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3. Other useful web links 
 

 

 Changeworks - Energy Heritage 
 
 

 Bath Preservation Trust and the Centre for Sustainable En-

ergy - Warmer Bath - A guide to improving energy effi-
ciency of traditional homes in the city of Bath 

 
 

 Westminster City Council - Retrofitting Historic Buildings 

 
 

 Historic England-Energy Efficiency and Historic Buildings-

Application of Part L of the Building Regulations to historic 
and traditionally constructed buildings 

 
 
 A Bristolian’s guide to Solid Wall Insulation 

 
 

 

 

https://www.changeworks.org.uk/resources/energy-heritage-a-guide-to-improving-energy-efficiency-in-traditional-and-historic-homes
http://www.cse.org.uk/downloads/file/warmer_bath_june2011.pdf
http://www.cse.org.uk/downloads/file/warmer_bath_june2011.pdf
http://www.cse.org.uk/downloads/file/warmer_bath_june2011.pdf
https://www.westminster.gov.uk/retrofitting-historic-buildings
https://historicengland.org.uk/images-books/publications/energy-efficiency-historic-buildings-ptl/
https://historicengland.org.uk/images-books/publications/energy-efficiency-historic-buildings-ptl/
https://historicengland.org.uk/images-books/publications/energy-efficiency-historic-buildings-ptl/
http://www.fourwalls-uk.com/bristolians-solid-wall-insulation-guide/


 

 

Camborne, Roskear and Tuckingmill Townscape Heritage Initia-

tives (THI’s) ran from  2008 to 2016.  They funded repairs and 
reinstated missing architectural detailing to 70 key historic build-

ings.  A programme of monitored energy saving initiatives were 
also funded by the THI’s.  Good practice methods of upgrading 
the thermal and acoustic performance of historical buildings were 

installed on buildings receiving grant aid. The performance of 
these methods were recorded by students from Cornwall Col-

lege’s BSc Renewable Energy and Carbon Management course.  
The results of the monitoring informed the production of the 
‘Improving Energy Efficiency in Historic Cornish Buildings’ guide 

and are summarised in this appendix to the guide.  The guide and 
appendices are referred to by Cornwall Council as part of pre ap-

plication responses to show how historic buildings can be upgrad-

ed sympathetically without damaging their character. 

 

The energy monitoring carried out included use of: 
 

 Remote temperature sensors fixed internally and externally. 
 

 Thermal imaging. 
 

 Acoustic monitoring equipment. 
 

Monitoring was conditioned on THI grant offers and involved: 
 

 1-2 week agreed monitoring period after completion of 
works and before occupancy of the building. This allowed 
monitoring to take place in even conditions. 

 

 12 month monitoring period to take account of seasonal 
change.  

 

 An interview/perceptions questionnaire for occupants at the 

end of the monitoring period.  
  

This appendix summarises the energy saving measures installed 

and the results of the monitoring carried out on them. 

1. Overview of monitored energy saving measures 
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2.1: The Former Clink and Parish Vestry 
  Church Lane, Camborne. 
 
The former Clink and Parish Vestry was repaired and converted 

into two community rooms in Spring 2011. 
 

A THI grant helped install a new dry laid Delabole scantle slate 
roof, reinstate windows and doors to the original design, repoint 

and re render the external walls in a lime based mortar, rebuild 
the chimney and fix new cast iron rainwater goods.   
 

The building was upgraded thermally by fixing wood fibre insula-
tion boards to internal walls.  The ‘Improving Energy Efficiency 

in Historic Cornish Buildings’ guide was used by the agent to 
specify the method of insulation.  

2. Monitored energy saving measures 

wood fibre insulation boards were fixed to internal walls 

After 

2 

Before 



 

 

2.2: 43 Cross Street, Camborne 
 
Cross Street News, Camborne was refurbished with a THI grant in the Summer of 
2010.  Funded works included a new wet laid Delabole scantle slate roof, rebuilt chim-

neys, new dental course, new cast aluminium gutters and downpipes, a new traditional 
shopfront, reinstated bay window to the original design and a new  reinstated clock. 

