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Abstract — An investigation into the effects of implementing energy retrofit measures to
existing UK dwelling stock. Risk issues are examined which potentially arise from changes in
the performance and specification of elements, or the entirety of dwellings. The hypothesis
tested is whether retrofitting work applied to certain sets of older properties alleviates or
causes more problems, specifically with regard to the impact of changes in condensation and
moisture balances. Social housing receiving retrofit thermal fabric improvements, was
analysed via review and statistical comparison of repair and maintenance issues arising before
and after retrofit. It is argued and demonstrated by example cases that the typical sequential
process of retrofit improvements by funding driven single energy efficiency steps, can lead to
unanticipated defects arising due to transfer and redistribution of condensation and moisture
sites. In summary, more detailed consideration should be given to the future performance of
retrofitted building envelopes during project planning.

INTRODUCTION

It is hypothesized that another effect of Low Energy (LE) or ZC retrofit (ZCR) measures,
besides those of improved energy efficiency and performance, can in some instances, be
detrimental issues related to the management of ventilation and moisture transfer. This study
examines this by describing retrofitting measures to identify issues raised. Through an
investigation of maintenance records for properties which have undergone retrofitting
improvements, it was investigated whether there is reason for concern in some situations and a
need for clarity in consultancy design when retrofitting.

Impacts on building fabric, health, energy and environment were reviewed, and issues noted
in particular with regard to fabric and health, related to apparent changes in air permeability.
Various research (Bell & Lowe 2000; Muneer & Abodahab 1998) was noted that links poor air
quality in modern dwellings with low air permeability. It is proposed comparable effects can
be caused in older dwellings which have undergone retrofit cavity wall insulation (CWI) or
external wall insulation (EWI) as well as replacement windows, whereby the inherited
envelope leakiness is significantly reduced as a result (Muneer & Abodahab 1998). It is further
proposed that similar poor indoor air quality situations could occur in retrofitted existing
dwellings that do not have specifically developed strategies (such as whole house ventilation
systems) introduced as part of the improvement works; as no control is otherwise possible over
maintaining adequate ventilation rates.

Issues arising for retrofitted dwellings are therefore an awareness of: (1) susceptibility to
condensation and mould growth; (2) ventilation rates generally; (3) moisture related allergies;
and (4) the overall indoor air quality in 'tight(er)' buildings. It is also noted that where
mechanical ventilation and heat recovery (MVHR) systems have been retrofitted, the
successful operation and long-term energy benefits depend highly on the residents. Hobday
(2010, p.14) reports (though without detail) that surveys have highlighted serious faults with
systems. However one prime issue is that MVHR systems need regular maintenance, which is
believed to be less than widely known by dwelling occupiers (and dwelling stockholders to a
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lesser extent. Typically there is a between 1-5 year necessary replacement cycle for air filters.
Without cleaning and maintenance routines, health risks can be presented, and energy
efficiencies significantly drop. It is also known that social housing tenants often view
continuous running MVHR systems as unnecessarily energy costly, and seek to override and
stop them. Effectively, they can still deem ventilation inadequate and a problem if the provided
solution are viewed as undesirable; a concept identified by van Dongen & Phaff (1989) in
studies of occupants of new build dwellings. If so interrupted, it is clear lack of MVHR can
lead to inadequate ventilation for occupiers and structure, with detrimental results. It is
proposed more resilient systems may be gained by retrofits incorporating passive strategies for
whole house ventilation, such as new systems that can be installed in existing flues and
chimney stacks, or have fail-safe passive operation modes to maintain ventilation rates (for
example Passivent Ltd 2010) should the mechanical extract portion fail or be switched off.

