


Technical plan

This is the Team Sub-Zero technical plan for Zero! innovation competition in Spring 2016. The plan 
was made as a study project in Helsinki Metropolia University of Applied Sciences by Bachelor's 
Degree for Civil Engineering: Sustainable Building Engineering students Ali Akhondzada, Tommi 
Piirainen, Kirill Sokolov and Jianlin Sun. The purpose of the study is to find innovative technical 
solutions for renovating the existing building stock, especially the 1960’s and 1970’s concrete element
multistory buildings. The aim is to reduce the energy demand of these buildings along with other 
targets to meet the upcoming European Union 2020 requirements for new buildings. In Finland 
around 25 % of all energy used to heat buildings and therefore in order to reduce the carbon footprint 
of building sector, reducing space heating and domestic hot water heating demands is top priority.

Energy savings of a building can be achieved through several methods. Primarily, the space heating 
demand of the building is reduced through passive methods by decreasing the heat losses of a 
building. This can be achieved by improving the thermal performance of the insulation, avoiding cold 
bridges in structures against ambient and improving the air tightness of the envelope. Secondly, the 
primary energy demand is reduced by using energy efficient methods to produce the energy for space 
heating and domestic water demands and using heat recovery where applicable. All devices using 
electricity should be as energy efficient as possible. Thirdly, the production of renewable energy on-
site should be advocated. 

Other goals of the technical plan is to introduce new ways to use the existing spaces available, 
enhance the aesthetics of a building, improve indoor air quality and avoid increasing maintenance 
costs. The overall budget of the project and life-cycle cost calculations can be found from the 
Business Plan for this project.
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1. Renovation concept

The philosophical approach to the renovation in this project is to increase the comfortability of the 
living conditions in the building and in its immediate surroundings and decrease the environmental 
impact of the building with lowest possible life-cycle cost and minimum disturbance to the occupants. 
These elements together will increase the desirability of the apartments, improve the image of the 
housing company and financial value of the assets.

Goals of the renovation project is to alter the following factors of the building:

● Reduce the primary energy demand of the building
● Increase the proportion of the renewable energy over the total energy usage
● Improve the indoor air quality
● Decrease the thermal contrast of the indoor surfaces during low outside temperatures
● Improve the aesthetics of the building
● Increase the occupant participation by creating cozy common spaces
● Decrease the short-term and long-term costs allocated to the housing company
● Minimize the environmental impact of the renovation and use of the building
● Introduce lightweight yet effective way to repair the building
● Create lucrative model for the construction sector to be used in renovation of the buildings of 

the same era

This plan examines the architectural, structural and technical components of a typical Finnish 1960’s 
and 1970’s concrete sandwich element multistory apartment building. In order to design any effective 
solutions, a deep enough understanding of the current situation of the building is required. The energy 
economy of the building has to be calculated and air flows and noise production should be simulated. 
A survey to users including the occupants, maintenance company and administration may reveal 
issues which no simulation can address. 

The proposed solutions or concepts are limited to those under the liability of the limited liability 
housing company. Total HVAC-renovations are left outside the scope of this study in purpose, as 
repairing the drains and pipes and remodeling the bathrooms and kitchens do not usually improve the 
energy efficiency of the building and should therefore be studied separately. Also any other 
renovations inside the apartments or replacing any electrical systems under the liability of the owner 
of the apartment should be examined separately.

The renovation concepts introduced in this study are the following:
1.1 – Facade renovation
1.2 – Window replacement
1.3 – Roof remodeling
1.4 – Staircase and entrance
1.4 – Ground floor
1.5 – Heat production
1.6 – Electricity production
1.7 – Ventilation
1.8 – Energy monitoring
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1.1 Facade

Generally, renovating a facade can be done in a broad variety of ways from reconstructing the 
structures or their parts to small, local repairs of the coating. The strategy choice depends greatly on 
the current state and performance characteristics of the building facade, desired amount of 
improvement, budget, general renovation work strategies and policies, clients requirements, climate 
conditions and materials and workmanship skills available. Almost every renovation project will have 
more or less unique combination of these factors, which will obviously have impact on decision 
making process and work concepts. In this section different methods for renovating the building 
facade are introduced. The aim is to improve the thermal and moisture performance of the facade in 
addition to enhancing the aesthetics with lowest possible disturbance during the renovation. 

A significant part of interior heat is lost through the building envelope during heating season. Typical 
exterior wall structures of 1970s sandwich concrete element structures have U-values around 0,4 - 0,7 
W / m2K. In Southern Finnish climate this accumulates to annual energy loss through opaque walls of 
18-30 kWh per square meter of floor area.  Commonly the transmission losses through walls account 
to around 15 % of the total heat loss of the building. Thus, it is recommended to improve the thermal 
performance of the walls. 

