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Abstract – This paper presents and discusses the results of a comprehensive 
Norwegian life cycle assessment comparing the net climate benefits of the 
refurbishment of a residential building from the 1930s with the construction of 
a new building in accordance with modern building codes. The study quantifies 
greenhouse gas emissions from use of materials in the refurbishment process, 
helping us understand the building as a technical system. The study also 
considers the significance of user aspects in the planning of energy retrofits and 
energy management by using standard (NS 3031) and adjusted calculations for 
different user profiles. Results show that a careful energy efficiency refurbishment 
of the historic building is favourable from an immediate climate change 
mitigation perspective but that it takes 60 years for the new building to recoup its 
environmental investment. It is discussed why and how residents play a critical 
part with respect to realising the expected energy savings related to upgrading 
historic buildings.

Keywords – life cycle assessment; Norway; user aspects; emissions from 
material use; operational phase

1. INTRODUCTION

1.1 BACKGROUND

Today’s green building guidelines encourage home owners to consider measures 
that affect the appearance and physical characteristics of a building. By focusing 
our attention too narrowly on energy efficiency measures, we tend to overlook the 
sustainability asset that the building represents if maintained and used efficiently. 
Comprehensive measures to the thermal envelope of the building will reduce 
operational energy use but can also lead to a net increase in life cycle green-
house gas emissions. The reason is that energy use represents only one part of a 
bigger picture that includes materials production, transport, construction, use, and 
demolition.

Knowledge regarding the topic of operational energy use in dwellings is in  - 
crea sing, largely due to the general societal focus on new energy efficient homes. 
Yet, measurements often demonstrate that the actual energy con  sumption in  
new homes exceeds calculated values [1]. The situation is often the reverse for 
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historic buildings. We know that this is explained partly by new energy systems 
being less efficient in practice than expected, but to what extent is it explained by 
the behaviour of users and residents, and how can those aspects be quantified?

To better illustrate this, the Norwegian Directorate for Cultural Heritage released 
a comprehensive life cycle assessment (LCA) in 2017. It compared the total life 
cycle greenhouse gas (GHG) emissions for a historic home before and after 
upgrading, to a scenario where an existing building was demolished and replaced 
by a new dwelling built in accordance with today’s technical requirements. The 
objective of this paper is to present and discuss the results from that study.

1.2 PREVIOUS RESEARCH

The new European Standard for improving the energy performance of historic 
buildings acknowledges the importance of assessing the whole life cycle of a 
building by stating that “historic buildings should be sustained by respecting the 
existing materials and construction, discouraging the removal or replacement 
of materials / … / which require reinvestment of resources and energy with 
additional carbon emissions” [2]. This has been an acknowledged idea in building 
conservation for quite some time [1, 3–5]. More recently, studies have pointed 
to the general knowledge gap regarding how the users of historic buildings 
represent an untapped energy saving potential possibly equivalent to that of some 
technical measures [6, 7]. The Nordic CERCMA investigation from 2014 acknow-
ledged a similar outlook by concluding that “the influence of behaviour tends to 
be more apparent to the user of historic buildings” than buildings in general, e.g. 
since older heating systems such as wood burning stoves require active residents 
[8]. Two pieces of LCA research commissioned by the Norwegian Directorate 
for Cultural Heritage in 2011 and 2015 respectively indicated that traditionally 
constructed buildings could be environmentally favourable to comparable 
buildings constructed with materials in common use today [9]. However, neither 
of these two studies did further problematising calculation methods, nor energy 
saving impacts related to user behaviour. This eventually led to a third LCA study 
which will be presented in the following.

2. METHOD

The 2017 LCA was commissioned by the Norwegian Directorate for Cultural 
Heritage, aiming to measure the net environmental benefit of refurbishing a 
historic dwelling, Villa Dammen in Moss, Norway, taking into account both opera-
tional energy use and consumption of materials.

Villa Dammen was built in 1936, with a timber-frame structure, outside vertical 
wooden cladding and a full concrete basement, see Figure 1. The building repre-
sents a common type of building from the 1920–30s with cultural heritage signifi-
cance connected mainly to its visual appearance, shape, and materiality. Up until 
its refurbishment in 2014, heating was supplied by an oil boiler, electric radiators 
and an air source heat pump (air/air). Annual energy use before refurbishment 
was estimated 427 kWh/m2/yr.
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Energy efficiency measures carried out in 2014–15 were chosen with general 
consideration to preserving historic material, passive design qualities in the 
construction, as well as the planned use of the building, and expectations on 
indoor comfort, etc. Measures included weather proofing of windows and doors, 
added insulation to pipes and the domestic water heater in the basement, a 
waste water heat recovery system, added interior insulation to floor slabs/beams 
between basement and attic. A massive heat-storing brick stove was built in the 
centre of the first floor which also preheats the domestic water, see Figure 2. The 
stove was constructed with ca. 2 metric tons of brick. A blower door, which was 
used to measure air tightness, showed a reduction pre- and post-upgrading = 
from 7.8 l/h to 4.4 l/h. After the energy efficiency measures had been carried out 
energy use was calculated to 287 kWh/m2/yr.