It was determined from the preceding literature study that issues of damp, condensation and
moisture are areas of concern when retrofit work takes place; either as something which it is
sought to remedy in the first place, or more crucially, as a risk item to be mitigated and avoided
as an occurrence from changes to the dwelling fabric envelope. The review includes
consideration of cases resulting in transfer of moisture collection areas / localisation onto the
coldest surfaces remaining in a dwelling (i.e. the windowpanes), with a resultant increased
concentration of dampness in locations. Concern is raised over whether, in situations where
dwellings are improved by the application of external wall insulation, or cavity wall insulation;
and the dwelling is hence 'tightened' in respect of air permeability being lessened; if ventilation
systems are not installed does adequate ventilation remain to maintain the condition of the
fabric? And if ventilation systems, are they able to avoid interstitial condensation as a result of
imperfections and weaknesses in any (retrofitted) internal vapour membranes? Similarly,
satisfactory indoor air quality and adverse health effects, has been reviewed and discussed.

METHODOLOGY

The selected methodology was to make a limited survey of public sector housing stock holding
organisations (non-profit housing associations, residential social landlords (RSL's), and local
government bodies including Arm's Length Management Organisation's (ALMO's)) A range of
local authorities and housing stock providers were contacted for the purposes of this research.
Ultimately, with time constraint, only two stockholder organisations presented suitable
information which could be investigated further with reference to the issues of energy
retrofitting measures, and data from Knightstone Housing is discussed further. The data search
process was defined as: 1) to look at records for a tranche of stock that may have had cavity,
external, or internal wall insulation applied, or new windows fitted; and 2) to cross reference
this to see the numbers which required maintenance revisits following such improvement
measure works. Noted items to consider / watch for were to include: structural failure, wall ties
failure, built fabric failings, issues reflecting a more airtight construction envelope, damp or
other condensation, or excessive moisture build-up in / or on walls, or issues with cavity
insulation. To work within limitations of stock data categorisation, incompatible and
incomplete data; a process was devised by the author in consultation with Knightstone
whereby a primary selection of properties would be made from 'known' complete data records
that had been entered fully within the life of the current database'. These then were examined
for effect's of retrofitted improvement measures by reviewing associated follow-up
maintenance records, held in a separate database and system.:

1 Current asset management tool used by Knightstone Housing Association is a PIMs system, an evolution from
the previous CodeMan tool. Maintenance records are held in an IBS/ Capita database system (Paddon 2010).
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» Stage 1: stock records reviewed to identify at minimum 100, ideally 120 properties;
isolating dwelling records with retrofit measure works done in the 2005-06 year, and if
necessary extended to 2006-07 to make up suitable sample sizes if necessary. These were
defined as 80% to be included by virtue of having had some or all significant improvement
measures applied (cavity wall insulation, loft insulation, replacement windows, even dry-
lining insulation); and a control sample (proposed to be 20%) was defined to be of the same
stock types as the retrofit sample, but having had no improvement measures (i.e. no cavity
wall insulation, no loft insulation top-up, no window replacements). For each, install dates/
and sequence for major improvement measures were to be obtained where known.

» Stage 2: The unique property identifiers (UPRN's) for the above sample were then exported
from the asset management system and queried within the maintenance records system; for
the 1 year period beforehand (2004-05) to establish a baseline level of reports, and for the
3-4 years including / after the improvement measure was applied, to form 5-year datasets

» Stage 3: Filter the output dataset records to strip out maintenance records that are day to
day calls and that didn't relate to key items such as fabric failings, issues of humidity levels,
or lack of adequate ventilation. These would then be reviewed for pattern and change,
before, during, and after the retrofit measures were applied. In this manner it was proposed
it could be seen if patterns arise of concerns after improvement measures are applied, such
as increased localised condensation, or lesser air quality (due to tighter envelope etc.), or
other related syndromes. The option was reserved to potentially revisit records for a limited
selection of properties arising to review further.

This can be summarised for each dwelling typology that is sampled as having had major
retrofit improvement measures or a combination of measures, in the target year(s), there should
be a few properties identified as being of the same type, but that have not been retrofitted. This
gave a control sample to further define the baseline for maintenance reports from occupants.