Apart from from the thermal resistivity of the facade structure the moisture performance has an 
impact to the thermal performance and especially to the durability of the structure. Facade in typical 
1970’s flat roof multistory buildings is susceptible to weather as no overhangs are present. Rainwater 
may penetrate the outer surface of the wall structure if the material is not waterproof. Using 
waterproof materials could be a solution, but they increase the moisture problems inside the structure 
as the relative humidity of the air cannot easily escape outside. Cracks and failures in the rendering 

2



can also expose the structure to weather. The wetting of the facade materials decrease the thermal 
performance of the wall, deteriorate the structure through freeze-thaw cycle and increase the risk of 
moisture-related problems. Ventilated facades are a good solution to tackle the problems of caused by 
wetting of surface materials from rain. 

Renovating the facade system may not only influence the thermal and moisture performance of the 
envelope, but can also lead to improvements in the outlook of building and its aesthetic features, 
adding more value to the work by improving the attractiveness of the building. Using colors and 
patterns may change the outlook of the building in positive way. The occupants of the building should 
be included in the design process to give the building a unique look reflecting the collective taste of 
the people living in the building.

1.1.1 External insulation + 1/3-layer rendering

Mineral wool slabs are largely used for building insulation purposes. They provide good decrease in 
thermal conductivity of the structures, are largely available on the market and easy to install on the 
existing structures. Moreover, they withstand temporary contact with water during renovation period 
and are able to pass through the water vapor from the inside to the outside. However, prolonged 
contacts with water must be avoided, which means that the insulation must be covered with a 
weatherproof coating system. Typically one or three layers of lime-based rendering is sprayed on top 
of the mineral wool to create the outermost surface. 

The material comes in compressed batts of rectangular shape. Up to 75 % of mineral wool is made of 
recycled materials. The particles of the material can cause irritation, so safety equipment while 
assembling is necessary, and the insulation must be isolated from the indoor spaces. 

Simulations have shown that by adding 100 mm of modern mineral wool directly on top of the 
existing building structure, the U value of the wall is decreased from 0,416 W / m2K to 0,18 W / m2K. 
This would decrease the annual transmission heat losses of a typical building to around 9 kWh per 
square meter of floor area. 

1.1.2 Mineral wool insulation with ventilated facade

In this method instead of adding the rendering on the new insulation, a ventilated air cavity is added 
by installing vertical brackets. On the brackets a new weatherproof layer is installed. The cavity 
improves the ventilation of the facade through stack effect and allows any accumulated condensation 
to evaporate. The weather proof layer will protect the structure from moisture stress caused by rain 
and snow. Extra attention has to be put on the design of these brackets to avoid cold bridges in the 
structure.

The outermost layer could be a rock- or fiber concrete-based boards, but with a small extra price an 
aluminum or steel sheeting is possible to apply. This allows much greater creativity for the surface 
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pattern or coloring and is is extremely durable and non-corrosive. In addition, aluminum and steel are 
recyclable. Using air cavity also gives a theoretical boost to the thermal performance of the structure 
as the heat transfer resistivity of the outer surface of the mineral wool increases due to added wind 
protection. 

1.1.3 Double-skin facade

On the facade where the balconies exist, an alternative solution for insulation would be to construct a 
transparent double-skin facade. In this solution, a large air cavity is created by installing a curtain wall
supported by the existing balconies. The glass surface will add weather protection to the facade 
keeping it dry at all times and thus improve the thermal performance of the wall. 

Additional benefit of the double-skin facade is the passive heating effect of the cavity. The transparent
skin allows for solar radiation to heat the air in the cavity. Higher temperature of the air against the 
facade structure allows for lower transmission losses. The air in the cavity can also be used for supply 
air for the ventilation of the building. As the air is preheated the space heating demand of the indoors 
is decreases and the indoor air quality is increased. Outside the heating season special hatches on top 
of the cavity can be opened to release excessive heat.

During the summer, the horizontal platforms between the floors act as a solar shader. They let the air 
pass through them, but prevent the solar radiation during middle of the day to reach the windows on 
the facade. This effectively prevents the overheating of the spaces by limiting the heat gains from 
solar radiation. The platforms also make it possible for the window cleaners to work safely inside the 
cavity. 
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A significant economical benefit from the double-skin facade is the fact that existing balconies no not 
have to be disassembled to avoid cold bridge effect as in typical insulation. This shortens the 
renovation time effectively and creates much lower disturbance to the occupants during the renovation
works. The double-skin facade is premanufactured according to measurements and is assembled into 
frame supported by the existing balconies. If the span between the balconies is too long an additional 
support column can be built with foundation on the ground.

