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Abstract 

 
The UK government is committed to reducing the emission of greenhouse gases and has 
written into law a requirement to reduce emissions by 80% by 2050.  Much of UK housing 
is old.  There are some 4 million houses that were built before 1920 in use, many of which 
are poorly insulated.  There have been a number of schemes to improve the situation and 
which have, for example, seen a big increase in loft insulation.  There has also been some 
improvements in boiler efficiency and the use of photovoltaic panels for energy 
generation.  Probably the greatest challenge is the insulation of the largely solid walls and 
the government initiated two schemes The Green Deal and the Energy Company 
Obligation (ECO).  The Green Deal is a programme of loans to encourage the introduction 
of energy saving measures, the Golden Rule being that the energy savings outweigh the 
cost of loan repayments.  The take up  has been low.  The Energy Company Obligation is 
a scheme whereby the energy supply companies undertake to treat the „hardest to deal 
with‟ houses.  This has been controversial as the costs have been passed on to 
customers and the scheme is under review.  However, there has been a sharp rise in the 
use of external wall insulation (EWI) on existing solid wall constructions and some 
increase in internal wall insulation.   EWI systems are required to be tested to European 
Testing Approval Guideline 004 (ETAG 004) in order to be eligible for use in the ECO 
scheme.  There have, however, been lots of examples of poor performance, often 
workmanship related and there is an underlying issue that there is often a difference in the 
calculated energy saving of providing the insulation and the actual saving, the 
Performance Gap. 

This paper will explore the issues involved and suggest some possible measures to lead 
to improvements and also some safeguards to ensure there is no unexpected damage to 
the existing fabric by the use of IWI. 
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Introduction 

The effort expended by the UK government to try to meet its international obligations 
under the Rio Accord and the Kyoto Protocol date back to the mid nineties.  The first 
efforts were to increase the thermal insulation requirements embodied in the UK Building 
Regulations.  These efforts have developed along the lines which have subsequently been 
adopted by other countries seeking to upgrade regulations.  In the first instance increased 
requirements were applied to individual elements eg walls, floors, roofs, independently of 
one another.  As minimum standards were increased, trading off the performance of one 
element against another through to whole energy performance of houses and other 
buildings took effect.  Although as a strategy for new build this was quite reasonable, the 
rate of new build and hence the replacement of existing stock of, in particular, housing 
was very low.  So by 2010 although the rate of production of new houses was arguably 
180,000 per year to keep pace with the growth of the number of households, the rate 
achieved was 130,000.  The rate required to begin to replace existing stock was of course 
much higher. 

Clearly whatever the effect in relation to new build the progress in meeting international 
obligations was limited. 

The UK government then decided to attack the problem by addressing in a meaningful 
way the upgrading of existing buildings.  This has previously been approached in a 
number of limited schemes to improve loft insulation and to fill the cavities in cavity walls 
with thermal insulation eg mineral wool or expanded polystyrene.  This was not without its 
concerns, for example, loft insulation becoming so deep as to conceal the ceiling joists 
and hence making boarding out loft spaces difficult, also the increased risk of frost failure 
of the insulated outer leaves of cavity walls which were now colder and wetter for longer. 

The current situation is that the UK government has committed to reducing greenhouse 
gases by 80% by 2050.  However much of UK housing is old and there are some 4 million 
houses built before 1920.  Many of those will still be in use by 2050 and consequently 
there is a massive task ahead.  It is estimated that there are some 26 million dwellings 
that need to be upgraded. 
 
 

The Green Deal 

The Green Deal was introduced as a flagship government policy in 2011.  The concept 
was that homeowners would be encouraged to take up loans from Green Deal „providers‟ 
in order to introduce energy saving measures to their homes.  The loans were to be paid 
back over several years through the homeowners‟ energy bills.  The government has put 
some considerable efforts behind the scheme and estimates that some 26 Accreditation 
Bodies have certified almost 3,000 installers as suitable to be used. 

