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ABSTRACT 
 
This article is discussing advantages of the process of refurbishment, how it affects the 
environment and urban fabric. It also revises a case study of sustainable refurbishment of an 
industrial building as a successful example of such a conversion. Features of industrial areas 
in Moscow and particularly the area, where intervention will take place, are investigated. 
Furthermore, the given conditions of the climate and local building regulations are analyzed. 
The main climate’s responsive strategies are tested with the use of TAS software and then 
they are applied to the intervention building, where the best performing dwelling was 
selected. Climate was simulated in order to investigate the energy performance of the 
intervention building. The results obtained confirm that a dwelling in the refurbished 
industrial building in Moscow can consume less energy than a conventional one. 
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INTRODUCTION 
 
A change of use involving a sustainable upgrade could bring new life not only to a particular 
building but also to the surrounding area. In general the process of adapting buildings has 
numerous benefits in architectural, cultural and historic terms. It is for these reasons that 
building conversions are becoming increasingly important in the developed world. 
 
Schittich, C, (2003) states that refurbishment accounts for 40% of construction in central 
Europe and this number will continue to grow. The reason for this is because the historical 
heritage as well as the building stock in this region is quite rich. A significant number of the 
buildings from different periods and different typologies have either adequate conditions 
(envelope/constructions/both) or historical value and could be profitably refurbished to the 
current energy performance standards and beneficially serve their owners.  
 
According to (Douglas, J, 2006) economic growth and urbanization are the key drivers of 
change in modern developed countries. At all market levels, all of these dynamic factors can 
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trigger the need for urban renewal programs. Cities have always been living organisms 
changing according to the requirements of their inhabitants. Nowadays the worldwide 
tendency is to increase the density of the cities, but if we stop for a second and think what the 
comfortable density for the city is and to which extend a city could actually “sprawl”, we will 
be reaching another question: Why do we need to “sprawl” them? Why don’t we look towards 
what cities already give us? The potential that buildings have to adapt to changing 
internal/external conditions allows us to reuse the existing urban density within the city in 
order to rejuvenate it. Thorough design solutions could help to solve this problem. 
 
 
KEY DRIVERS OF THE REFURBISHMENT. URBAN SCALE 
 
Retaining the character of a streetscape is best achieved through the adaptation of its 
buildings. Old buildings offer psychological reassurance because of their distinguishing 
characteristics (Scottish Civic Trust, 1981). Here is the important point of refurbishment and 
urban design of the cities: preserving existing buildings helps people to feel more comfortable 
and homey. It is much more encouraging for the community/people to regenerate the area 
rather than demolish and try to fit new density within formed neighbourhood.  
 
Another important driver of the refurbishment is the regeneration of the surrounding area. 
According to (Douglas, J, 2006) sensitive adaptation schemes such as the reuse of derelict 
industrial buildings can bring back life to run-down urban areas. There is a good example of 
such a scheme implemented in Moscow for a cultural centre – Winzavod (translation: wine 
factory). The conversion of a former wine factory in the huge industrial area of Moscow next 
to the city centre, was completed in 2007. With a project by the Russian architect Alexander 
Brodsky, the ex-factory buildings were converted into galleries, café and some shops. 
Gradually this area has become quite popular among people, because of its central location 
and the quality of the space achieved by simple solutions. It attracted more and more visitors 
willing to work as well as to socialize in this creative space. The Winzavod is surrounded by 
two other factories, which following its success, are planned to be converted as well. The 
whole area is reviving from abandoned industrial zone into one of the main attractions of the 
capital. This example demonstrates how well done refurbishment solutions could bring new 
life into derelict areas. 
 
 
Environmental advantages of the refurbishment 
 
Another advantage of the refurbishment process is the delivery of an energy efficient 
building. By definition, an upgraded building will be more energy efficient than it used to be. 
In cold climate the improvement of the fabric of an existing building includes actions such as: 
insulation and windows’ upgrade, air tightness measures, and an optimized heating system 
which will lead to a significant reduction in energy consumption. A regenerated building 
could perform better than the conventional houses and even could be compared to the 
performance of new built houses. So, the benefits from urban regeneration combined with 
energy efficient buildings are valuable for the community and local authorities.  
 