1.2 Windows 

Replacing windows is another significant improvement to the building's energy performance. 
Replacing old windows with a typical U-value of 2,1 - 2,9 W / m2K with new ones with lower U-
value decreases the heat transmission losses. At the same time the window installations are made 
more airtight thus decreasing the risk of moisture damages in structures. With A++ windows (4-pane 
U-value 0,65 W/ m2K) reduces annual heating demand by 37 kWh / m2, when A class triple glazed 
windows (U-value 0,8 W / m2K) allow for 34 kWh / m2 reduction. In a typical 1970’s concrete 
element multistory apartment, this means a 10~15 % reduction in heating energy consumption.

The supply air to the apartments could also taken from the pre-installed vents in the window structure 
and the air is preheated by circulating it through the cavity between the outer and second glass pane. 
By using these so called passive air preheat window structures the temperature of the supply air to the 
apartments during winter months can be 10-15 oC higher compared to supplying the air directly from 
outdoors. This reduces the feeling of draft and reduces the space heating demand. During summer to 
decrease the possibility of overheating the preheating can be bypassed by turning simple lever inside 
the apartment in the window frame. Another switch controls the size of the outdoor air opening. These
controls give the occupant some control over the supply air temperature and flow volume increasing 
occupant satisfaction. Windows with outdoor air vents can be fitted with air filters where necessary to 
improve the indoor air quality.
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Changing the windows can be considered lightweight renovation as it requires relatively small work 
inside the apartment. Windows for several apartments can be changed in one day if organized properly
and communication with the occupants is swift. In case the renewal of the windows is not done, the 
air tightness and condition of the existing windows should be assessed and repairs done when needed 
as even small improvement of windows has relatively large impact to energy economy of the building 
and occupant comfortability.

1.3 Roof

1.3.1 Roof refurbishment

The roof materials of the building are to be changed for two reasons. Firstly the waterproof layer, 
typically made of bitumen-felt, is worn out and leakages are possible. Also the aerated lightweight 
concrete pellets used commonly for insulation purposes perform rather poorly from the thermal 
perspective (U-value ~0,3 W / m2K) and deformations in the roof surface profile are common 
resulting in water being trapped on the roof. 

By replacing the pellets with modern mineral wool batts the roof sloping towards drains is ensured 
and improved thermal performance is achieved. U-value of the structure lowers to 0,09 W / m2K 
causing transmission losses through the roof decrease to one third of the original. Overall this 
renovation alone decreases the energy consumption of space heating around 4-5 %.

1.3.2 Roof remodeling

In addition to the refurbishment of the roof, a new way to use the space over the building could be 
considered. A new access can be built from any or from all of the existing staircases by cutting a hole 
to the concrete slab and installing stairs. In order to avoid the expensive renewal of the elevator, the 
accessibility to the roof can be achieved by installing a lift attached to the railing of the new stairs. 
These stairs and lift can be also used for maintenance purpose of the technical systems accommodated
on the roof. By using stairs instead of ladders installed outside the building the work safety for the 
maintenance staff is immensely improved. In case the existing elevator of the staircase is renewed or 
it does not exist and is being installed, it should be designed in a way that it can access the roof.

Various possible uses for the now accessible space can be considered. A greenhouse concept employs 
a series of items suitable for a range of variations for projects of this type. Depending on the existing 
building’s orientation, occupant categories, income level, surrounding context, a number of design 
components could be utilized to tailor-suit a project in its specific context. This means that the owners
of the project can decide which of the following components are to be used in their project, thus 
increasing the occupant involvement. Indoor plantation should be considered as a schematic approach 
in providing a pleasant space for user participation among the occupants. A primary driver for 
marketing should be focused on utilities provided for the occupants in creating a public space for 
gatherings and communications. 
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There are two themes for the indoor plantation. Low maintenance vegetation provides a minimum 
impact on upkeep but yield similar results in indoor air and living quality. Communal gardening 
allows maximum user participation with a reward of local yield of consumable vegetables all year 
round. However in order to receive necessary return a high level of maintenance is required which 
may not be suitable for certain occupant demographics. Rainwater harvesting can be utilized to 
irrigate the plantation in the greenhouse to reduce the potable water demand.

In another solution an additional floor with extra apartments is built on top of the existing building. 
This approach is quite common and the income from selling the extra apartments has a proof-of-
concept for financing the renovation of the total project. The achievability of this concept depends on 
the demand for new apartments in the area. 

Conceptual image of building where the sauna and storage spaces from ground floor have been moved to the 
roof. Spaces in the ground floor (street level) can be used for commercial / communal purposes.

