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Abstract. The town of Kiruna, founded in 1900 in the northernmost part of Swe-
den, is nowadays in the middle of an impressive urban transformation: due to the 
impacts of mining activities a large part of the city center has to be moved or 
rebuilt. Among the buildings to be moved and kept in use are some of the so-
called ‘Bläckhorn’ timber houses, designed by Gustaf Wickman in the early 20th 
century as residential units for the workers of the mining company LKAB and 
part of the original core of Kiruna. This has raised several questions on the sus-
tainability of renovating historic buildings in a sub-arctic climate. In order to ex-
plore the challenge of increasing the energy efficiency of the Bläckhorn houses, 
data on their constructional and historical features as well as their thermal and 
energy performance have been collected.  
The paper addresses the following issues: 

- Historic buildings are often blamed for their poor energy efficiency without 
considering their usually high constructional quality. What do we know about the 
real performances of these buildings? 

- Energy retrofits in non-monumental and inhabited historic buildings are of-
ten guided by practical and operational needs rather than by their heritage signif-
icance. Can a value-based approach affect the improvement of energy efficiency? 

- In a subarctic climate, even simple interventions can help to save a consid-
erable amount of energy in historic buildings. To which extent the energy perfor-
mances of the Bläckhorn houses could be increased without affecting their herit-
age values? 

Keywords: Energy Efficiency, Historic Buildings, Cultural Heritage Values. 

1 Introduction 

In 2004, the city administration of Kiruna announced the need to move a significant 
part of the town in order to allow Luossavaara-Kirunavaara AB (LKAB) to continue 
mining the rich iron ore deposits in the area. The subsidence caused by mining activities 
was expected to affect the original core of Kiruna, founded in 1900 in the northernmost 
part of Sweden as LKAB’s company town. Many of the buildings affected are officially 
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protected for their recognized cultural significance. An agreement between LKAB and 
the local authority of Kiruna will allow some of them to be moved, preserved and kept 
in use. This has raised a rather controversial discussion about the urban transformation 
of Kiruna and the future of its built heritage (RAA 2008, Sjöholm 2016). 

Among the buildings to be moved are the so-called Bläckhorn timber houses, built 
in the early 20th century as residential units for the workers of the mining company. 
They have been chosen as a case study within which the challenge of increasing the 
energy efficiency of heritage buildings is explored.  

Existing buildings, in particular the oldest ones, are often blamed for their poor en-
ergy performances. Insulation standards in the years of construction of the Bläckhorn 
houses (1900s) were low, which has a major impact on their heating energy use, espe-
cially in Kiruna’s cold climate and considering that these houses were not designed for 
our contemporary thermal comfort levels. 

A study by Johansson et al. (2016) has shown that Kiruna would be able to meet the 
Swedish national energy reduction target by 2050 thanks just to the transformation of 
the existing building stock, but only by replacing all the buildings affected by subsid-
ence with new ones with passive-house standard. On the other hand, the heritage build-
ings to be moved have been exempted from meeting the present-day building require-
ments for energy efficiency. 

The aim of this study is thus to understand to which extent the energy performances 
of the Bläckhorn houses could be increased without affecting their heritage values. Data 
on their constructional and historical features, on their thermal behavior and energy use 
are here presented and discussed. 

2 The Bläckhorn Houses as part of Kiruna’s built heritage 

The “Bläckhorn” houses were named after their shape, which resembles an inkwell. 
They were designed as multifamily residential units for the workers of the LKAB by 
the architect Gustaf Wickman and they embody many of those typical construction fea-
tures which have been described as “Kiruna style” (Bedoire 1974, Brunnström 1981). 

The houses adopted a six-rooms layout, with two double-room apartments in the 
bottom floor and two single-room apartments in the attic. Four different variants of 
Bläckhorn houses were identified among the around 50 surviving buildings 
(Brunnström 1981): one variant with brick masonry (1901), a timber one with two en-
trances (1901-1904) and two more with four entrances (1904-7 and 1907-9). 

This study focuses on the houses identified as B52 and B53, which belong to the 
first timber variant and were among the first Bläckhorn houses to be built. They were 
also among the first ones to be moved to their new location in the summer 2017.  