The innovation behind this scheme was the „Golden Rule‟ that the savings in energy costs 
were greater than the cost of repayment of the loan.  On the face of it this was a fairly 
clever scheme, however, there were a number of drawbacks in practice.  The key issues 
were: 



 

 The improvement in energy performance needed to be predicted in order that what 
measures it was economic to introduce could be identified. 

 The interest rate that would be charged and hence the repayment period was not 
that clear at first. 

 The loan followed the home and not the homeowner so that if they moved, the loan 
remained a liability for the new homeowner. 

 Earlier measures aimed at energy saving such as blown in cavity wall insulation 
were often based upon grants ie at no cost to the homeowner. 

The situation in 2014 is that although over 220,000 homes have been assessed for their 
suitability for Green Deal finance, only some 4,000 homes have been improved.  So 
overall the take up has been poor.  This situation is a combination of a number of factors: 
the interest rates being offered were relatively unattractive hence offering long payback 
periods, potential homebuyers would not purchase a property with an outstanding energy 
loan and the vendor had to repay it and also the fact that „selling‟ a loan was a hard „sell‟.  
Local councils who aspired to be Green Deal providers had found it difficult to provide free 
cavity wall insulation to a sceptical public and so to „sell‟ a loan scheme was difficult. 
 
 

The Green Deal: Technical Issues 

A key technical issue was around the estimation of the improvement in energy 
performance that was anticipated.  The approach that was used was to have trained 
Green Deal assessors to visit the homes of prospective customers for loans.  Computer 
software, the government‟s Standard Assessment Procedure, was used to evaluate the 
current energy performance of the home.  This was based upon a number of simple 
factors, for example, does the property have loft insulation, if so how much?  Wall 
insulation?  Efficient boiler system?  This data, which although more extensive than my 
example, is relatively simplistic.  The assessor would then identify what improvements 
were possible and would predict potential performance when these had been carried out. 

Clearly the difference was the energy saving available to determine whether the Golden 
Rule was achievable. 

One issue is that the SAP assessment includes a number of assumptions which may or 
may not be true and it is well known that there is a „Performance Gap‟ between the 
calculated energy consumption of homes and that measured.  This is true when dealing 
with the fabric alone ie not allowing for any influence of how the inhabitants might behave 
in relation to energy usage.  Numerous studies are in hand to determine the causes of the 
Performance Gap including that of the Zero Carbon Hub which is advising the UK 
government.  However, studies are repeatedly showing factors affecting the „Performance 
Gap‟, some where even „best practice‟ at insulating falls short, for example, trying to 
insulate the eaves in a loft space where the roof pitch is low either generally or by the use 
of swept eaves.  In addition thermal imaging has shown up on numerous occasions that 
efforts at insulation have fallen short, for example, when a cavity in a party wall has not 
been insulated from that in the external walls and warm air is lost. 



 

Figure 1. Thermal image showing shortcomings in cavity wall insulation. 

Courtesy: Dominic Miles-Shenton, Leeds Beckett University 

 
Studies have shown that even with new build the „Performance Gap‟ can be 100% of the 
calculated performance.  This is a little unusual but tens of percentages are quite 
common.  So despite the „Performance Gap‟ there is the possibility of the projected saving 
being the difference of two fairly inaccurate estimates. 
 
This whole issue of the Performance Gap was recognised by government and experts 
were convened to consider what might be the inaccuracies in the performance of the 
various inputs to the SAP calculations and for each element an „in-use‟ factor was 
developed.  This is some agreed best estimate of how inaccurate the input data might be.  
Although this could at least lead to calculations with agreed error bars, the basis for 
calculating realistic payback periods for investment was not very credible. 
 
Figure 2 shows the results of a typical study of the performance of houses against the 
predicted performance.  This study is of 25 houses of a variety of types but clearly the 
increase in measured heat loss coefficient over that predicted is significant. 
 