Relocating sauna from the basement to the roof level frees up certain spaces in the basement for the 
other purposes such as generating income to cover the cost of renovation. Having being located within
a greenhouse environment, the heat cast off from the sauna could be used as an additional source for 
heating up the green surroundings. Sauna at the roof level improves the views, lighting conditions and
feeling of space for the bathing facilities, which in term increases the value and desirability of the 
building. An additional room or terrace for relaxing with a fireplace for example could be added with 
glazed walls. A possibility to use thermal mass for flooring of the glazed area to utilize passive 
heating should be examined. Additionally, it’s usually a pleasant feeling to walk into a natural and 
bright environment upon finishing sauna instead of a dark and moist hallway. For this approach the 
roof for the sauna section can be a typical opaque structure accommodating the solar panels or 
collectors on the roof. Sauna can be fitted with both electric and wood burning stove. 

7



The glazed enclosure could also in addition to the sauna accommodate a shallow swimming pool. The
water volume of the water in the swimming pool has to be determined according to the structural 
load-bearing capacity of the existing roof. By locating the swimming pool to the top of the building 
less cleaning is required as the tree leaves cannot easily fly there. The glazed enclosure will preserve 
the heat and also an additional covering for the pool can be built.

1.4 Staircase refurbishment

In many cases, the staircase works as a ventilation supply duct for the apartments. The lack of proper 
outdoor air vents in the apartments can cause the supply air to be draught to the apartments from the 
staircase through mailboxes. The lack of control for air flows results a airflow producing noise. In 
order to address this issue, proper ventilation procedures should be included in the renovation process 
to provide the maximum amount of comfort to the local occupants. Replacing the apartment doors 
improves the noise suppression and improves the fire safety by preventing smoke flowing from the 
staircase to the apartments in case of fire. Changing the apartment doors is a fairly simple and fast 
operation. 

New entrances to the staircases from the street with two separate pair of doors for each staircase can 
be added. The inner pair of doors can be automatically operated with movement detection. By 
creating this type of vestibule the draught in the staircase is limited and the air flow in the staircase 
can be controlled. This removes the typical noise created by too high air velocities. Echo noise made 
by people moving in the staircase can be limited by installing fire-proof noise absorbing boards in 
critical positions. 

Any piping or electricity wires required for the technical systems on the roof should be installed in the
walls of the staircase. This way the thermal losses from the heat pipes is reduced and the pipe or 
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insulation materials are not exposed to weather. Pipes and cables should be covered inside an 
enclosure to protect them from misuse and improve the aesthetics. 

1.5 Ground floor 

1.5.1 Ground floor refurbishment

This concept covers the refurbishment of the spaces in the ground floor. Any existing cool storages 
should be deconstructed as the utilization of them is extremely low and energy efficient refrigerators 
and freezers are now being placed to kitchens inside the apartments. Space relieved can be converted 
to ordinary storage spaces. All surfaces should be repaired and any toxic materials removed in order to
improve the indoor air quality. The common sauna along with the washing room and clothes change 
room usually need to be renovated as the waterproofings, panelings and water fittings are at the end of
their life-cycle.

1.5.2 Ground floor remodeling

Instead of renovating the cool storage to ordinary storage a new way to utilize the ground floor could 
be found. Also the spaces allocated for bicycle/sports equipment could be moved outside the 
apartment to external storage. These spaces could be renovated for office / commercial / communal 
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uses.  This approach generates income for the housing company as the spaces could be rented out. 
Also relocating the common sauna on the roof instead of renovating them as they were relieves even 
more space accessible directly from the street level. Possible uses could be a kiosk, a gym, small 
shops or a day care center. Daytime activities in the ground floor makes the building more communal 
by improving services and increases the attractiveness of the residential area. Commercial spaces 
generate an income of around 40 € / m2 whereas leases for office spaces are in the range of 10-20 € / 
m2. 

1.6  Production of space heating and domestic hot water

This part covers the active methods to fulfill the space heating and domestic hot water heating 
demand of the renovated building. Methods introduced here are separated, allowing a comparison 
between them and against the existing system. Further in the paper are studied the possible scenarios 
combining these modules in the most cost / energy-efficient way. Accurate calculations can be 
found from the appendices. Systems introduced here are: Exhaust air heat recovery heat pump, solar
collectors, district heating and geothermal / wastewater heat pump.

The primary purpose of the heat production systems is to reduce the primary energy demand of the 
1960-1970’s buildings usually without heat recovery. The goal can be achieved by using systems with 
high thermal efficiency and increasing the proportion of the renewable energy sources. Second 
criterion is to achieve the first goal in the lowest life-cycle cost. Technical feasibility and minimum 
disturbance to the occupants of the building during the renovation period is also discussed.
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1.6.1 Exhaust air heat recovery 

It can be assumed, that the building has an existing exhaust air network; it is either based on natural 
ventilation driven by the stack effect or mechanically driven by fans. The exhaust air of the ventilation
system is extracted from the roof to environment.