It is also important to mention that refurbishment can offer enormous pay-offs. For instance, 
the developer company “Factory Building” explained their approach to building adaptation. 
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They choose a property in a central location, using simple materials and upgrading solutions 
(building fabric, windows, flooring and internal finishes). Afterwards the property is sold and 
due to huge demand for housing or offices in that central location, it becomes very profitable 
because the upgraded property results more attractive to potential buyers. Additionally: 
“Delivering low carbon refurbishment doesn’t require significant increases in complexity, or 
adoption of high risk or unproven technical solutions. On the contrary, nearly all 
refurbishments offer opportunity to reduce carbon emissions beyond the standard set by 
building regulations” (The Carbon Trust, 2008). From another point of view (Douglas, J, 
2006) states that the more complex and old building is the more expensive the process of 
adaptation will be. This means that in almost every case, the process of refurbishment is more 
profitable in terms of money apart from those cases when buildings are too old and require 
additional attention. 
 
It is worth to mention that according to the ASHRAE Handbook (2009): “Reuse of existing 
buildings is one of the most effective strategies to minimize environmental impact”. The 
building’s shell has the highest amount of embodied energy as it requires more material than 
any other part of the building. As long as the envelope is already in place, the fewer amounts 
of new materials will be used, therefore preserving the embodied energy within the existing 
envelope.  
 
When comparing refurbishment with a new build, it is necessary to include in one’s 
calculations that the latter will have to repeat the entire life cycle of the building (material 
manufacturing, transportation, construction, operating energy and the last stage involves 
demolishing and recycling) plus demolition (Fig. 1). 
 
 

 
Figure 1. 

 
 

Furthermore, in a refurbishment project, demolition is completely or partially avoided. The 
process is expensive and complicated particularly within the existing environment. It also 
creates waste on the site and consumes a lot of energy. It will always produce unwanted levels 
of noise which could disturb occupants in neighbouring areas. Therefore, avoiding demolition 
will bring additional financial and ecological benefits to a refurbishment. 
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Case study: Brewery in Moscow 
 
Further on, the case study of a conversion will be investigated and the particularities of the 
refurbishment process mentioned above will be checked here. 
 
 

Climate in Moscow 
 

Disadvantages 
Severe outdoors conditions half of the year 
Cold winds 
Low levels of solar radiation 
Low sun angles 

Advantages 
Comfort and evenly warm summers 
Relatively low cooling loads 

 

 
 
 
The main concern while designing buildings located in cold climates is to protect the 
envelope from heat losses. In Moscow, the heating period spans for about 7 months a year and 
it has an average winter temperature of -10 Co (Fig. 2). Further insulation improvements 
without effective solutions for the control of air tightness will lead to an inefficient insulation 
performance. As the winter is too cold and the level of solar radiation is low, passive solar 
heating cannot replace conventional heating. But for midseason months like April, September 
and the beginning of October, when the temperature and the amount of solar radiation rises, 
this can partially reduce heating loads.  
 
 

 
 

Figure 2. Temperature in Moscow. 
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The problem caused by cold outdoor conditions is not just physical discomfort due to low 
temperature, but also psychological discomfort which, according to (Rogers, P, 2008), occurs 
because occupants have to spend most of the time indoors and with a lack of solar radiation. 
People become depressed and their productivity drops. Thus, one of the simplest solutions is 
to create spaces protected from outdoor conditions where people can meet or spend some time 
like an atrium or a buffered space.  
 
 
City context 
 
Usually cities sprawl from the historical centre to the suburbs and Moscow is no exception. At 
the end of the 19thcentury, during the rapid industrial growth in Moscow, a lot of industrial 
buildings and industrial areas were created towards the suburbs. Numerous residential 
buildings were built around factories to house workers and their families. Around 1955 new 
residential areas were built, but, for some reason, industrial areas were overrun and they 
became surrounded by residential districts on all sides. (Topchii, D, 2008) This is when the 
city developed a similar skyline to what it has now; the historical part of Moscow is 
surrounded by a ring of industrial zones. 
 