 

Figure 2.  Illustration of the „Performance Gap‟ 

Courtesy: Professor David Johnson, Leeds Beckett University 
 

 
The Energy Company Obligation 

 
The principle behind the Green Deal was quite sound but in practice it did not work.  There 
was, however, a realisation in government that there was a large stock of housing that 
was inherently „hard to treat‟ and these needed to be dealt with separately.  Clearly if 
adopting a „fabric first‟ approach, which was popular with many local authorities that chose 
to be Green Deal providers.  The view was taken that providing efficient heating systems 
was wasted if the fabric of the building was not well insulated and was poor policy, these 
were problem properties.  Older properties with solid walls in terraces, for example, do not 
readily lend themselves to internal wall insulation (IWI) due to the reduction in internal 
space which by modern standards was not generous in the first place.  Consequently 
external wall insulation (EWI) looks to be more attractive but leads to issues of 
consistency of approach along the streetscape, together with issues of roof overlaps and 
drainage.  Apart from the technical issues there were and still are huge social issues,  
many of the „hard to treat‟ properties are occupied by the poorest in society living in fuel 
poverty, which in general means that they have too little disposable income to spend on 
fuel and hence cannot keep warm.  This was recognised as deplorable in a modern 
society and the government decided that improvements should be paid for by the UK 
energy supply industry.  At first sight this seemed like a sort of „Robin Hood‟ scheme 
where those that could afford to pay their heating bills would subsidise improvements to 
the homes of those who could not, so that post improvement they could afford a socially 
acceptable standard of heating comfort.  Utility companies established large departments 
of assessors and appraisal schemes for contractors and significant costs were incurred.  
What the UK government failed to appreciate was that energy supply companies did not 



conceal the costs of the scheme.  Customer bills increased and the charges were 
identified as „Green Taxes‟ which had an almost instant effect of increasing the cost of 
living as measured by either of the common measures - the Retail Price Index (RPI) or the 
Consumer Price Index (CPI). This led to public outcry and an immediate reduction in the 
scale of the project. 
 
 

The Energy Company Obligation: Technical Issues 
 

The issue of frost failure in newly insulated cavity walls was referred to earlier.  In relation 
to „hard to treat‟ homes this has some broader implications.  As referred to earlier IWI is 
not a straightforward solution for existing homes due to the relatively small room sizes.  
However, for large areas of the UK, EWI is not an attractive solution because the 
character of the area is defined by the appearance of the housing, for example limestone 
in the Cotswolds and red brick in much of Lancashire.  Consequently there is pressure 
towards the use of IWI.  A large proportion of „hard to treat‟ homes are built with solid 
external walls and, in the case of bricks, will be from brickworks now probably closed but 
where quality control was relatively poor by today‟s standards.  In the case of cavity walls 
referred to earlier the introduction of insulation led to concern in the UK brick 
manufacturing industry as in some post war years 60% of the output was of Fletton bricks 
which are at the lower end of the range of frost resistance.  That concern, although 
theoretically sound, did not materialise in that there were not widespread failures, 
however, the concern with older brickwork of potentially poorer quality in „hard to treat‟ 
solid wall housing requires attention. 
 
This is not an irrational fear.  In the laboratory it has been possible to show that if two 
identical solid walls are subjected to an albeit harsh external freezing regime, one with an 
inner face subjected to living room conditions and the other the same but with internal wall 
insulation, frost failures can be generated.  Bearing in mind that the UK government 
estimates that around 80,000 solid walls have been insulated with internal wall insulation 
and there remain some 8 million as yet walls not treated with either EWI or IWI, the scale 
of the risk may not be insignificant. 
 
In terms of safeguards against failure we have at our disposal a lot of technical 
possibilities.  For example brick compressive strength, water absorption, saturation ratio, 
none of which are a perfect indication of frost resistance.  We also often have with aged 
bricks a maker‟s mark which can be traced by historical records and often the original 
quality assessed.  In Europe we have TSEN 772-22 - The Determination of Freeze Thaw 
Resistance of Clay Masonry Units which applies repeated freezing and thawing cycles to 
a saturated panel of clay brickwork.  It is reliable for new masonry units but if applied to 
aged units the pass/fail criterion of 100 cycles may not be met.  This then leads to an 
assessment of the individual site conditions ie levels of driving rain, elevation, numbers of 
air frosts.  In the end it comes down to a judgement being made and of course such 
investigations cannot always be warranted on cost grounds, however there is some help 
available (Edgell, 2013). 
 