The existing exhaust fan is replaced with exhaust unit with heat recovery coil. Heat energy recovered 
is stored with a heat pump to a hot water storage placed usually in the technical room. An average of 
20 kW of heat power can be recovered from an airflow of one cubic meter per second. As the 
temperature of the exhaust air, around 21 C, stays rather stable year round independently from the 
temperature of the environment and the flow of the extracted air is rather constant, the captured 
heating power and energy can be estimated quite accurately. Annual coefficient of performance (COP)
for generating temperature levels required by space heating is in the range of 4 – 4,5. This means that 
generating one kWh of heat energy requires 0,25 – 0,22 kWh of electricity to drive the heat pump. In 
addition, the fans require electricity to run.

However, the losses in the transfer of the heat, temperature variations in the heat storage and 
inconsistency in the demand of the heat limit the practical energy available to range of 75 – 85 % of 
the theoretical amount. Furthermore, exhaust air heat pump can effectively produce temperatures up 
to 50 degree Celsius. Producing higher temperatures higher than that requires priming the supply 
water with electrical heating coils which reduces the annual COP of the system significantly. For this 
reason the system should be used for space heating purposes only which require lower temperatures. 
Outside heating season, the heat pump is turned off and only the extraction fans run to keep up the 
ventilation rates in the building.

Exhaust air heat recovery pump unit will be placed on the roof of the building. Different type of cover 
materials can be used to camouflage the unit. 

Exhaust air heat recovery pump does not require extensive renovation to the building. Installations of 
the system are limited to the roof of the building and technical space in the basement. Connection 
pipes can be installed to the external facade of the building of into the staircase shaft. The exhaust 
airflow is designed according to the need of each ventilation shaft, and multiple exhaust recovery 
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units can be connected in parallel to the heat pump situated in the technical room in the basement of 
the building.

To increase the annual coefficient of the performance (COP) a hot water storage can be installed to 
even the difference in the supply and demand of the heat caused by variations in weather and usage of
the building around the day cycle. The larger the amount of stored heat in disproportion to the 
temperature of the stored heat, the better the COP of the system. This is caused due to the fact that 
heat pumps work more efficiently in the lower temperature ranges.

Heat pumps require electric power to work. The maximum power demand of the heat pump has to be 
carefully considered, as the larger electric connection to the grid may melt down some of the financial
and energy savings made through heat recovery.

1.6.2 Solar collectors

Solar collectors capture energy from the shortwave radiation of the sun by absorbing the heat to 
special surfaces and onwards to heat transfer liquid circulating between the collector and a heat 
exchanger. The heat exchanger conducts the collected heat from the work circuit to the hot water 
storage. The heat capture potential of the collectors vary depending the technology used (vacuum 
tubes vs. plate collectors) and the inclination to the sun, but an annual average of 500 kWh per 
installed square meter of collector can realistically expected in southern Finland latitudes. What is 
important, the solar collectors can cover significant amount of domestic hot water heating demand 
during the summer months.

1.6.3 District heating

If the building has an existing district heating connection, it is usually cost efficient to continue to 
fulfill the annual energy demand. Firstly, the priming of the DHW needs to be covered, as the exhaust 
air recovery heat pump cannot produce temperatures over 50 degree Celsius. Domestic hot water 
temperature has to reach the temperature of 55 degrees in order to fulfill the building code and prevent
bacteria growth. This temperature difference is covered easily with district heat. 

Around 75 % of the district heat available in Finland is produced in combined heat and power (CHP) 
plants. The excess heat produced in electricity generation process in thermal power plant can used to 
heat buildings and domestic water, which increases the energy efficiency of the thermal power plant 
significantly. The high utilization of released energy in CHP plants leads to relatively high fuel 
efficiency of the production process.

On average, the exhaust air heat recovery pump can produce some 60 % of the annual energy demand 
of the building and solar heat can produce some 10 – 15 % on top of that. This leaves 25 – 30 % of the
annual energy demand to be covered with district heat. As the maximum heat power and annual 
energy demand of the district heat exchanger are significantly lowered the connection power defined 
in the contract between the housing company and the district heat provider can be smaller than 
previously creating substantial savings.
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1.6.4 Geothermal / wastewater heat pump

In case the district heat is not available, for example in buildings that are heated with oil, a 
geothermal/wastewater heat pump with heat wells might be the solution to cover the annual energy 
demand. Geothermal heat pump transfers heat energy to the system from the heat in the ground water 
through heat wells or nearby surface water body through collector loop submerged in the water. Both 
systems provide very stable energy supply to the hot water storage independent from the weather 
conditions. 

