermal conductivity; 

▪ A high longevity of the thermal 
resistance performance thanks to its 
closed cell, inherent structural 
integrity. 

PU insulation stands for a group of 
insulation materials based on PUR 
(polyurethane) or PIR (Polyiso-cyanurate). 
Their closed cell structure and high 
crosslinking density give them the 
characteristics of good heat stability, high 
compressive strength and excellent 
insulation properties. PU insulation has 
a very low thermal conductivity, starting 
from as low as 0.022 W/m.K, making it 
one of the most effective insulants 
available today for a wide range of 
applications. 

 

Indeed, once a high thermal resistance has been achieved, an important aspect to look out 
for is its longevity or how well the insulation will continue to perform over time. After all, 
it is an investment that is supposed to save money and protect the environment, and it will 
only do that if the thermal performance lasts. Rigid, closed cell PU insulation is not 
affected by water vapour or air infiltration, it cannot sag or slump, and is very difficult to 
squash, all of which gives a better guarantee of high performance over the life of the 
building. 

2 Assessing environmental and economic performance 
of polyurethane insulation 

In construction, the thermal performance of the roof, walls or floor is expressed as a ‘U-
value’, which represents the amount of heat loss through the building envelop surfaces and 
is measured in watts per square meter. As shown in Fig. 1, due to its low thermal 
conductivity, PU insulation can achieve the same U-value as the other materials with 
considerably less thickness.  

 
Fig. 1 U-value impact on insulation thickness 
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If we make our buildings more energy efficient in order to mitigate climate change, this 
question of thickness becomes a real issue, as very thick quantities of insulation have 
a ’knock-on’ effect on buildings. Indeed, wall cavities will have to be made deeper, taking 
up valuable space, fixings have to be longer, roofs larger and, in the case of timber frame, 
studs will have to be deeper, all of which adds to the building cost but also to the total 
building environmental footprint. On a large building site this may also affect the density 
or number of properties that could be built on the site [3]. 

2.1 Quantification of environmental and economic performance 

As several of these aspects were not sufficiently quantified to date, PU Europe, the 
European association representing the producers of polyurethane insulation, commissioned 
BRE, the UK’s Building Research Establishment, to quantify the overall environmental 
and economic costs of using polyurethane (PU) and other types of insulation in low energy 
building designs using life cycle assessment (LCA) and life cycle costing (LCC) tools.  

Three scenarios were modeled using a 3-bedroom, 5-person two-storey detached low 
energy house, with masonry cavity walls, solid concrete floor and pitched or flat roof. Each 
scenario considered three different climatic zones: temperate oceanic, temperate 
Mediterranean and cool continental, as referenced in the Köppen Climate Classification[4].  

▪ Scenario 1: whole new building, with pitched roof, cavity wall and groundfloor 
insulated to the same U-values to define the functional unit; 

▪ Scenario 2: refurbishment of internal walls with internal lining using a fixed 
insulation thickness as functional unit;  

▪ Scenario 3: flat roofs, requiring high mechanical performance of the insulation, 
modelled to achieve a common U-value as functional unit.  

a) Life cycle environmental performance 

The results from these three case studies show that: 
▪ where the whole building performance is taken into account, the thinner structures 

and reduced construction material demand from using PU balance the initial higher 
PU material impact. All results remain within a 20% range from each other, and are 
hence not significantly different from an LCA perspective. 

▪ where the thickness of the insulant is fixed, rather than the U-value, the greater 
energy savings achieved with using PU insulation offsets the initial higher 
environmental impact of the PU insulation itself, resulting in similar environmental 
performance for all solutions. 

▪ where specific mechanical properties are required, such as high compression strength 
on flat roofs, the low density PU solution achieves similar to better environmental 
performance. For example, PU solution has the lowest global warming potential - 
43% lower than the expanded polystyrene and 57% lower than the stonewool 
solutions. This can be explained by the weight of the insulant to achieve the 
functional equivalence: 4.8 kg/m2 for PU, 7.6 kg/m2 for the expanded polystyrene 
and 33 kg/m2 for the stonewool solution. 

b) Life cycle cost performance 

The results from the life cyle costing assessment showed that, taking into account the 
context of the whole building or component level, the PU solution achieves the lowest life 
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cycle cost thanks to reduced material use. The cost improvement ranges from 2.5% in the 
case of the flat roofs up to almost 20% in the pitched roofs which require deeper and 
significantly more expensive rafters. 
 

The LCC study did not look at quantifying the effect of the increased wall thickness 
required by the less efficient insulants in terms of land use requirements and possible 
impact on the number of properties on a large building site. The report looked however at 
a worst case scenario where 8m2 additional footprint for each property would mean that 
only nine properties could be fitted in an area that may be able to accommodate ten if the 
external walls were thinner and the roof not extending over such a large area. When 
coupling with this a possible value of the land that is unable to be utilised and estimated at 
£250 per m2, a realistic cost of land with planning permission in an urban area in the 
United Kingdom,  the additional 8 m2 area would equate to an additional  £2,000 capital 
outlay with no additional return. 

3 Conclusions 

The LCA and LCC case studies have demonstrated that the sustainability of insulation 
material is best assessed at the system level i.e. the whole building or component level as 
stated in the future CEN standards in order to make informed choices.  

This approach proves the environmental benefits of using high levels of any 
insulation materials. The approach also demonstrates the very good life cycle 
environmental and superior cost performance of PU insulation in low energy building 
designs, both in new build and in renovation. It clearly shows that material selection for 
sustainability cannot be disconnected from the building context and that the knock-on 
effect of insulation material choices on the building’s total environmental and life cycle 
cost performance can be significant and can modify the perception on what is the optimal 
material choice. 

The study clearly showed that the insulation density and thermal conductivity are 
critical properties to consider in performing LCA and LCC assessment. These two 
properties define the material intensity and the knock-on effects on the building structure 
and footprint.  

References 

[1] CEN TC 350, FprEN 15643, Sustainability of construction works - Sustainability assessment 
of buildings, September 2009 

[2] XCO2, Insulation for Sustainability – a Guide, 2000 

[3] Loebel, O. Sustainable construction in practice: Industry approach to demonstrate PU 
insulation high performance. UTECH, Maastricht 2009. 

[4] McKnight, Tom L, Hess, Darrel "Climate Zones and Types: The Köppen System", 2000. 

Disclaimer 
While all the information and recommendations in this publication are to the best of our 
knowledge, information and belief accurate at the date of publication, nothing herein is to be 
construed as a warranty, express or otherwise. 
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