The B52 and B53 houses are part of a designated area of national interest (RAÄ 
2010). The cultural values of these buildings have been officially described as follows:  
“[They] are characteristic buildings for Kiruna, and the oldest of its kind with many 
followers. The buildings are of high architectural and building-technical quality and 
relatively in good conditions, which contributes to very high cultural values.” […] “The 
cultural values of the buildings are primarily in the general historical context, with the 



3 

link to Kiruna's oldest epoch, its genesis and build-up to become a regional and national 
economy, thriving to be a coherent symbiosis between industry and society.” (Joseph 
2010 – translated from Swedish). 

Over the years, many changes have occurred. Already before the 1940s, the entrance 
porches were replaced by closed vestibules and some originally unheated spaces were 
transformed to heated living spaces on both floors. Furthermore, the inner layout 
changed and the original four small and modest apartments were merged to obtain two 
larger ones. In the following years, windows and doors were replaced, while the exter-
nal timber paneling has been subjected to maintenance interventions. B52 was moved 
already in the 1960s and a heated basement in concrete was built in the new location. 

Also the heating systems have been updated; the original fireplaces were substituted 
by radiators and nowadays the energy for space heating is exclusively supplied by Ki-
runa’s district heating system.  

Despite that both buildings were included in the research project, the analyses pre-
sented in this paper will focus on house B52 because, compared to the measurement 
data of B53, those collected for this building are of better quality (more continuous in 
time and more representative for the situation). 

 
Fig. 1. The Bläckhorn house B52 in June 2017, during the moving (picture by J. Ylitalo). 

3 Contextualization: heritage values and energy efficiency 

Energy retrofits can have a huge impact on heritage buildings. For this reason, both 
European and Swedish legislation generally allow exemption from building energy re-
quirements if cultural values are affected. The EU directive on the energy performance 
of buildings exempts those with cultural, architectural or aesthetical values (Directive 
2010/31/EU:153/19). Similarly, the Swedish Planning and Building Act (SFS 
2010:900) includes the possibility to exempt buildings with particular historical, cul-
tural or artistic value. The same is true for the Swedish building code (BFS 2011:6), 
which specifically recommends that windows with a “highly significant cultural value” 



4 

should not be replaced (BFS 2011:6, section 9:91-9:92). Pracchi (2014) highlighted that 
this legislative framework can lead to over-used of exemptions to avoid problems with 
heritage buildings. 

Dialogue between different stakeholders is not facilitated by the general perception 
of the conservation field as rigid and monolithic, without acknowledging the deep 
change that has occurred in the last decades. Traditional key-concepts such as reversi-
bility, authenticity and safeguarding of original forms and materials, which were codi-
fied in the Venice charter (ICOMOS 1964), have been questioned (Lowenthal 2000, 
Krus 2006). Similarly, the idea of the objects being truthful and, hence, authentic is 
under discussion (Munoz Vinas, 2005). Simplified, contemporary conservation theory 
does not necessarily prioritize the original materials and forms, but rather look at the 
values associated with the object, and is therefore more open to recognize conflicting 
perspectives and accept change (Avrami et al 2000). A sound application of a value-
based approach can thus help to enlarge the space of action for energy retrofits of her-
itage buildings and overcome a precautionary use of exemptions. 

Kiruna’s Bläckhorn houses exemplify a typical situation where giving up on improv-
ing the energy performance of a heritage building can seem the best option but risks 
being a lost opportunity. In its building permit application regarding the moving of 
buildings B52 and B53, the owner referred to the possibility to exempt the buildings 
from new technical demands (Kiruna kommun 2016a and 2016b). Swedish legislation 
prescribed that, when a building is moved and re-built in a new place, it has to meet the 
requirements for new buildings. In 2007 exemptions were introduced to avoid the risk 
of what the Government referred to as “cultural destruction” (Regeringen 2007:8), 
which could occur when large numbers of historical buildings are to be moved, as in 
the case of Kiruna. The word “moving” was added to the paragraph in the Swedish 
Planning and Building Act that describes how alterations of a building must consider 
its cultural and architectural values (SFS 2010:900, section 8:17).  

The city of Kiruna has agreed to exempt the moved Bläckhorn houses from meeting 
the requirement for new buildings due to their high cultural-historical value. Yet, in the 
building permission only accessibility requirements are referred to, while energy de-
mands are not explicitly quoted (Kiruna kommun 2016a and 2016b). 
 