Contextually, the scope of recent retrofit and refurbishment undertaken by Knightstone was
summarised as 773 cavity wall insulations, 448 roofs insulation top-ups, and 2,000 window
double glazing refits, all in the last 2% years, and 1,183 boilers in the last 6 years (Victory-
Rowe 2010). It is notable however this illustrated how these refurbishments are primarily
recorded as distinct works packages affecting single elements of the dwelling on each
occasion, and this will be discussed further later. Together with a stock profile of the selected
dwellings (Knightstone Housing Association 2010), detailed maintenance report data for
analysis was provided for the period March 2004 to November 2010 (2010). This comprised
listings for 121 dwellings, of which 101 had been selected (by the Asset Management Team) as
representative dwelling records with retrofit measure works done in the 2005-06 financial year.
The remaining 20 dwellings had been selected as the requested control sample, which had not
had improvement measures at that time or since (i.e. no cavity wall insulation, no loft
insulation top-up, no window replacements). For each dwelling, information on location,
building type (semi detached, mid terrace, flat, etc.), number of bedrooms, heating method,
year built, and applicable retrofitted improvement measures, was listed. With the existing
unique references properties could be tracked between different database systems.

To understand the profile of the data sample, a review of dwelling numbers against year built
was constructed and split by the time ranges commonly used in the English Housing Survey
(EHS) stock report (Department for Communities and Local Government 2010), to enable
comparisons against national stock figures. Nearly half the sample units were built after 1990,
but dwelling types was well balanced in terms of flats, semi-detached houses, bungalows, and
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mid terrace units. Further grouping the data by type and year combined gave context when
compared with to the potential construction types likely to have been employed in each case.
EHS Housing Stock Report (2010)

The main part of the research has been an analytical review and statistical comparison of a
sample of social housing stock that had received retrofit energy efficiency enhancements
(predominantly thermal fabric improvements), together with a control sample that had not; and
studying what if any repair or maintenance issues arose. The hypothesis tested was whether
retrofitting work applied to certain sets of older properties has alleviated or caused more
problems, particularly detrimental issues related to the management of ventilation and
moisture transfer. This was reviewed in terms of any increased likelihood of condensation
related repair work. The analysis was done by breaking down the received data into categories
of fault; for both the retrofitted and control sample dwellings. The number of maintenance
issues which related to condensation and other issues both before and after the retrofit
interventions were studied, and compiled, producing for the sample from Knightstone the
statistics shown in Figures 1 & 2, as percentage figures of the amount of issues raised as a
proportion of the entirety. In both period datasets, the fault issues for the 101 retrofitted
dwellings and for the 20 unimproved dwellings reported separately, for clarity and to give an
ongoing comparison. This demonstrates that for ultimately retrofitted dwellings an interpreted
reduction from 67% to 22% can be observed in regards of condensation and damp, after the
retrofit works; although there is a significant rise from 0% to 33% of reports regarding window
unit issues. Comparing this with the unimproved dwellings, condensation and damp issues
reduced from 33% to 18% between the two time periods, suggesting there may be a moisture
quality improvement related to retrofit for this issue, but as the pre-retrofit dwelling sample
contained low numbers of reports, it should be treated cautiously, not viewed as demonstrative.
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Figure 1: (left, Maintenance reports as percentages (filtered as methodology) before retrofit
works (period covered March 2004 to May 2006) Figure 2: (right) Maintenance reports
(filtered as methodology) after retrofits (period covered June 2006 to November 2010 ).

Statistical analysis of data regarding the sample reports was done using a Chi-squared
statistical test (Deacon n.d.), to detect variance between groups. The resultant probability
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value (see Figure 3) for the expected outcome confirms there is not a significant reason based
on this to accept or reject the hypothesis — there was no statistically significant evidence of
difference in the number of maintenance issues between dwelling sample groups.