Nowadays, according to a research study by the company “Miel’ – New Development”, 
industrial areas in Moscow occupy 19.3% of the city’s area. This is equal to 20,900 hectares–
the total area of the city being 104,500 hectares. In comparison, in Europe this number does 
not exceed 10%. A large percentage of those areas are abandoned for different reasons. One 
of the main ideas highlighted in the “future development of Moscow” (a general plan for the 
city by 2025) is to reduce the extent of industrial areas from 20,900 hectares to 7,000 
hectares.  
 
The conclusion makes evident that, Moscow has a significant stock of industrial buildings 
available, and many of them are real masterpieces of industrial architecture. 
 
 
Description of the district and its future development  
 
The site was selected out of the industrial ring mentioned above. It is situated in the western 
administrative district called Dorogomilovo on the riverside of the Moskva river (Fig. 3). It 
can be characterized as a very prestigious area of Moscow with very high prices for both 
housing and offices. The area is traversed by one of the main highways in Moscow: the 
Kutuzovsky street; it also contains a number of tube stations and one of the main railway 
stations in Moscow: Kievskaia station. 
 
The area contains both residential and public zones. On the opposite side of the river the 
biggest office development in the city is situated, known as Moscow-city. Because of these 
factors, any development in this area has a great potential for success. It was crucial to 
identify which use will not create a big impact on the existing context. Thus, a mixed-use 
residential/office scheme was chosen as the most appropriate, as the site is mostly surrounded 
by dwellings. There is also a demand for creating green buffer zone because of the site’s 
proximity to the highway.  
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Figure 3. Site location in the Dorogomilovo district. 

 
 
Site description  
 
Currently, the site coverage is 40%, as some small buildings have been already demolished. 
Buildings are grouped in the northern part of the site and are not obstructed because the 
southern part is not built (see Fig. 4). It is likely that the existing density of the site will be 
saved in future developments as the government plans to convert part of the existing buildings 
into a hotel and to create a park in the south side.  
 
 

 
 

Figure. 4. Scheme of the site. 
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The construction of the brewery was completed in 1876. Some parts of the brewery were 
added later on as well. All of the old buildings have brick load-bearing walls, while more 
recent buildings have concrete structures. They all are oriented on the South-North axis, with 
a 5o deviation towards West. 
 
Nowadays the brewery is operating partially. There is also rental space for offices, cafés and 
car washes. A few buildings within the complex have no use and have been abandoned and 
left to dilapidate.  
 
 
Building description  
 
Main building issues: 
  
• Thick, un-insulated walls.  
• No windows on half of the façade (because of the wall’s thickness, it will be difficult 
to open voids for new fenestration). Some existing windows are broken.  
• Malting wells have iron netlike slabs (which were used for drying malt). The slabs are 
not opaque and meant to bear heavy loads. 
• The overall depth of silos is 24 m.  
• The south façade extrudes above and overshadows malting wells.  
 
Possible solutions: 
  
1) Adding new fenestration will be a necessary measure in the conversion of the silo. In 
order to reduce unnecessary work, it is important to make only the required new windows 
(according to the analytic work, window-to-floor ratio should not exceed 15-17% in this 
climate). All the old windows should be replaced. 
  
2) Improve floor slabs where it is needed.  
3) Open an atrium in order to solve the problem posed by the extreme depth of the silo.  
 
4) In order to have direct light in the atrium, its windows and skylights should face west. 
 
 
Implemented strategies were used  
 
1) For economic and energy efficiency reasons, double glazing with night shutters is more 
appropriate. 
  
2) 15-17% w/f is optimum in terms of solar gains and loads. In a Swedish passive house 
(information based on a paper of Janson, U, 2008), for example, w/f is 16%. Lower or higher 
ratios increase and decrease heating loads accordingly, but, a 20% w/f ratio can be applied as 
a worst case scenario. 
  
3) South/north orientation is the most efficient. If the building is oriented on the west/east 
axis, heating and cooling loads should be carefully considered. 
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4) Cross ventilation can reduce the cooling loads twice as much.  
 
5) Single exposed flats require only 70 mm of insulation because of its compactness. 
 
6) Schemes should not have more than three or four exposed walls only when there is no 
other solution, and they should be considerably protected.  
 
7) The effect of thermal mass is quite small as the building uses continuous heating system 
rather than a passive solar heating system. Nevertheless, thermal mass have a positive effect 
on cooling loads during summer. 
 
8) Flats with one wall exposed will need only 70 mm of insulation.  
  
