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Abstract 
There are about 368,923 listed homes in the UK, of which 340,000 are Grade II. This study aims at seeking energy 
efficient refurbishment of a grade II listed Victorian House. Qualitative aspect of the study consists of 
understanding Victorian House design and comfort. Quantitative aspect comprises of lighting, ventilation and 
thermal comfort analysis. Thermal analysis was done for pre-base, base and proposed cases. Pre-base case deals 
with the design and performance of the house during the Victorian period, base case focuses on its current 
thermal performance and proposed case talks about the energy efficient retrofit proposals. The findings suggest 
that the house performed better in the pre-base case than in the base case. However, with proposed step-wise 
improvements of the thermal envelope the house can perform better without making any changes in the 
exterior envelope as it is a Grade II listed property. 
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1. Introduction 
A building with special architectural and historic interest, which requires attention from 
planning system for its protection, is considered as a listed building (Listed buildings, 2015). 
Ninety-two per cent of all listed buildings fall under Grade II category. Grade II buildings are 
of special interest which cannot be altered from the outside however, internal refurbishment 
is possible without hampering the original character of the building.  

Kenilworth House is a Grade II listed Victorian property located in Park Estate, Nottingham. 
The Park Estate is a conservation area adjacent to Nottingham Castle. It has a population of 
about 1,900 with mostly residential development (Mulcahy, 2007). The area comprises of two 
categories of houses – houses built pre-1919 and houses built post-1919. 

2. Research context and Methodology 
Kenilworth House is a semi-detached Victorian House built in 1888 on a former fishpond 
gardens. (Figure 2). The house epitomises late Victorian domestic revival architectural style 
with red brick façade and tile hung gables. Decorative tile string courses and sills with 
elaborate shaped brick lintel and under sill panels adds to the intricate detailing done during 
the Victorian period (The Nottingham Park Houses, 2015).  

The original house plan had an entrance lobby in the South-East side which acted as a thermal 
buffer (Figure 1a). All the rooms in the house had a fireplace, most of which are currently 
inoperable. Only the fireplace in living room is used occasionally during cold days of January 
and February. At present, the entrance lobby in the South-East is no longer there and the 
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entry to the house is from the kitchen. As a result, kitchen is a major source of heat loss in the 
house (Figure 1b). Owners of the house have come up with a solution for this problem by 
converting the kitchen into an entrance lobby. Consequently, dining room would function as 
kitchen and living room would function as dining room by using parlour in lower ground floor 
as living room (Figure 1c). This could be beneficial for the thermal performance of the house 
as it would help in minimising heat loss. For this study kitchen, living room and master 
bedroom (above living room) according to the current building plan, is taken into 
consideration.                                     

                                                 
Figure 1a: original ground floor, 1b:current ground floor, 1c:proposed ground floor, Figure 2: south-east view 

This research aims at seeking an energy efficient retrofit solution without any impact on the 
external building envelope. Research questions developed during the course of study are (i) 
Do we use our Victorian House wrongly? (ii) How can we make Victorian House more energy 
efficient without losing its original character? 

2.1 Victorian House design and comfort 
Typical features of a Victorian house consists of bay window, stained glass detailing, steep 
roofs, fancy shingles, Flemish bond brickwork, suspended timber flooring and balconies. One 
of the typical features which has positive as well as negative effect on the comfort level is 
suspended timber flooring system. The idea of suspended timber flooring was created to 
provide ventilation and prevent mould development (Figure 3, left). It had some health 
benefits as it helped in avoiding termites and other pests. The only drawback was that, 
ventilation grilles present on the lower part of the wall acted as a source of heat loss (Figure 
3, right). Walls were generally made of Flemish Bond with high thermal mass which has the 
ability to store and release heat over time. It helped in moderating temperature fluctuation 
however, it was a slow process. 

  
Figure 3: Detail of suspended timber flooring (left). Image source: Evolution of building elements (2009),   

ventilation grilles on lower ground floor façade of Kenilworth House (right) 

As a result of abolition of window tax in 1851, big windows became prevalent in design. Bay 
windows became common as it helped in increasing the daylighting level of the rooms. A form 
of window decoration called “Vitremanie” was applied to glass “to exclude unpleasant views 
seen through staircase or other windows.” (Yorke, 2010). Several layers of protection was 
applied to a window. The outer layer nearest to the window was usually a venetian blind 
followed by a middle layer of lace or muslin to keep away dust and avoid glare in the room. 