4 Methods 

In order to obtain a deep knowledge of the analyzed building, a wide range of methods 
rooted in different fields (building conservation, construction history, civil and energy 
engineering…) were combined. Legnér & Luciani (2013) proposed a similar analytical 
approach, involving the use of bibliographical, historical and archive sources together 
with instrumental analysis, to understand the thermal behavior of a heritage building.  

Quantitative information (measured and calculated energy and temperature data) and 
qualitative information (cultural value assessment) were discussed and analysed in a 
multidisciplinary framework in order to individuate appropriate measures for the en-
ergy retrofit of the studied building. 

The method developed and used, as well as the multidisciplinary composition of the 
research group, reflects that contained in the recently approved European “Guidelines 
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for improving the energy performance of historic buildings” (EN 16883:2017) which 
proposes “a procedure for selecting measures to improve energy performance, based 
on an investigation, analysis and documentation of the building including its heritage 
significance”. 

The collection of quantitative data went on from December 2014 to September 2016. 
The total power and energy supplied for space heating and domestic hot water was 
measured using a Saber energy meter (KYAB, Sweden) connected to the district-heat-
ing sub-station in both the houses. The Saber energy meter separates the energy usage 
for heating tap water from the space heating energy usage with a ±2-10 % accuracy by 
means of an integrated algorithm method (Yliniemi, 2007; Ylinemi et al. 2009). Indoor 
and outdoor temperatures were measured using factory-calibrated sensors (range -40°C 
to +80°C, accuracy ±0.1°C). The indoor sensor was placed in a living room on an outer 
wall, away from heat sources and direct sunlight. The outdoor sensor was placed on a 
façade facing south but in a location that minimized the level of incident sunlight and 
snowfall. Sampling of the amount of energy and power supplied by the district-heating 
system as well as indoor and outdoor temperatures was conducted once every minute. 
The sampled values were automatically converted and registered as hourly averages.  

To complement these measurements, a thermographical survey of the building was 
performed in February 2017 using a FLIR T620bx thermal imaging camera (thermal 
sensitivity: <0.04 °C, resolution: 640 x 480 pixels).  

5 Results and analysis  

5.1 Temperatures and heating energy use 

Fig. 2 represents the heating energy use in one year from February 2015 to February 
2016. Despite the gaps in the data, the trend of the cumulative energy use line is still 
clearly identifiable. The daily averages of heating power used are higher in the coldest 
months, but in the subarctic climate of Kiruna some heating power is continuously re-
quired even during summer.  

A total heating energy use of 80 099 kWh was measured in the surveyed year. Con-
sidering a heated floor area of 340 m2, it gives a yearly heating energy use of about 200 
kWh/m2/year, which can be considered a typical performance given the climate zone 
and the age of the building. According to the energy declaration of the B52 house, its 
heating energy use is considered somewhat higher than the statistical average of two-
family buildings of similar age, which is reasonable given the northern location. How-
ever, compared to today’s standards the house has a low energy performance. For ex-
ample, the Swedish building code prescribes a maximum energy use of about 115 
kWh/m2/year, including energy used for space heating, hot tap water and building op-
eration, for a corresponding new multi-family building. 

The heating power signature of the house (Fig. 3) shows a strong correlation between 
the heating energy use and the difference between indoor and outdoor temperature. The 
use of the latter parameter was preferred to the simple outdoor temperature because of 
the surveyed fluctuations in indoor temperature (see Fig. 4). This result indicates that 
the driving factors for the heating energy use are transmission and ventilation losses 
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through the building envelope and, as a consequence, that improvements in the thermal 
building envelope are needed to increase the energy efficiency of the building. 

 
Fig. 2. Heating energy use of house B52. The grey bars represent the daily average use of heating 
power (W) and the black line shows the cumulative heating energy (kWh) used over the year. 

 
Fig. 3. Heating power signature of B52. The hourly values of heating power are plotted against 
the corresponding difference between indoor and outdoor T. Dots in darker grey represent the 
daily average values in the period 21/10-21/2. The equation is derived from these latter values. 
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The measured indoor temperatures were often quite high, especially in the winter 
months (Fig. 4). It seems unlikely that this overheating was intentional or even needed 
to compensate for cold wall surfaces, since the indoor temperature sensor was placed 
on an outdoor wall and the thermal imaging analysis did not detect excessively cold 
inner wall surfaces. 

 
Fig. 4. Indoor (black line) and outdoor (light grey line) temperatures compared with the daily 
variation of the overall heat loss coefficient (dark grey bars) in house B52. 