 



Technical Requirements of the Scheme: EWI 

For EWI systems to be suitable for funding under either the Green Deal or ECO they 
needed to meet certain standards.  For such systems with thermal insulation coated in 
render a European Technical Assessment Guide (ETAG 004) existed which is the 
document against which such systems could be assessed and European Technical 
Assessments (ETA‟s) could be issued.  ETA‟s allow the manufacturer to CE mark the 
system which enables it to be freely marketed throughout Europe.  The UK government 
therefore required systems to be assessed against ETAG 004 by a UK (UKAS) accredited 
laboratory in order to be deemed suitable for funding. 

External Wall Insulation Systems must satisfy the Basic Requirements for Construction 
Works which are incorporated in the (EC) Construction Products Regulation.  These are: 

 Mechanical resistance and stability 

 Safety in case of fire 

 Hygiene, health and the environment 

 Safety and accessibility in use 

 Protection against noise 

 Energy economy and heat retention 

 Sustainable use of natural resources 

At the time the ETAG was drafted the last requirement was „Aspects of Durability and 
Serviceability‟. 

The tests required to demonstrate that the requirements are met are quite extensive and 
consist of small scale tests on components of the system, to large scale tests on the 
system.  The tests required depend on whether the system consists of fully or partially 
bonded renders, or those fixed back with anchorages and profiles. 

A key aspect of the ETAG assessment is hygrothermal testing which is a full scale test on 
an insulation system applied to a representative substrate.  Essentially the wall is 
subjected to 80 cycles of elevated temperature (70ºC), cooling by dousing with water, 
draining and reheating.  For systems that absorb significant amounts of water subsequent 
freezing and thawing cycles are applied.  As the scheme was being developed it became 
clear that the testing capability in the UK was limited and Lucideon invested firstly in 
equipment capable of testing four walls and soon after, another four walls.  Lucideon 
quickly became the market leader. 



 

Figure 2. Hygrothermal test rigs. 
 

Several of the systems on the market were clad in brick slips in order to be attractive in 
areas of the country where brick appearance was dominant.  ETAG 004 does not strictly 
apply to these systems but Lucideon adapted it by introducing „before‟ and „after‟ pull off 
tests to demonstrate retention of performance.  This has proven to be acceptable in the 
marketplace. 
 

 
Future Developments 

The future of the current government schemes is unclear and will probably remain so until 
beyond the UK General Election in 2015.  However, the commitment to energy reduction 
through to 2050 will dominate policy in due course. 

One area of current interest is that of Park Homes.  These are what are often described as 
holiday homes and are often placed on large „parks‟ near to the coast.  In many cases 
these are permanent residences and are usually of timber frame construction.  Such 
homes are eligible for funding to retrofit insulation but are outside the scope of ETAG 004.  
Although the European Trade Association for the EWI industry is trying to develop a 
European Assessment Document (successor to ETAG) to cover such systems, in the 
meantime in the UK, Lucideon at the request of manufacturers, has developed a scheme.  
The Lucideon scheme has been approved by insurers and the government scrutinear of 
the energy industry, Ofgen. 



The scheme for Park Homes is more onerous than that of the ETAG and has met with 
approval of UK industry.  In particular the scheme requires the hygrothermal test to be 
applied to insulated walls which include representative window details.  This was done as 
it was recognised as a shortcoming of the ETAG scheme. 

There is clearly a need for further extensions to the testing standards, for example to other 
forms of non-traditional construction eg steel framed buildings. 

Despite the existence of accreditation schemes for installers and better developed testing 
standards for systems, there is a clear problem demonstrated by the Performance Gap. 

Part of the problem as described earlier is the inadequacy of the modelling which can 
always be adjusted to suit the funding regime but performance in practice requires 
improvement.  Whether such improvement is to bring current practice up to best practice, 
or whether it is to develop best practice by improved detailing, there is clearly a need to 
develop industry standards. 
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