 
Secondary glazing was installed to the single glazed windows of the first floor living 
accommodation. The secondary glazing had one over one glass panes which slid verti-

cally in the same way as the vertical sliding sash window it was fixed to.  Opening both 
the secondary glazing and external window in the same way helped reduce condensa-

tion. The secondary glazing was fixed by a magnetic strip and could be easily removed 
for cleaning. Thermal and acoustic performance of the building was dramatically im-
proved without affecting the character of the building.  The refurbishment received a 

Cornwall Buildings Group Award in 2011. 

2. Monitored energy saving measures 

Interior views of secondary glazing 
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Before After 



 

 

2.3: No 3 Penlu, Tuckingmill 

 
The building was refurbished with a THI grant in Spring 2011. UPVC windows were 
replaced with 12 pane single glazed vertical sliding sash windows to the original de-
sign.  Original internal shutters to the ground floor still remained and were refur-

bished.  Shutters to the first floor windows were missing and were replaced with 

new draught proofed timber shutters to the original design. 
 

The performance of the shutters as an energy saving measure were monitored and 

results are summarised in the following pages.  

New draught proofed internal timber shutters  
to three first floor windows 

Refurbished internal timber shutters to three ground floor windows 
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2. Monitored energy saving measures 

After 

Before 



 

 

2.3:  No 3 Penlu, Tuckingmill 

 
Internally and externally fixed remote temperature sensors 
and thermal imaging cameras were used to monitor the ther-
mal efficiency of draught proofed and non draught proofed tim-

ber shutters on the property.   

The thermal image to the right was taken in March 2012 with 
the two left hand shutters ajar, the top middle one fully open 

and the other three shut.  

The monitoring results show that the shutters make a differ-

ence of 1°C to the external surface temperature 

2. Monitored energy saving measures 
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Image of remote temperature  

sensor installed over doorway. 

2.3: No 3 Penlu, Tuckingmill 

 
A study of internal and external temperature readings over an extended period in 2011 shows that if the shutters are closed       
overnight then the internal temperature falls by 0.5 -1°C less than if the shutters are not closed. This implies a reduction of 5-10% 
of the annual heat loss from the house and therefore a 5-10% reduction in energy bills – probably nearer to 5% since not all areas of 

the house will be so directly affected. 

Further analysis of the data will point to differences in performance of the different shutter designs and a consideration of the role 

that shutters can play in cooling during hot weather.  

2. Monitored energy saving measures 
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5 first floor ‘Slimlite’ timber vertical sliding sash windows to original design 

4 ground floor ‘Slenderglaze’ timber vertical sliding sash windows reinstated to original 

design (2 Bay windows and 2 vertical sliding sash windows).  

2.4:  No 27 Basset Road, Camborne 
 

This vacant fire damaged building was refurbished with a THI grant in Summer 

2011.  The THI funded reinstatement of 12 pane timber sash windows and sur-
rounds based on the original design. The 12 windows were glazed with two dif-

ferent types of slim double glazing (‘Slenderglaze’ to the Ground Floor and 

‘Slimlite’ to the First Floor). 

This provided an opportunity to compare the visual appearance and thermal 
performance of slim double glazed units at the front with conventional timber 

double glazed windows at the rear. Remote temperature sensors were installed 
in the property by Cornwall College to monitor the performance of the windows 

and monitoring is progressing. 

2. Monitored energy saving measures 

Interior view of slim double glazed Bay window 
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Before 



 

 

2.4:  No 27 Basset Road, Camborne  (External views of slim double glazed Bay windows) 

2. Monitored energy saving measures 
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2.4:  No 27 Basset Road, Camborne 
 
The thermal image below on the right shows how simple measures can impact on heat loss. The left hand ground floor bay window 

has flat heavy curtains which are closed.  All other units apart from the ones on the top right were occupied but had either no curtains 

or thin net curtains.  The heat loss from the bay window with curtains is much less than the one without curtains.  

2. Monitored energy saving measures 



 

 

2.5: No 2 Trelawney Road, Camborne 
 

A THI grant funded the repair and restoration of original single 

glazed sash windows and rainwater goods to the front and rear 
elevations of this property. Original windows and doors were 
repaired through a combination of traditional repairs and a res-

in repair system.   