Wastewater heat pump recovers the heat from the wastewater of the building. The advantage over the 
geothermal heat pump is the relatively higher temperature range of the wastewater and lower capital 
cost, as no heat wells are required. If the main sewage leading the wastewater from the building needs
to be renovated anyway, the capital cost of the wastewater heat collector diminishes even further. The 
disadvantage of this system is the constant variation in the recovery capacity of the heat source. The 
technology is also at a rather experimental stage and life expectancy of the system and maintenance 
requirements are still unknown.

1.7 Electric heating and photo-voltaic solar panels

The use of electricity for direct heating purposes of buildings is not generally recommended. Energy 
efficiency of direct electrical heating is at best 100 %. Although sounding a good at first glance, in 
terms of coefficient of performance this value translates to 1.0. Heat pumps for example have a COP 
of 4.0 or 2.5 depending on the usage, which means they produce heat with efficiency of several 
manifold compared to direct electrical heating. 
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However in cases where production of heat is partly or completely changed from district heat to heat 
pumps, the overall electricity usage of a building increases. To cover the increased electricity demand,
an on-site production of electricity is needed. Windmills don’t generally suit the demands of a 
residential buildings due to the noise and vibration produced by the rotor and generator and strict 
requirements for wind speeds and rotor height. Legislation may also hinder the construction of 
windmills in densely populated areas. 

Solar photo voltaic panels however are becoming cost-efficient way to produce electricity if 
unobstructed line-of-sight to the track of sun is available. Typically pv-panels are situated on the roof 
of the building in a tilt of 15-45 degrees, but in Finland it might be also possible to install panels 
vertically on the facade, which prevents them from burying under snow. The low declination of sun 
during winter months gives more perpendicular angle for solar radiation towards the panel surface, 
which increases efficiency of the panel. This advantage is lost during summer months unless the 
panels can be tilted down.

An average quality solar panel in optimal angle produces annually around 788 hours (~9 % of the 
time) of electricity on nominal power of the panel. As an average nominal power of panels currently 
available The most cost-efficient way to use solar energy is, when the building can use all the 
electricity which it creates. At the current, the charge back price from electric company for electricity 
which the building does not use, is so low that it does not make sense to increase the nominal power 
output or the annual energy production to exceed the demand. Batteries for storing energy created 
during hours when demand is low should only be considered when all electricity usage of the building
is considered.

1.8 Ventilation

The goal of this module is to improve the indoor environment without extensive construction work 
inside the apartments. The existing extraction system is used by throughout cleaning the ducts and 
adding the heat recovery with heat pump with new exhaust fans onto the roof. Energy efficient fans 
with low specific fan power and low noise power should be used.

As explained in the window repair module the supply air to the apartments is lead through the 
adjustable outdoor vents in the new windows. In case the windows are not needed to change 
additional supply air vents can be installed to the existing window frame during the refurbishment. 
The occupant controls the outdoor air quantity and temperature through setting the heat recovery rate 
of the window and size of the opening. The extraction vents in the bathroom and kitchen react to the 
airflow created by the pressure difference between the apartment and extraction duct. If the outdoor 
air vent is closed, the spring loaded exhaust vent also closes, but not completely, in order to sustain a 
minimal under pressure and small air flow in the apartments. The exhaust airflow rates to the roof are 
controlled through the fan speed curve following the the negative pressure in the extraction duct. This 
way the under pressure does not increase excessively, noise produced by high air velocity is prevented
and unnecessary energy losses trough fan power and ventilated air is minimized.
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Working principle of the ventilation

Duct cleaning and terminal change is rapid work stage and requires only light work inside the 
apartment. This method requires only little disturbance to the occupants during the renovation. During
the commissioning phase all inlets and outlets are checked, pressures and airflows measured to meet 
the designed values.
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1.9 Real-time monitoring of the energy usage

A system connected to the energy meters of the building could be installed giving real-time 
information about energy usage to users and administration of the building. A mobile application for 
example could show the users what is the current power, the last hour trend and weekly, monthly and 
annual energy usage compared to past. People tend to change their behavior of energy usage when 
they get feedback from it. For example opening a window or increasing the ventilation rates during 
heating period increases the energy usage which the user can semi-directly see from the application. 

Another feature of the application could be a real-time information of current energy price. The user 
could base his/her decision of energy usage according to daily trend of energy price and move usage 
out of peak load hours. This feature is already utilized in many consumer scenarios where either the 
users by themselves or automation through smart grid application turns on or off electric heating loads
according to preset price curve. Also suggestions for energy savings can be given through the 
application to the user. 