The LCA study was carried out as a comparative assessment with three 
scenarios: (1) Villa Dammen baseline with no refurbishment, (2) Villa Dammen 
with refurbishment, and (3) a demolished Villa Dammen which is replaced by a 
new dwelling built according to current Norwegian building practices. The study 
was conducted in accordance with current LCA standards NS 14040:2006 [10] 
and NS 14044:2006 [11], using environmental impact data from the ‘ecoinvent’ 
database and environmental product declarations (EPDs). The reference building 
used for calculating emissions in the new construction scenario was based on 
a building of equivalent construction, size, and use as Villa Dammen, built in 
accordance with the Norwegian building code (TEK10, cf. a passive house). 
Calculations accounted for emissions associated with the use of construction 
materials and energy required over the entire life cycle to build, operate, maintain, 
and dispose of the considered buildings. A period of analysis of 60 years was 
used, in accordance with standard practice for LCAs of buildings in Norway, to 
ensure comparability with similar studies.

The residents of Villa Dammen make use of temperature zoning during the 
heating season as well as reducing the set temperature of the building when 
they are not at home. These measures are not considered standard in opera-
tional energy use simulations, and actual measured energy use in Villa Dammen 
over the two years after refurbishment is significantly lower than the estimated 

Figure 1. Villa Dammen, south façade during winter, north façade during summer. Image: 
Google maps.
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energy consumption used as a basis for the LCA. Recent research supports this 
finding, indicating that the assumptions regarding energy use behaviour used in 
standardised energy use calculations do not reflect the behaviour of inhabitants 
of existing dwellings [10, 11].

The study therefore also explored how different assumptions for calculating 
energy use in the operational phase, as well as for calculating greenhouse gas 
emissions from energy use, affect the results. The impact of user behaviour 
on energy use and emissions was assessed by introducing an alternative set 
of parameters for energy use calculations. These represent a more conscious 
attitude to energy use, including use of temperature zoning. The results were 
also held up against the actual measured energy consumption in Villa Dammen 
post-refurbishment.

Our attempt to define an alternative set of standardised values for energy use 
calculations, which reflect the energy use behaviours of more “conscious” 
residents, is typical of historic buildings where, for instance, indoor temperature 
tends to be more unstable. The main differences, compared to the NS 3031 
standard, concern reduced ventilation operating hours, reduced energy use for 
domestic hot water consumption, lower indoor temperatures outside operating 
hours, and greater use of temperature zoning.

3. RESULTS

The analysis shows that the refurbishment of Villa Dammen causes approx-
imately 295 tonnes CO2-eq less than the scenario without refurbishment over 60 
years. This amounts to a 67 % reduction in total GHG emissions. Consumption of 
construction materials during refurbishment causes emissions from material use 

Figure 2. First and second floor in Villa Dammen. Yellow colour shows the area that is permanently 
heated, including the centred new brick stove. The wall between the two larger rooms in the first floor 
is removed. The basement is not shown and has not been included in the energy modelling. Second 
floor rooms are indirectly or intermittently heated.
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to be 25 % higher for the refurbished building, but this increase is dwarfed by  
a 70 % decrease in emissions from energy use.

A new building constructed according to modern standards will be significantly 
more energy efficient than Villa Dammen, causing energy related emissions 
to be 40 % lower for the new building. However, due to the large amounts of 
construction materials used to construct the new building, total GHG emissions 
over 60 years are only 8 % lower for the new construction, compared to Villa 
Dammen.

Figure 3 shows the total GHG emissions for the three scenarios accumulated 
over the 60-year period of analysis. The intersection between the curves repre-
senting Villa Dammen with and without refurbishment is difficult to discern, as it 
occurs after less than a year (ca. 6 months). The environmental pay-back time 
of the refurbishment, meaning the time needed for avoided energy emissions 
due to energy efficiency measures to equal emissions incurred in the upgrade 
process, is thus very short in this case. Correspondingly, the time needed for the 
effect on emissions of lower annual energy consumption in the new building to 

Figure 3. Accumulated greenhouse gas emissions over a 60 year life cycle for Villa Dam-
men with and without refurbishment, and for the scenario with new construction. Increases in 
emissions in year 30 are due to modelled maintenance work, while the modelled increase  
in year 60 is caused by demolition activities.
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outweigh the emissions caused in the construction process, when compared to 
the upgraded Villa Dammen, is around 52 years.

Figure 4 shows that emissions related to operational energy use account for the 
largest share of total emissions in all three scenarios. Thus, energy efficiency 
measures have a large impact on total life cycle emissions. The energy efficiency 
measures implemented for Villa Dammen are estimated to reduce operational 
energy use by ca. 30 %. This corresponds to a 70 % reduction in emissions from 
energy use, in large part due to the replacement of the oil boiler with a wood 
burning stove. As wood is considered a renewable energy resource, the incine-
ration of wood is assumed to cause no climate change impact. There is incre-
asing scientific debate regarding the climate change impact of CO2 released from 
combustion of biomass, but the implications of this assumption are not further 
investigated here. The reference building was not modelled with a wood stove as 
it was intended to represent a standard new building.