 
Open an atrium 
 
Because of the building’s deep plan configuration, it was decided to locate an atrium in order 
to open up the central part. It divided the building into two parts, which are 6 m and 7 m deep 
respectively. This depth, according to the CIBSE guide B (2006), will increase the chances of 
cross ventilation. This will be enhanced by the natural stack effect provided by the atrium’s 
configuration. These measures combined will ensure the desired fresh air provision and 
cooling loads’ reduction. The atrium could also serve for winter time ventilation, as flats face 
the space which is protected against outdoor conditions. 
 
The atrium is 12.5 m by 6 m, which will allow daylight to enter on the lower levels. It will 
provide access to the flats through a common balcony. Each floor will have a common space 
of 20 m2 where people could meet and socialize.  
 
Skylights above the atria face west, as the southern sunlight will be obstructed by that part of 
the building. There are also six windows (1,000 mm by 1,200 mm) opening on each floor to 
the atrium’s west façade, which will provide direct sunlight during the whole year. Their size 
was calculated in order to avoid any extra heat loss.  
 
Figure 5 presents sun path diagrams for all five floors of the atrium. It demonstrates that 
floors 4 and 5 will have direct sun from the South during summer. All the floors will have 
direct sunlight from the West during the entire year.  
 
 
Thermal performance of the atrium  
 
The atrium is meant to be unheated. Its surrounding walls have 200 mm of insulation and all 
the windows are double glazed. During winter, the atrium is assumed to be closed and 
naturally ventilated for one hour during the day. Being the outside temperature higher in the 
afternoons because of solar radiation, it represents a good opportunity for natural ventilation.  
 
The thermal performance of the atrium in winter is presented on the Figure 6. Generally, the 
temperature in the atrium is about 10o C higher than the outside temperature. There is a 5o C 
drop in temperature when the atrium is ventilated. In conclusion, it can be mentioned that the 
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atrium can be used for winter ventilation, as it gets higher temperature than outdoors. It could 
also work as a protected space, where children can play.  
 
In summer, the atrium is fully opened 24 hours a day and it is meant to work as a courtyard. 
Although overheating could occur when the outside temperature is above 28o C in summer, 
night time ventilation should take place in order to reduce such possibility. 
 
 

 
 

Figure 5. Sunpath diagram for all five floors of the atrium. 
 

 
 

Figure 6. Thermal performance of the atrium in winter.  
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Best case  
 
One of the flats was assumed as the best case in terms of thermal performance. Flat A is 
located on the 4th floor (Fig. 7) of the building’s south wing. It is defined as best case, as it is 
oriented south, it has only one wall exposed to the outside with 70 mm of insulation, and the 
opposite one facing the atrium has 200 mm of insulation. 
 
 

 

 
 

Figure 7. The  4th floor. 
 
 
 

 
 

Figure 8. The flat A. 
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For simulation purposes, an approximate space distribution for the flat was made and its 
occupancy defined. Flat A (Fig. 8) will have a family of four, with two people continuously 
staying at home and two others occupying intermittently for 12 hours a day.  
 
The thermal performance of the flat as per the dynamic thermal simulations conducted is 
described as follows:  
 
Flat A: 
• Area: 65 m2  
• Volume: 175,5 m3  
• Floor to ceiling height: 2,7 m  
• Window to floor (W/F) ratio of the flat is 15%  
• Exposed envelope/floor ratio: 0.4 
  
Total heating loads for the Flat A are 35 kWh/m2 yearly; the total cooling loads are 3 
kWh/m2. Heating loads are low because the flat is compact.  
 
 
HEATING LOADS  
 
A benchmark for heating loads (43 kWh/m2) established from the analytic work and based on 
Russian building regulations (SNIP, 2003) was used to compare with the heating loads of the 
flat A, and a reduction of 8 kWh/m2 was observed. This reduction could be explained by: 
winter ventilation through the atrium and a thicker, better insulated wall with lower U-values, 
respectively (Fig. 9).  
 

 
 

Figure 9. Flat A, monthly loads 
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Solar gains  
 
It was observed on the graph that solar gains are quite low in this flat (24 kWh/m2 yearly). 
Such a low value could be explained by the wall thickness, which allows for a smaller amount 
of heat generated by solar radiation to get into the flat by conduction or convection. Albeit in 
summertime such amount of heat coming from solar radiation is diminished as well, this flat 
will need shading devices as an additional measure in order to reduce cooling loads further.  
 