Inner layer consisted of heavy curtains. (Yorke, 2010). Shutters were used for security purpose 
which provided further protection from the temperature outside. Chimney was the only 
source of heat which helped in making the room temperature more bearable during winter 
days.  

2.2 Lighting 
On-site daylighting measurements were taken under a varying sky condition from sunny to 
overcast sky. A multi-meter was used to measure the lux levels on working plane level on grid 
points marked in the rooms. Measurements were taken in living room, dining room and 
kitchen. Daylight factor achieved were 9.9%, 6.8% and 5.6% respectively, which satisfy the 
benchmark provided by CIBSE Guide A.  

2.3 Ventilation 
An initial rule of thumb test was done to check single-sided ventilation in living room and 
dining room. For this purpose the maximum room depth compared to its height and 
percentage of opening area were taken into consideration. The results showed that single-
sided ventilation works in both living room as well as dining room. An air quality monitoring 
device was kept in the living room which measures temperature, humidity, carbon dioxide 
emission and volatile compounds in the room. Two days in the month of March were 
compared to see the variation in the level of carbon dioxide produced in the room. First day 
was a Mother’s day so the owners had guests invited in the house in the afternoon whereas, 
second day was a regular week day in the house when owners were away from the house 
during day time.  It is observed that except from 1 pm to 8 pm on the 6th of March the level 
of CO2 is maintained within the recommended level of CO2 in a liveable space which is 1000 
ppm as recommended by CIBSE Guide A. The upward shift in CO2 emission during the day 
time is caused due to the increase in occupancy level in the room. However, on the 8th of 
March which is a regular week day the CO2 emission is within the recommended level 
throughout the day with a constant low level during the day time and increase in the night 
time when heating is switched on and the living room is occupied (Figure 4). 

 
Figure 4: Carbon dioxide emission in living room 

2.4 Thermal 
Tiny tags were used to perform on-site temperature monitoring. Temperature variations in 
rooms were compared along with the external temperature which was measured in the 
Creative Energy Homes from February 16th to March 16th. It was observed that the 
temperature in kitchen was lower in comparison to living and master bedroom (Figure 5). 
Thermographic images were taken to identify leaky surfaces in the house. It was observed 
that a huge amount of heat was lost through ventilation grilles at the lower ground floor, bay 
windows and kitchen door. (Figure 6). 



         
                             Figure 5: Internal and external temperature variation                 Figure 6: thermographic images 

Thermal simulation was carried out for three different cases – pre-base case, base case and 
proposed case, where proposed case had three sub-divisions – case 1, case 2 and case 3.  
Case scenarios: 
Pre-base case (Victorian period): As built in 1888, solid wall construction with uninsulated 
suspended timber flooring (U- value: 0.6 W/m²K), and single glazed timber frame window 
with a protection layer of heavy curtains (overall U-value: 2.9 W/m²K). The windows were 
fully openable. Simulation assumptions: heating system used was open fire and high 
occupancy with gas lighting.  
Base case (Current condition): House in present condition with same construction details as 
pre-base case with a change in openable area of windows. Window in living room and master 
bedroom is only 40.3% openable and in kitchen it is 50% openable. There is no protection 
layer to the window only light curtains are used at present so the window U-value is 4.8 
W/m²K. Simulation assumptions: heating system used in the house is central heating radiator 
with occasional use of open fire in living room during cold days in the month of January and 
February and lower occupancy level with electric lighting. 
Case 1 (First proposal): The building envelop and simulation assumptions are kept as in base 
case with just a variation in windows. Double glazing window of U-value 2.7 W/m²K is used.  
Case 2 (Second proposal): Building envelope and simulation assumptions are kept as in base 
case with a variation in windows. Secondary glazing is used fitted at a gap of 100mm from the 
existing pane changing the U-value to 2.8 W/m²K.  
Case 3 (Third proposal): Building envelope and simulation assumptions are kept as in case 2 
with an insulation provided to the floor. Batt insulation, a breathable insulation layer of 220 
mm thickness is used which helps in achieving a U-value of 0.2 W/m²K, without disturbing the 
traditional building construction system. 