2. Renovation scenarios

In the following section are introduced different combinations of aforementioned concepts. Each 
building and the limited liability housing company administrating it has it’s unique requirements 
depending on the energy saving or technical requirements, economical resources, technical life-cycle 
stage of different components and the demands and expectations of the occupants. Most multistory 
buildings are connected to district heating network, while some aren’t. The local price of the energy 
may be the driving force to enhance the energy performance of the house or the desire to save energy 
may come from environmental awareness of the occupants. 
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On each of the scenarios, the proposed renovation concepts included are shortly described and impact 
on energy usage as well as cost is given. More accurate heat, electricity and primary energy 
demand as well as cost calculations for a reference building about the scenarios introduced 
below can be found from the appendices. 

2.1 Scenario 1: Typical renovation

This scenario represents the renovation method, where no extra effort is put to improve the energy 
efficiency, user comfortability or cost-efficiency. The building is repaired as it was, where applicable. 
This renovation scenario serves as the comparison level for the other scenarios for energy 
efficiency and economical comparison. 

The facades are refurbished as they were by repairing any cracks or corrosion of the reinforcement of 
the rebars. Facade is painted as it was when necessary. Sealings of the elements are renewed. Repair 
as it was has no significant impact on energy consumption. 
Windows are repaired by fixing all sealings between wall and frame and frame and pane. This 
improves the air tightness of the windows. Usually the thermal performance of the building can be 
improved up to through these repairs up to 5 %, but on average more like 1~2 %. The roof is repaired 
by changing the insulation and rainwater membrane. Up to 4~5 % of heating energy can be saved. The
ground floor spaces are renovated along the common sauna and utilities. The district heat plate heat 
exchanger is replaced with new and the ventilation extraction network is cleaned. Overall this 
scenario decreases the primary energy demand by ~6 %. 

Average cost for the typical scenario with action mentioned above compounds to around 260 € / NFA.
Facade refurbishment costs around 125 € / NFA, window fixings around 15 € / NFA, roof refurbish 
around 75 € / NFA, ground floor refurbish around 30 € / NFA, district heating plate heat exchanger 
and line valve replacement around 10 € / NFA and ventilation network cleaning around 1 € / NFA. 

2.2 Scenario 2: Basic energy renovation

This is the fairly common energy renovation scenario done currently. New insulation layer is attached 
on top of the old facade and one/three-layer rendering is sprayed on top. Roof is replaced with new 
materials and windows are replaced with modern ones. Ground floor is refurbished as in typical 
renovation scenario. To decrease the energy consumption of the building, a extraction air heat 
recovery pump is installed along with new district heat plate heat exchanger. Ventilation ducts are 
cleaned and air flows are balanced.
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Overall the basic energy renovation can decrease the primary energy demand over 20 %. Cost for the 
renovation is around 420 € / NFA. 

2.3 Scenario 3: Maximum energy savings renovation

In this scenario, the target is to achieve lowest realistically possible primary energy demand for the 
building. In addition to the renovations in basic energy renovation, a double-skin facade is installed to 
the sunnier side of the building and instead of using rendering on top of the new insulation, a 
ventilated facade is used. Windows, roof and ground floor are renewed or refurbished. District heating
is replaced with geothermal heat pump and extraction air heat recovery pump is installed along solar 
thermal collectors. To reduce the increased electricity consumption, great amount of photo voltaic 
panels are installed on the roof along with solar thermal collectors. 

Theoretically, the annual net energy consumption can be zeroed giving 100 % energy savings, 
however it comes with an extremely high cost. Realistically, over 80 % energy savings can be 
achieved without extending the renovation cost too far. Overall price for this scenario is around 670 
€ / NFA, where around 20 % of the cost are generated from the massive amount of pv-panels. If a 
beneficial charge back contract with the energy company can be settled, the income from the excess 
electricity during summer months may improve the financial executability of this scenario. 

2.4 Scenario 4: Optimized energy renovation

This scenario tries to implement the best features of all above mentioned scenarios. Energy demand of
the building is being reduced, aesthetics and  indoor air quality improved, long-term and short-term 
costs are being kept at bay and building value is increased. A new way to use the existing spaces is 
introduced, which increases the desirability and interest over the housing company. 

Roof is remodeled by adding sauna and glazed enclosure there while renewing the roof structure at 
the same time. New rental spaces are located to ground floor to spaces relieved from sauna and cold 
storages, which will generate lease income. Facades are renovated with new insulation and ventilated 
outer layer. Windows are changed to new ones and the double-skin facade is added. New vestibules 
are constructed on the entrances. 