Fig. 4 shows also the daily variation of the overall heat loss coefficient (W/K), which 
was calculated as the 24h average of the values plotted in Fig. 3. It presents higher and 
more constant values in the coldest and darkest months, since in this period of the year 
the influence of solar gains is very limited. Nordström et al. (2012) showed that the 
energy signature is most robust when the difference between indoor and outdoor tem-
peratures is large; hence, it is advantageous to estimate it under cold conditions. Sjögren 
et al. (2007) also pointed out that the energy signature is sensitive to heat contributions 
from the sun.  For these two reasons, data from the four months around the winter sol-
stice (21 October – 21 February), when the solar radiation in Kiruna yields a minimal 
contribution to the heating of the house, were used for the heating power signature 
(darker dots in Fig. 3). It was also preferred to use daily averages in order to compensate 
night/day cycles. The overall heat loss coefficient we obtain based on these premises is 
502 W/K. To verify the validity of this value, which is based on measured data, and to 
better understand how different elements of the building contribute to its overall ther-
mal performance, thermal transmittances of the thermal envelope were calculated. 
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5.2 Constructional features and performance evaluation 

 
Fig. 5. Zoomed detail of a picture by Borg Mesch representing the house B54 (ca 1901-02). 

Timber logs are disposed vertically on the bottom floor, horizontally in the attic. 

The first step for the calculation of the heat transfers through the building envelope of 
house B52, was to define the current composition of its structural elements. This was a 
challenging task, since the Bläckhorn houses have been deeply and continuously mod-
ified over time and destructive analyses were not allowed. Beside direct visual inspec-
tion, where possible, the sizes and composition of the structural elements of the building 
envelope were estimated on the basis of literature, archive sources, drawings, photos 
and other documentation. Besides sources directly referring to the analyzed building, 
documentation and constructional descriptions of other Bläckhorn houses were used as 
well as general knowledge and literature on Swedish timber-house construction typol-
ogies from the same construction years (Björk et al. 2009). 

The main source of information was a construction contract preserved in the LKAB 
archives that describes the works performed on the Bläckhorn houses from 1903 on. 
Yet, it was not always possible to use it as a reliable source, as the construction process 
of some elements changed over time. As an example, the contract describes outer walls 
composed by prefabricated 4-inch standing plank covered with impregnated sheathing 
paper and 25 mm panelling on both sides. This technique, though, was not yet in use 
when house B52 was built and historical sources rather suggest the use of thicker stand-
ing-logs assembled following the “Resvirke” technique (Brunnström (1981:161-62). 
The picture in Fig. 5 shows a Bläckhorn house with exposed logged structure without 
panelling. A 1943 survey of the house shows 22cm-thick outer walls and panelled fa-
çades, a thickness compatible with a logged structure to which a timber panelling was 
later added. 

Old pictures and drawings, together with the visual inspection of the existing ele-
ments, also suggest that a large part of the windows of the Bläckhorn houses were 
changed in the 70s and that most of these are still in place. 
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The result of this part of the work was the definition of a plausible composition of 
the building elements of the B52 house that, with minor modifications, can be repre-
sentative also for other variants of the Bläckhorn houses. Once the sizes and composi-
tion of the structural elements of the building envelope were established, transmission 
heat transfers were calculated for the total surface of the building envelope in contact 
with heated air. 

The thermal transmittance (U-value) of the outer walls and the attic was calculated 
in accordance with the simplified calculation method described in ISO 6946. The ther-
mal transmittance of elements in contact with the ground was calculated in accordance 
with ISO 13370. The average thermal transmittance of the building envelope was cal-
culated as the transmission heat transfer between interior and exterior environments 
divided by the thermal envelope area according to ISO 13789. The thermal conductiv-
ities or resistances of the constituent materials/products and the thermal transmittance 
of windows, doors, and linear thermal bridges were drawn from tabulated, standard 
values. Point-type thermal bridges were neglected in the current work. The results of 
these calculations are summarised in Table 1. 

 
Table 1. Thermal transmittances of structural elements in contact with heated air for 

the current construction of the house B52. 