There were two major conditions under which simulations were carried out. Under first 
condition, the house is assumed to be free running without any heating or ventilation. In 
second condition, heating is on in winter and windows are opened as required in summer to 
encourage natural ventilation. All five cases were simulated under these two conditions. Pre-
base case and base case were further simulated under the second condition by keeping the 
simulation assumptions same i.e. same heating system and internal gains. 

In the annual calendar, months from January to April and October to December were defined 
as winter. Months from May to September were defined as summer. Daily profiles were set 
according to the frequency of occupancy in a room which were different during the pre-base 
case and the base case. Internal gains were considered according to the pattern of room 
occupancy. In pre-base case and base case, infiltration rate was taken as 0.5 ach. In case 1, 
due to the effect of double glazing it is changed to 0.3 ach. In case 2, the infiltration rate is 



taken as 0.4 ach as secondary glazing is not considered to have much airtight effect in the 
room. In case 3, as floor insulation is added to secondary glazing, the infiltration rate is 
assumed as 0.2ach. 

3. Analysis of Results 
3.1 Daylighting analysis 
A further analysis is done to compare the illuminance level in the pre base and base case, as 
the interior condition of living room in the two cases are quite different. In the pre-base case, 
the interior walls were covered with dark green wall paper having a reflectance of 16%. 
Whereas, in the base case, walls are light coloured with a reflectance of 74%. Simulation was 
carried out under overcast sky condition. Figure 7 shows the illuminance level in living room 
at equinox 12pm. According to the CIBSE Guide A, the recommended lux level in a living room 
is 50 – 300 lux. The area in green colour indicates surface area under the threshold level, 
which is 50 lux. 

    
Figure 7: Illuminance distribution in living room in pre-base case (left), Illuminance distribution in living room in 

base case (right) 

Comparing the two results, it is observed that the daylighting level in pre-base case is lower 
than in base case. Changing the wall colour has helped in increasing the spatial quality of 
space. 

3.2 Thermal simulation 
Without heating or ventilation, the temperature in coldest week does not fall in the range of 
CIBSE Guide A recommended winter operable temperature. However, the winter 
temperature in pre-base case is higher than in base case making it comparatively comfortable 
(Figure 8).  

With heating and ventilation in hottest week, the lowest temperature as well as the highest 
temperature was observed in kitchen in the base case. The temperature was fluctuating more 
in the base case and the pre-base as compared to case 1 – 3. Similar temperature pattern was 
observed in living room and master bedroom. In the coldest week, the highest temperature 
was observed in case 3, and lowest in pre-base case. (Figure 9). 

 
Figure 8: Temperature variation in coldest week in living   Figure 9: Temperature variation in kitchen in coldest 
week room without heating or ventilation                              with heating in winter and ventilation in summer 



Since, the simulation assumptions are different in the pre-base and base case. A further 
analysis is done with heating and ventilation by keeping the assumptions same. Hence, the 
heating system and internal gain is kept same for both the cases. Consequently, it is observed 
that heating load in pre-base is lower than in base case with same simulation assumptions. 

Table 1: Table showing percentage of time in operable temperature when there is heating in winter and 
ventilation in summer 

 

4. Conclusion 
Due to the way of treating rooms in Victorian period, the overall U-value of window was 
decreased which contributed in pushing up the temperature in winter. As a result the pre-
base case performed better thermally than the base case without heating or ventilation. 
Whereas, with heating and ventilation the base case seems to perform better than the pre-
base case as the heating system in the base case is more efficient. Nevertheless, with 
improvements in thermal envelope, the percentage of time spent in operable range of 
temperature has increased from 15.7% in pre-base case to 29% in case 3 on an average. 

It can be concluded that Victorian’s lifestyle contributed towards increasing the thermal 
performance of the house though, it lacked in maintaining thermal comfort. House in the 
present case can perform better by incorporating suggested design changes along with 
thermal envelope improvement. Although, the proposed cases do not provide with an 
optimum solution, it improves the thermal performance compared to the present scenario. 
The proposed changes also complies with the regulations of Grade II listed buildings as no 
changes are made externally and the original character of the house is maintained.  

Furthermore, from economic point of view, the chosen case which is case 3 should be more 
favourable as secondary glazing is more reasonable in price as compared to double glazing. It 
is also easy to install and handle. 
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