Statistical Test — Chi Squared test of data variance Figure 3: Calculated x* value
was compared with c? (chi
E Whole sample ratio sample total squared) value in a table of c’

dwellings in sample 101 20 121

with n-1 degrees of freedom;
(where n is the number of

Thermal, fabric, damp, and ventilation related fault reports . . . .
categories, i.e. 2 in this case —

Total dwellings with ~ Control sample; total the options of (1) dwelling
faults occurring, dwellings with faults ~ Affected total of received thermal retrofit work,
gefore & afftrer‘thermal occyrrilng,t for o dvye_llinglgs fron|1 ) or (2) dwelling did not receive
S ooy oficeny  sulripeied,  StaISISSMOS! gy thermal s o so
Observed (O) 60 16 76 one degree of freedom (n-1).
Expected (E) 63.44 12.56 76 The c? table obtained a critical
O-E -3.44 3.44 value of 3.84 for p = 0.05, and
(O-E)2 11.82 11.82 critical value of 0.004 for p =
(O-E)2/E 0.19 0.94 143 0.95. The calculated c? value is

=X petween these two values, so
the probability = 0.95 applies,

This means that on the whole there are no detrimental effects of retrofit insulation
improvement works when looking at this particular group of dwellings. However this is only
one small sample from a single stockholder housing association and as such cannot easily be
used to determine a definitive answer to the hypothesis raised. For this case the hypothesis is
therefore not proved by this data. Likewise it is not disproved either. What can be said is that
when retrofitting measures (which by effect reduce the permeability of the dwelling) have
taken place, there are still fault issues presented by occupiers relating to mould, moisture,
condensation and damp. The source of these requires further study.

Contributory reasons are argued to be moisture transferral: transferral of the site of occurrence
due to the particular process of retrofit steps, and the context to which this process is governed
by funding streams restricted to being specific to implementation of single measures. Likewise
ventilation and improved air tightness after insulation application are noted as causative. It is
observed a clear alternative is for thermal assessment to occur in each situation.

SUMMARY

This research has demonstrated that there are a number of areas of concern when retrofit
measures are applied to existing dwelling stock. However it is acknowledged that the initial
hypothesis can not be conclusively proven by the research data. Likewise it is not disproved
either, as the study demonstrated case studies of adverse moisture redistribution (and
condensation etc.) occurring after retrofits. What can be said is that when retrofitting measures,
which by effect reduce the permeability of the dwelling and alter the thermal balance, have
taken place, there are still fault issues presented by occupiers relating to mould, moisture,
condensation and damp. The causative source of these requires further study beyond the
current scope and limited time-scale available.

Studies have highlighted the importance of carrying out a full holistic analysis of the impact
that any improvement may have on a dwelling's whole house entire thermal envelope. It is
proposed that looking at the housing typology and doing thermal analysis prior to work being
carried out can assist in preventing issues as were identified in the case studies. Other issues
highlighted by this study have been the lack of comprehensive data collection and retention by
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housing stockholders. Further issues were inabilities to easily access older stock maintenance
records due to system migration. The prime issue discovered was that for most associations the
dwelling records of received improvements had no direct linkage at all to the maintenance
records, so reviews were not straightforward.

It is suggested that further review of how to successfully engage housing stockholders to carry
out thermal modelling and other detailed studies pre-retrofitting, which although may often be
seen to be unnecessary, complicated and costly; is proposed to have significant benefits by
avoiding later defects and giving least failure risk. Such risk based modelling analysis could
beneficially be enacted for any improvement work prior to implementation; and for housing
stockholder organisations, might be achievable by review of each specific typologies in the
specific situation occurring within their stock. Further large scale study is recommended to
assess this, and could be of great benefit to social housing stockholders, other private sector
housing providers, and by knowledge transfer, also to private home owners; if similar data
records could be obtained from a majority of the stockholders around the UK. This could then
cover a much larger sample size, and if representative of the overall UK dwelling stock mix
profiles, then this demonstrated methodology would be a good basis for a suitable extensive in-
depth research analysis which could review and investigate further the hypothesis proposed of
effects of retrofitted measures beyond energy efficiency.
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