Thermal blinds are intended to be installed internally at this 
property and will be monitored with results being fed back into 

the Improving Energy efficiency of Cornish Historic Buildings 
guide.  Details of available thermal blinds are shown on the fol-

lowing page. 

Before After 

Resin repairs 

2. Monitored energy saving measures 
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2.5: Thermal Roman blind from the  
  Thermal Blind Co. 
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2. Monitored energy saving measures 



 

 

2.6: Former Holman’s No. 3 Works, Trevu Road, Camborne 
The former Holman’s No 3 engineering works  produced rock drills and engineering equipment for local tin and copper mining. It is 

an historically important site within Camborne and the Cornwall and West Devon Mining Landscape World Heritage Site.  The site 

was developed to create affordable housing by converting existing historic buildings and building new units with an industrial feel.  

A THI grant helped renovate seven historic buildings on the site. The THI-funded works included various measures installed to sym-
pathetically improve the thermal and acoustic performance of traditional single glazed windows.  These measures were installed on 

four historic buildings that were subdivided into separate units and situated next to a busy road and a railway line. Two of the build-
ings adjoined each other on the same street and gave a unique opportunity to visually compare the different measures as well as 

comparing the thermal and acoustic performance of each measure.  Performance monitoring was carried out by Cornwall College 

students and results of this monitoring fed in to the ‘Improving Energy Efficiency in Cornish Historic Buildings’ guide. 

Unit E (lettering 

reinstatement) 

Unit D 

Unit C Unit K 

Burgess Foundry Wall 

Sara’s Foundry Wall 

Unit J 

2. Monitored energy saving measures 
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2. Monitored energy saving measures 

Unit ‘D’, Trevu Road before works Unit ‘E’, Trevu Road before works Unit ‘C’, Trevu Road before works 

Completed Trevu Road elevation with combinations of draught proofing, secondary glazing, internal shutters and slim 

double glazing to windows. 
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2.6: Former Holman’s No. 3 Works, Trevu Road, Camborne 



 

 

2. Monitored energy saving measures 

Former Public Rooms (Unit ‘K’ ) before works 

Former Public Rooms (Unit ‘K’) after works 

14 

2.6: Former Holman’s No. 3 Works, Trevu Road, Camborne 



 

 

2. Monitored energy saving measures 

Sara’s Foundry Wall prior to works 

Sara’s Foundry Wall after works 
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2.6: Former Holman’s No. 3 Works, Trevu Road, Camborne 



 

 

2. Monitored energy saving measures 

Sara’s Foundry and Burgess Foundry walls after works 

Sara’s Foundry wall prior to works Burgess Foundry wall prior to works 

16 

2.6: Former Holman’s No. 3 Works, Trevu Road, Camborne 



 

 

2.6: Unit ‘C’ Former Holman’s No. 3 Works Trevu Road, Camborne  

Drawings by Lilly Lewarne Practice Chartered Architects 

2. Monitored energy saving measures 

Before After 
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2.6: Unit ‘C’ Former Holman’s No. 3 Works, Trevu Road, Camborne  

2. Monitored energy saving measures 
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Before 
 

Sheepswool insulation 

to roof 
 

2 draught proofed single 

glazed windows with  
internal shutters 
 

5 draught proofed single 

glazed windows with  
thermal shutters 
 

2 draught proofed single 

glazed windows  

 

3 Single glazed windows 

with secondary glazing  

 

Insulation between  

first floor timber joists  
inserted from above floor  
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2. Monitored energy saving measures 

2.6: New timber shutters (conventional and thermal) at Unit ‘C’ Former Holman’s No. 3  
  Works, Trevu Road, Camborne 



 

 

2.6: Unit ‘D’ Former Holman’s No. 3 Works Trevu Road, Camborne 

Drawings by Lilly Lewarne Practice Chartered Architects. 