 
Thermal transmit-

tance Description 
(W/m2K) (W/K) 

Attic 0.39 40 Timber frame structure with 170 mm 
sawdust fill insulation 

Outer wall 0.48 110 220 mm wood structure with no insula-
tion in most walls 

Basement 0.93 205 120 mm concrete floor; 250 mm light-
weight-concrete masonry wall 

Windows 2.1 58 Triple pane, wood frame 
Doors 1.4 7.6 Wooden with 50 mm foam fill insulation 

Linear thermal bridges 0.062 27  

 Average: 
0.77 

Total: 
448  

 
The Swedish National Board of Housing, Building and Planning (Boverket 2010) con-
ducted a survey on energy and thermal performance of 1400 residential buildings cho-
sen as being “statistically representative” of the existing building stock. According to 
the results presented, multifamily buildings built before 1960 generally have U-values 
of 0,58±0,07 W/m²K for exterior walls,  0,36±0,07 W/m²K for the attic and 2,2±0,07 
W/m²K for the windows (Boverket 2010). In comparison with the results presented by 
Boverket, house B52 represents a quite typical Swedish multi-family building from 
those construction years. Nevertheless, we should bear in mind that the changes in the 
construction over time have probably increased the insulation level of the house (e.g. 
the replacement of windows and doors or the likely addition of insulation on the attic). 
At the same time, a large part of the transmission heat losses at the time of our analysis 
originated from the heated basement (Fig. 6), which was built in the 1960s, when the 
B52 house was moved for the first time. 
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In comparison with the overall heat loss coefficient derived from the measured data 
(502 W/K; Fig. 3), the calculated total transmission heat losses (448 W/K; Table 1) is 
lower. This was expected since the measured heat loss include also ventilation heat 
losses caused by air leakages through the thermal envelope. The contribution of the 
chimney could also be important. Not so much for an air draught, since it is no longer 
in use and has been sealed, but because its brick structure likely acts as a huge thermal 
bridge (see Fig. 6), which was not considered in the transmission heat loss calculation. 

 
Fig. 6. Infrared image of house B52 from outside. The poor thermal performances of many 

components of the building envelope are clear. Outdoor temperature: - 13°C. 

6 A value-based retrofitting of a Bläckhorn house 

Proposals for an energy retrofit of the Bläckhorn house B52 were designed on the basis 
of a cultural value assessments of the impact they could have on the character-defining 
elements of the building. The proposed measures are intended to merge traditional con-
servation considerations (such as minimal intervention, compatibility with the existing 
materials and reversibility) with a life-cycle perspective in a pragmatic and cost-effec-
tive approach. For this reason, the proposed improvements are based on inexpensive 
technologies that are easy to access in the market and to install, especially considering 
that the houses are to be emptied for the moving. As an example, the main outer walls 
are left untouched in their exterior paneling and in their core of timber logs. The exterior 
paneling is considered crucial to keep a connection of the building with its historical 
context, considering also its movement to a new location and despite the maintenance 
cycles that have surely changed its aspect and materials over time. The timber log struc-
ture represents an irreplaceable material document of the technological evolution of the 
local construction techniques and of the passage from traditional to standardized meth-
ods in the early history of Kiruna architectures. The choice was thus an internal insula-
tion, with the replacement of just the existing and relatively recent fiberboards with 
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new wood-fiber insulation boards, which were considered compatible with the timber 
log structure. 

Berggren and Wall (2010) have shown that an external insulation would be preferred 
to reduce the risk of mould growth in a cold climate, especially considering the expected 
consequences of climate change in Sweden. However, the risk of mould growth should 
be smaller in the subarctic climate, with relatively low temperatures and the choice of 
a breathable, vapour-permeable material for insulation will ensure that the wall will 
maintain its ability to dehydrate moisture also after refurbishment. Moreover, the inter-
nal insulation could be quite easily removed if problems would appear in the future due 
to changed climatic conditions. 

The existing windows are neither original nor of particular cultural value. Neverthe-
less it is proposed to keep them and to increase the U-value of the envelope by the 
addition of an inner secondary glazing, to be installed in continuity with the inner insu-
lation. This solution would contribute to lower the thermal bridges and at the same time 
would let the existing windows complete their life cycle before being replaced. Beside 
saving some embodied energy in the present, this will give more freedom of choice and 
flexibility in the future. When the substitution of the existing elements will be needed, 
the rather good thermal performance already guaranteed by the secondary glazing could 
allow decision-makers to prioritize other requirements (e.g. the aesthetic quality or the 
visual compatibility with the other historic components). 