Technical systems are renovated by adding heat pump recovering heat from the extraction air, district 
heat heat exchanger is renewed and pv-solar panels as well as solar heat collectors are added. Primary 
Energy consumption is reduced by 50 % while cost / NFA is about 550 €. 
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3. User quality

3.1 Communication with the clients

Having understood the demographic categories of the occupants it is important to tailor the renovation
concepts to the needs of the clients. Open, transparent engagement of user participation is key in 
providing necessary input to result a proper feedback. Often times the behavior of honest approach in 
certain criteria with larger than expected expenditures could be mitigated by openly communicating 
the ideas across to receive proper support. In other words, under the circumstance that more money 
should be spent on certain installations, it is possible to negotiate with the clients provided an open 
communication channel is available. More about the communications plan can be found from the 
business plan of this project.

3.2 Minimal disturbance approach to the clients

The renovation process should come in as little of disturbance to the occupants as possible. This 
means less intrusion to the private apartments and allowing clients to continue their normal routines 
while renovations to the building are carried out. As previously stated, an open communicative 
channel should be created to quickly respond to client feedbacks and make adjustments when 
necessary. Scheduling plays a great role when necessary works inside the apartments are done. 
Ventilation refurbishment should be scheduled for the same day as window change. If a new sauna is 
built on the roof, it should be finished along with the new access before the old one is being 
demolished. All work stages which create noise or dust should be scheduled during the middle of the 
day, when least occupants are home. 
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4. Environmental quality 

 

4.1 Mineral wool insulation

Mineral wool  is a convenient and relatively cheap insulation material, which makes it very popular in
construction. While keeping to safety regulations when handling, mineral wool does not influence the 
worker's health. The effect of mineral wool to the environment is mostly due to the emissions during 
the production stage, which can be reduced by post-burning the fumes from furnace, and emissions 
during transportation. Formaldehyde is used as a binder in some types of mineral wool, however, with
a proper installation, it does not affect the room air quality. There are some experimental samples of 
formaldehyde-free mineral wool, however, not very broad on the market yet. On average, mineral 
wool has 75% post-industrial recycled content. However, mineral wool does not contribute to 
(H)CFCs emissions, as opposed to most of foam insulation materials.

4.2 Aluminum ventilated facade coating sheets

For the ventilated facade module 1.1.2 an alternative for using aluminum sheeting was 
introduced. Most of the aluminum products are made of fully recycled material, as aluminum 
does not lose its properties when remelted. Energy that takes to recycle aluminum comprises 
about 5% of the energy required to produce it from raw materials, which also encourages 
recycling. 
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A1: Energy balance sheet

Gross area: 3300

Demand kWh / NFA kWh

space heating 77 254100

DHW 14,8 48840

Total heat 91,8 302940

electricity 30,2 99660

Total demand 122 402600

Total PE 115,6 381480

District heat PE factor 0,7

Electricity PE factor 1,7 Scenario 1: Typical Renovation Scenario 2: Basic Energy Renovation Scenario 3: Maximum Energy Savings Scenario 4: Optimized Solution

Energy savings

Facade

- facade refurbishment

- insulation w/ rendering

- insulation w/ ventilation

- DSF

Windows

- preheat

- refurbish

Roof

-refurbish

- glazed enclosure + sauna

Technical systems

District heat plate exchanger renewal

On-site production

- exhaust air recovery

- Geothermal space heating

- geothermal DHW

- solar collectors

- PV-panels

Energy consumption

Space heating

DHW

Ext electricity

Extraction air HP 0

GHP 0 0 0

solar collectors

Total consumption 377600 336850 156971 338450

Final demand

DH Space Heating 0

DH DHW 0

Electricity

Primary Energy

Annual Primary Energy Demand kWh

PE / NFA 110,3 84,6 21,6 61

Reduction from original kWh

Reduction from original PE  / kWh 5,3 31,0 94,0 54,4

Reduction from original % 4,6 30,6 82,3 49,8

Renewable Energy

Heat 0 0

Electricity 0 0

Total renewable 0 0

Share of renewable energy % 0,0 0,0 86,0 17,7

Renewable heat 13

Renewable electricity 73

Primary energy demand 14

22 000

15 400 22 000

5 000

55 000 55 000 55 000

5 000

10 000 10 000 10 000 12 000

10 000 10 000 10 000

125 000 125 000 125 000

43 700

28 840

20 000 20 000

115 000 40 000

234 100 162 100 168 700 160 100

43 840 43 840 48 840 43 840

99 660 99 660 99 660 99 660

31 250 31 250 31 250

22 461

3 600 3 600

234 100 37 100 35 100

43 840 43 840 23 840

99 660 130 910 41 971 94 510

363 980 279 205 71 351 201 925

17 500 102 275 310 129 179 555

20 000 20 000

115 000 40 000

135 000 60 000