Before After 

2. Monitored energy saving measures 
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Before 
 

2.6: Unit ‘D’ Former Holman’s No. 3 Works Trevu Road, Camborne 

2. Monitored energy saving measures 
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Sheepswool  

insulation to roof 

 

Double hung vertical 

sliding sash windows 
to original details 

with slim double 
glazing 

 

Draught proofing to 

doors 



 

 

Drawings by Lilly Lewarne Practice Chartered Architects. Unit J – Slimlite glazing 

Site visit with Cornwall College 

2.6: Unit ‘J’ Former Holman’s No. 3 Works, Trevu Road, Camborne 

2. Monitored energy saving measures 
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2.6: Unit ’J’ Former Holman’s No. 3 Works, Trevu Road, Camborne 

2. Monitored energy saving measures 
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Draught proofed single 

glazed windows with ther-
mal shutters (2 first floor, 1 

ground floor) 

 

Single glazed windows with 

secondary glazing (3 first 
floor, 2 ground floor) 

Slim double glazed  

windows (7 first floor, 5 
ground floor) 

 

Sheeps wool insulation to roof 



 

 

2. Monitored energy saving measures 
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Windows in Unit ‘J’ are a combination of draught proofed 
single glazing (some with secondary glazing and some with 

internal timber shutters )and slim double glazing. 

Slim double glazing 

Slim double glazing 

Draught proofed single 
glazed windows with  

secondary glazing 

Draught proofed single glazing with 
shutters 

2.6: Unit ’J’ Former Holman’s No. 3  
  Works, Trevu Road, Camborne 



 

 

2. Monitored energy saving measures  
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2.6  Results of energy saving monitoring at 
   former Holman’s No. 3 Works, Trevu  
  Road, Camborne 
 
 

Performance monitoring was carried out to assess the effectiveness 
of the THI funded energy saving measures installed to the units.  
Monitoring was carried out with remote temperature sensors and 

thermal imaging cameras. 
 

The remote temperature sensors were strategically placed in Units 
C, D and J and monitoring was carried out after completion of the 

works but before occupancy of any of the units. 
 

The results of the sensors must be interpreted with caution, since 

the units are not fully controlled environments and a number of   
factors are at play. However, by comparing results on the same day 

in the same property, but in different rooms where different window 
units were used, a meaningful comparison becomes possible.  This 
is particularly the case when the results are compared with images 

from an infra-red camera and with the subjective perceptions of the 
occupants.  
 

The units tested had the following glazing unit specifications: 
 

 Single glazing with draught proofing 
 

 Single glazing with secondary glazing 
 

 Single glazing with thermal shutters 
 

 Slimlite double glazing 
 

The remote temperature sensors are the size of calculator batteries 
and were left unobtrusively over door frames in various rooms of 

the units.  Temperatures were recorded every 10 minutes over peri-
ods of several weeks. The data was collected readily in minutes and 
interpreted using a spreadsheet.  
 

This work was carried out by staff and students from the Science 

Department of Cornwall College Camborne (Dr. Michael Hunt, Keith 
Dingley and student Will Segal). 



 

 

2. Monitored energy saving measures 

 

Summary of Residents feedback from  
questionnaires  
 

 Residents were generally satisfied with the performance of 

their windows. 
 

 All windows and shutters were thought easy to open and 
no one seemed to have any problems with the locking bar 

for the shutters. 
 

 Residents thought it was easy to keep properties comforta-

bly warm when heated and cool in Summer. 
 

 Traffic noise was not found to be problem in any of the 
units. 

 

 No problems with draughts in any of the windows. 
 

 Reports of small areas of condensation on some windows. 

The graph above uses data taken over the summer and shows 

the effectiveness of glazing units in preventing overheating due 
to direct sunlight. 
 

The figures in the graph show the temperature variation over a 

two day period in the three adjacent units of Unit J, all part of 
one terraced property with similar construction throughout,  
differing only in the glazing units. The outside temperature is 

shown for comparison. 

2.6: Results of monitoring 
 

Results showed a peak reduction in temperature rise of about 

30% compared to single glazing.  If this is reduced to an aver-
age temperature rise difference of about 15% it could mean 

15% reductions in space heating or cooling bills. This means  
likely cost savings of over £100 a year for many householders. 
 

Cost saving aside, there is a clear comfort benefit from the use 
of secondary glazing that is demonstrated by this data. The    

temperature swings of a property are dramatically reduced due 
to heating from direct sunlight. The same would apply in re-

verse in cold weather. 
 