The proposed improvements of the structural elements are presented in Table 2, in-
cluding the reduction (in %) of the thermal transmittance and of the heating energy use 
of the building that each individual measure would result in. The heating energy savings 
were estimated using heating-degree days (Kiruna, base temperature 17 °C) for the 
monitoring period. 

From these figures, it results that by only changing the ground construction from the 
heated basement to a contemporary, insulated crawl-space basement (as in the new lo-
cation of the building), the heating energy use decreases by an estimated 31%. This 
means that the move of the house has already lead to a considerably increased energy 
efficiency. Even excluding the contribution of the change of the basement, the cumula-
tive effect of all the other measures would reduce the heating energy use by more than 
15%. If all proposed refurbishment measures were implemented, the B52 house would 
fulfill the maximum allowed average thermal transmittance of 0.4 W/m²K, specified by 
the current Swedish building code (BFS 2011:6). This value is indicated as mandatory 
for new dwellings and it should be strived for if extensive changes to the building en-
velope are implemented.  

Not included in Table 2 are proposals to decrease the ventilation losses, which are 
likely to be relevant to increase the energy efficiency of this building. Still, the proposed 
refurbishment measures of the building thermal envelope will contribute to lower the 
heat losses through air leakages. Nevertheless, if the air leakages in the thermal enve-
lope are to be sealed, such as the air vents in the existing windows, alternative measures 
are required to ensure sufficient ventilation. A possible solution could be the installation 
of an air-to-air heat exchanger, taking advantage of the existing chimneys for the posi-
tioning of the ducts. 
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Table 2. Thermal transmittances of structural elements in contact with heated air after the pro-
posed refurbishment of the house B52. 

 
Thermal transmit-

tance Description 

Reduction 
of thermal 
transmit-

tance  

Estimated 
savings of 

heating 
energy use (W/m2K) (W/K) 

Attic 0.17 17 
Removal of sawdust fill and 
addition of 300 mm cellulose 

loose-fill insulation 
5% 4% 

Outer 
wall 0.30 68 Addition of 50-80 mm wood 

fibre insulation board 9% 7% 

Basement 0.27 33 
Change to ventilated crawl-

space basement with 100 mm 
foam insulation 

39% 31% 

Windows 1.2 33 Addition of secondary glazing 6% 4% 
Doors 1.4 7.6 No changes applied 0% 0% 
Linear 
thermal 
bridges 

0.044 19 
Estimated improvements due  
the proposed refurbishment 

measures 
2% 1% 

 Average: 
0.30 

Total: 
178 

All changes of individual ele-
ments implemented 60% 48% 

 
Furthermore, given the overheating detected by the monitoring, a simple and reliable 

measure to reduce the energy use for space heating would be to provide the existing 
radiators with electronically controlled thermostatic valves with a set-point of the air 
temperature of around 21 ºC. 

The development of these additional proposed measures, together with an accurate 
analysis assessing the consequences of the increased thermal performances of the en-
velope on the moisture transfers, could be the next steps for this study. 

7 Conclusions 

The main conclusions for the paper are: 
─ It was shown that the measures for the building envelope would allow a considerable 

reduction of the heating energy use of the Bläckhorn house B52, with a very limited 
impact on the preservation of its heritage values. A further reduction of energy use 
could be achieved by improving the ventilation system, which was not specifically 
addressed in this paper. 

─ The multidisciplinary method proposed for this study, merging qualitative and quan-
titative assessments and using a value-based approach in the design of energy retro-
fitting measures for historic buildings, was proved effective for this purpose. Still, 
more specific studies on the building physics would be required for a deeper under-
standing of the long-term consequences of the proposed measures, also considering 
climate change. 
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─ The results obtained for B52, and the proposed measures, can, with minor modifica-
tions, be considered representative for the other variants of Bläckhorn houses. They 
can thus foster a re-discussion of the objectives of moving the next Bläckhorn houses 
and turn the current heritage safeguarding operation into an opportunity to increase 
the energy efficiency of Kiruna’s built environment. 

The presented study of the B52 house demonstrated that, if correctly assessed and de-
signed, energy retrofit measures are not necessarily a threat for the preservation of cul-
tural heritage buildings. In upgrading their livability, attractiveness and sustainability, 
these added layers of materials and value constitute a distinctive and meaningful sign 
of the needs, expectations and aims of our time and should therefore be considered an 
enrichment of the cultural significance of our built heritage. 
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