As it can be seen on the graph, heating loads in midseason months are very low because the 
building becomes less responsive to outside conditions and effect of solar gains becomes 
more significant. As heating loads in April and October are very low, further improvements in 
energy performance will result in a complete avoidance of active conventional heating during 
these months.  
 
The goal of these thermal simulations is to see how much energy will be consumed on the 
best performing case in the converted building and the results obtained are very promising. It 
is clear that the atrium solution worked very well in the climate of Moscow, particularly 
because the atrium is free running mode and do not consume energy for heating or cooling. 
 
A similar situation occurs with air tightness. It is clear that further improvements in air 
tightness and consequently, the use of a mechanical ventilation system, could bring even more 
reduction in heating loads.  
 
Other strategies such as compactness and orientation were confirmed to be important in a cli-
mate like Moscow’s.  
 
Generally, the idea was to see how a building of such typology would respond to energy 
efficient improvements and if these results would be reasonable in terms of energy 
consumption.  
 
 
Daylight performance of the flat  
 
The proposed space distribution of Flat A (as defined before) was tested using the software 
Ecotect in order to see how it will perform with an overcast sky with an illuminance of 4000 
Lux (as a worst case scenario)  – see Figure 10. Daylight levels were observed and, according 
to the benchmarks established in the CIBSE Guide A (2006), further conclusions drawn. In 
winter, daylight levels are generally low and are caused by the geographical characteristics of 
Moscow rather than its design flaw. During summer, the daylight levels of the flat are much 
better, except for the middle part because it is separated by internal partitions.  
 
This leads to the conclusion that the problem may relate more to the distribution of daylight 
rather than to its levels. It is clear that internal partitions could create problems with daylight 
distribution. This means that daylight distribution could be solved using simple measures, 
such as adding fanlights into internal partitions.  
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Figure 10. Flat A, comparing daylight in December 22nd and June 22nd. 
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Comparison with the other performances  
 
The case study observed in this article for a refurbished flat is a significant step towards 
energy efficiency in Moscow’s houses and in Russia generally.  
 
It was clear from the beginning that flats will not perform as good as the Swedish passive 
house (which was selected as a reference because they both are located in a similar climate). 
The Passive house standard stipulates a very airtight new construction along with a heat 
recovery ventilation system. However, it was interesting to establish whether reduction in 
heating loads could be comparable to the passive house standard (Fig. 11).  
 
Flat A had 69% reduction in heating loads and it is a very efficient example, as it has an even 
higher percentage in terms of reduction of heating loads than the Swedish passive house.  
 
 

 
 

Figure 11. Comparison of heating demands of a Moscow’s standard flat with flat A, versus 
comparison of heating demands of Sweden’s standard house with Swedish passive house. 

 
 
 
CONCLUSION FOR THE PROPOSED INTERVENTION  
 
The lack of energy efficiency considerations is a direct result of the current situation in the 
Russian building sector. For this reason, demolishing and constructing new buildings is still 
assumed as the easiest solution; this sometimes occurs even with listed monuments.  
 
Opportunities provided by refurbished buildings confirmed that in general the advantages of 
refurbishment exceed their disadvantages. This research aimed to demonstrate that 
refurbishment might be a better solution, particularly in the context of the existing urban fabric.  
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The article was aiming to study how well a converted building could perform. This was done 
in order to highlight an applicability of the building conversions. How simple measures could 
revitalize the whole area around. The case study shows how the existing density of the area 
can be preserved by bringing a new life to a building. 
 
The proposed intervention could be difficult in terms of construction, but numerous 
precedents of silo conversions confirm the feasibility of the proposal. Ultimately, it is obvious 
that any new use applied to this kind of building will require a partial demolition of the 
existing structure. Nevertheless, the payback period for this building could be quick, as the 
real estate value in the area rises, as it gets developed. 
 
The idea that, converted industrial buildings could become very exceptional and attractive 
dwellings with a greater spatial quality than typical flats, becomes a particularly significant 
objective in the context of Moscow, with its dull conventional residential blocks.  
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