The Slimlite glazing must also bring cost and comfort benefits, 

since temperature swings last about half as long as they do in a 
similar room that is singly glazed. 
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2. Monitored energy saving measures 
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2.6: Effect of addition of shutters to draught proofed single glazing to Unit ‘C’ 
 

Use of shutters reduced the internal temperature fall over a night time closure period of 9-10 hours by about  20%, or by 1 °C where 

the temperature fall had been  5 °C, to 4 °C. This one degree temperature difference could make as much as 10% difference to a 

heating bill over a year. 



 

 

2. Monitored energy saving measures 
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2.6: Effect of draught proofing on single glazing to Unit ‘C’ ground floors 
 

Comparison of temperature profiles in the adjacent ground floors of the dwellings in Unit C shows little difference in absolute                   

temperature changes over any given period, but the dwelling with draught proofed windows showed a slower temperature reduction 

once the windows were no longer in direct sun. 



 

 

2. Monitored energy saving measures 
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2.6:  Slimlite double glazing compared to draught proofed single glazing 
 

A comparison was made of the temperature profiles of two of the flats in Unit D, both of which had Slimlite double glazing, with that of 
the ground floor dwelling in Unit C with single glazed, draught proofed windows.  Results show that there were substantially lower 
temperature fluctuations in these flats than in the Unit C dwelling, as shown below. Temperatures fell overnight by about 3 °C or less , 

compared to 5 °C in the single glazed dwelling, which had the same aspect, and otherwise similar thermal specification. 

If this temperature difference were replicated over a six month heating period that would make a difference of 15-20% to an annual 

heating bill. 



 

 

2. Monitored energy saving measures 

2.6:  Acoustic Monitoring 
 

Noise monitoring was carried out on Units C and D of the con-
verted historic buildings fronting Trevu Road at the former 

Holman’s No.3 Engineering Works, Camborne in June 2012. The 
noise  monitoring was carried out by Eddie Jewell Acoustics on 

the      following: 
 

 Single glazing with draught proofing 

 Single glazing with secondary glazing 

 Single glazing with thermal shutters 

 Slim double glazing 

This complemented the energy monitoring work carried out on 
the same buildings. The Holman’s site provided a good opportuni-

ty for noise monitoring as selected buildings were on a busy road 
near the railway station. Traffic also stopped in front of properties 

when railway barriers were closed as can be seen on the photo-
graph  below.   
 

Methodology 
 

Monitoring was carried out using a Bruel and Kjaer 2250 sound 
monitoring device. Measurements were in accordance with the El-

ement Road Traffic Method (ISO140-5:1998). 
 

Noise monitoring being carried out by Antony Best (Eddie Jewell 

Acoustics) and students from Cornwall College’s BSc Renewable 
Energy and Carbon Management course. 
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2. Monitored energy saving measures 

2.6: Acoustic Monitoring results Specification R’w R’w+C R’w+Ctr 

Single glazing 

with draught 
proofing 

29 27 26 

Single glazing 

with secondary 

glazing 

39 36 30 

Single glazing 

with thermal 

shutters 

32 30 28 

Slim double 

glazing 
29 28 26 

Typical double    

glazing 
  31 

Typical single 

glazed window 
  24 

In simple terms the higher the figures in the table above the 

better the noise performance. Key findings from the monitor-
ing were: 

 
 Secondary glazing and thermal shutters performed well and 

results were comparable to the performance of double   

glazing.  
 

 Draught proofed single glazing results were comparable to 

slim double glazing. 
 

 Draught proofing provided a significant increase to the 

noise performance of single glazed windows.  

Noise monitoring in progress at Trevu Road, Camborne 
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2. Monitored energy saving measures 

2.7: Roswarne House stable block  
  conversion, Camborne 
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2. Monitored energy saving measures 

Cottage A:  Rigid non permeable PIR Foam Insulation 

Cottage B: Wood Fibre Board/Clay Plaster 

Roof:  Rigid Wood Wool roof boards 

Cottage C: Eco Cork Cottage D: Cork Board 

60mm insulation used on internal walls and 20mm on window reveals to prevent cold bridging 

2.7: Roswarne House stable block conversion, Camborne 
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2. Monitored energy saving measures 

A retrofitted building’s thermal per-

formance will usually be worse than 
that of a new building leading to 
higher in use energy and emissions. 
 