Emissions related to electricity consumption account for a very large share of 
total energy use emissions – ca. 40 % for Villa Dammen without refurbishment, 
ca. 87 % for the refurbished building, and ca. 97 % for the new building. Actual 
measured energy use in the refurbished building is almost 50 % lower than the 

Figure 4. Greenhouse gas emissions related to the production, operation, and maintenance, 
and end-of-life for Villa Dammen with and without refurbishment, and for the scenario with 
new construction, per m2 heated indoor area per year, over a 60-year life cycle, per life cycle 
phase



Energy Efficiency in Historic Buildings 2018

252

estimated energy use for the scenario without refurbishment. If measured energy 
use is used as the base for comparing the refurbished Villa Dammen with the 
new building, total life cycle emissions are 10 % higher for the new building over 
the 60-year period of analysis.

Emissions from use of materials in the upgrade process account for only 2 %  
of total lifetime emissions for the refurbished building. Emissions related to 
the construction phase are 12 times higher for the new construction than the 
refurbishment scenario. This reflects the difference in the amount of materials 
required, the emissions associated with the demolition of the existing building in 
the new construction scenario, and the type of materials used. Emissions caused 
by materials for operation and maintenance and demolition phases account for 
only a small part of total life cycle emissions.

4. DISCUSSION AND CONCLUSION

There are two main points that can be brought forward by this paper. First, the 
environmental pay-back time of replacing Villa Dammen with a new, more energy 
efficient building exceeds 50 years. The study confirms that the amount and 
type of materials used in energy efficiency refurbishment and new construction 
represent decisive impact on the compared net environmental benefit, both in 
the short and long term. By using environmentally friendly and locally produced 
building materials, upgrading measures will cause low GHG emissions, and 
the historic building is less likely to have its character or qualities reduced. 
However, knowing that emissions related to the use of construction materials will 
affect net climate benefits of upgrading a historic building, the everyday home-
owner scenario might very well overturn the benefits since it is not normally 
approached or dealt with in a standardised manner in line with the compre-
hensive CEN-standard for energy efficiency in historic buildings. The required 
knowledge of the inherent energy regime of a historic building on the one hand, 
and long term environmentally friendly solutions on the other hand, is in most 
cases not that rooted with the public. For homeowners and practicing energy 
consultants to comply with this broadened approach to energy efficiency the need 
for more scientific studies exploring and measuring the life cycle approach (via 
LCA) to building conservation is evident. One way forward to make LCA a useful 
tool also for historic buildings is by strengthening data on traditional materials and 
energy systems. Learning from historic constructions and traditional knowledge, 
e.g. concerning material use and passive solutions, can in turn contribute to 
how we pursue sustainability today. Another is quantifying and exploring life 
cycle scenarios for larger existing building stocks. Lastly, we see a potential in 
educating case officers, e.g. in city planning authorities, in the notion of the life 
cycle approach.

Secondly, the gap between energy simulations based on standardised user 
profile data (NS 3031) [12] and the “concious” user profile is a key issue 
investigated in the study, and the results from the comparison point to a larger 
discrepancy between actual and estimated energy use for older buildings than 
new ones. Users and residents thus clearly play a critical part with respect to 
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realising the expected energy savings related to upgrading historic buildings. 
This has been pointed out in several previous studies on energy efficiency in 
historic buildings, but this is the first time it has been calculated with alternate 
user profiles. The assumptions on which we based the adjusted modelling 
scenario could therefore be used to underline the importance of improved energy 
behaviour of residents in older dwellings, in addition to new buildings in general. 
Perhaps this can be achieved by raising awareness about historic buildings and 
their cultural heritage significance in general.

A new low or passive energy building will, under the condition that it outlives 
the historic building, inevitably recoup its environmental investment costs and 
overtake the historic building in environmental performance due to its lower 
operational emissions. This is perhaps, except for an increasing demand of 
domestic floor space, the strongest argument for constructing new buildings and, 
from a theoretical point of view, a disadvantage for the comparative case of Villa 
Dammen. i.e. the long-term perspective favours new buildings. The short-term 
argument however, aiming to achieve quick results, is supported by the continued 
use of existing buildings. In practice, and regarding the context of sustainability,  
a combination is of course to be recommended.

To conclude, the results of the study support that the continued use of historic 
buildings and the impact of user behaviour should be better advocated for in 
building codes and environmental policies. The results also show that choosing 
the “right” solutions when upgrading is crucial in terms of emissions related to 
material use and energy saving. Energy use and emissions can in other words 
be significantly reduced if the energy efficiency process is carefully considered 
and the residents are involved. While the historic segment of the building stock 
might not be a large contributor to greenhouse gas emissions, compared with 
other sectors, it is more vulnerable to hastened decisions and should therefore be 
handled with care.
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