Monitoring results for the Roswarne 
stable block conversion were ana-
lysed using the calculations on the 
right.  They determined to what ex-
tent this is mitigated by the lower 
embodied energy and carbon of the 
retrofit and how this is affected by 

choice of materials. 
 
The analysis assessed:  
 
 Whether breathable internal in-

sulation effectively increases the 
thermal performance of  solid 
walls, reduces damp problems 
and maintains good air quality. 

 

 How the life cycle impact of  a 
retrofitted historic building com-
pares to demolishing and build-
ing new. 

To determine in-use energy and emissions: 

Use dynamic single thermal mass model 

2.7: Roswarne House stable block conversion- monitoring methodology 
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2. Monitored energy saving measures 

R was used to model the 

time-variation of heat 

flow, using a maximum 

likelihood estimation to 

find best fit values of R1  

Wall U-value (WK
-1

m
-

2
) 

 Estimate 

using 

Steady 

State 
Model 

Measured , 

using 

Dynamic 

Model 

A 0.31 – 0.34 0.34 

D 
0.74 to 

0.94 
0.39 

Left panels show interior and exterior 

wall surface temperatures of the two 

retrofitted cottages A and D. 

Right panels show modelled (green) 

and measured (grey) heat fluxes 

through the walls of these units 

2.7: Roswarne House stable block conversion—U value results 

35 



 

 

2. Monitored energy saving measures 

An estimate of embodied  

energy and in-use carbon 
energy was carried out 
Using a simplified SAP 
and a Bath Inventory of 
Carbon and Energy. 

 
Cottages A (rigid non 
permeable PIR) and D 
(breathable cork board) 
were compared with a 
new building. 
 
It was assumed 
(Moncaster and Symons) 
that demolition accounted 
for 21% embodied carbon 
and 5% embodied energy 

Results concluded that when the dynamic nature of heat flow through the thick solid walls is taken into 
account, lifetime carbon emissions of the retrofitted cottages were comparable to those of the new build, 
even for cottage D where a less thermally insulated cork layer was used. 
 
When used with secondary glazing, energy and carbon emissions performance with low impact materials 
can be less than with modern materials in thick walled buildings. 

2.7: Roswarne House stable block conversion- Lifetime energy and carbon results 
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2. Monitored energy saving measures 

 The dynamic nature of heat flow through the thick solid walls show that lifetime carbon emissions of 

the retrofitted cottages are comparable to those of the new build, even for cottage D where a less 
thermally insulating cork layer was used.  Using this dynamic treatment significantly reduces lifetime 
emission estimates. 

 

 When it included secondary glazing, the natural material retrofit gave annual lifetime carbon 

emissions that were lower than the modern material or new build options. 
 

 Further the natural product retrofit has scope to achieve lower emissions than either the modern 

material or new build options if space and water heating were switched to an electronic form. This ios 
because the carbon intensity of electricity in coming decades is expected to reduce. 

 

 These results confirm that U-values used for solid walled buildings in SAP energy performance 

calculations and in Building Regulations may well be too high, so that energy usage and emissions of 
these buildings is overestimated. Breathable insulation is essential to a solid walled buildings long 
term survival and all breathable internal insulation monitored worked effectively.  All results so far are 
being shared with Council Building Control Officers. 

 

 Cork boards and plasters used in Cottage D, as well as all roofing slates were imported from Portugal 

and Spain.  Carbon intensities supplied by DE-FRA show that the additional transport emissions due 
to this distance of travel are less than 1% of the lifetime building emissions, and thus are not a major 
consideration. 

 

 Air quality measurements carried out so far are inconclusive but monitoring will continue when 

cottages are occupied.  These will include an analysis of glues, binding agents and paints and 
dissipation of gasses given off by materials over time.  Thermography studies are also now underway. 

 

2.7: Roswarne House stable block conversion- Overall Conclusions 
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