
The following design project was completed for the NZEBR
competition in an effort to find innovative methods of reaching
European unions energy goals in the construction and real estate sector.

As well as energy demands there is also an imminent need for better understanding 
and development of social, economical and environmental standards as a whole.

Here, we address this collection of needs with through adding more common and 
living space, sustainable materials and renewable energy sources.
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From the outset of our first meeting for the renovation of Hakapaavo 
there was a strong push towards questioning what a sustainability 
built house actually encompasses. Is it a structure that simply uses 
low amounts of energy? Is it a structure which generates its own 
energy? Does it accommodate more to social needs? What about 
future renovations and use? What is sustainability over the entire 
life of a dwelling? Getting low numbers for energy use is not difficult 
in our day and age with the availability of so much new technology. 
Our concept wanted to highlight the sustainability of a building 
through to the years when nobody is maybe even following up on a 
buildings renovation.

In the end we had a strong idea towards firstly looking at the use 
of materials which would ensure low carbon footprint, low danger 
to users and handlers alike (construction workers) and with highly 
recyclable qualities. Important as well is the minimizing of materials 
needed, for example ventilation pipes. 

We also added more space for apartments to the apartment with 
two new wings on the north and south end with an addition of two 
floors to the roof as well. Our idea with the added space was that 
it would create more opportunities for people to find rentable living 
spaces. We have changed the floor plans of the original and this is 
the result;

This is a home. The main concept includes new social areas, embracing 
additive structures and the creation of new apartments with variable 
sizes and atmospheres. Natural materials that can be recycled and 
used once more when the building is repaired or demolished and 
materials with the capacity of storing co2 emissions have been highly 
important in the design of the new structure, as well as the use of 
greenery and choice of ventilation.

By adding new structures to the old we save resources by taking 
advantage of the existing outer walls and roof. This new structure will 
also enclose the old building and work as insulation and buffer zone. 
The angled walls on the sides are directed towards north/south and 
maximize therefore the capacity of the pv-panels placed on the south 
wall. The energy produced will first of all be used for common areas 
before being distributed to the private apartments.

On the east-north wall we replaces the old rectangular windows with 
new window strips that goes throughout the whole building from 
ground floor to the top. It’s placed within the same hole where the old 
window frame were placed and creates a common language for the 
whole building by connecting the apartments also from the outside.

The old apartments will be relocated and they will all have the 
entrance towards the south-west facade. The stairwell will therefore 
disappear and the old shaft for the staircase will penetrate the 
bigger apartments and work as a shaft for light and ventilation. The 
utility installations will as well be placed here. This new light and air 
shaft adds spatial and atmospheric value to the bigger three-room-
apartments.

The 60-70s buildings are built to provide areas for people to live but 
rarely include social areas for gathering and sharing of information 
among the residents. For that reason we want to introduce a new 
concept of community environment. To increase the social value the 
private balconies will be removed and replaced by a common glass 
structure that will work both as a meeting space, stairwell, entrance 
and greenhouse. This structure will be placed on to the south west 
facade and work as a buffer zone. The zig-zag shape lets the light go 
deeper into the apartments and by the use of wooden louvers on the 
short sides the space can be easily ventilated and shaded from the 
strong southern sunlight when needed.

The sauna will be relocated to the new top floor in connection with the 
green roof garden and can therefore be used by bigger companies 

as well as smaller. The new two top floors will have apartments in  sizes 
of around 30sqm and allow for common areas around the light shaft 
of the old stairwell. The old sauna space on the first floor will be turned 
into smaller apartments of 25sqm and have the existing laundry room 
in common. Another social addition to the existing structure will be a 
workshop in the basement for everyone to use.

By turning the existing apartment sizes, 75 and 30sqm, into five 
different sizes, 25, 30, 45, 70 and 80, the building will be available for 
different family types and allow for diversity between the residents 
and open up possibilities for a family to grow within the same building. 
Since we are changing the apartment sizes and adding structures to 
the building the residents will have to move out during the renovation 
phase.

The original building is owned by a limited housing company which 
means that the residents owns the building together. In our case a 
renovation company will buy the apartments before the renovation 
and the former residents can choose if they want to buy back a new 
renovated apartment and what size for a reduced price. After the 
renovation is done, the company sells back all the apartments again. 

Introduction
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Main renovation idea
Our main aim with this redevelopment project is not only to improve 
the energy efficiency in the building but also improve the living 
environment, increase the number of apartments and to increase 
interaction between residents to add social value.  

Most of the post war buildings was built to provide premises with 
no actual community value. 60-70s buildings represent more old-
fashioned closed spaces with lack of common areas for gathering, 
sharing and communication. For that reason we want to introduce a 
new concept of a community living environment and show its benefits 
for the residents. 

This new concept is to create added value for property owners by 
providing a larger common area. The green house corridor, which 
works as a common entrance for all the apartments, is aiming to 
create a neutral zone, where people are less prone for disputes based 
on daily home routine as it is in regular communal houses. In contrary 
the concept intend to enhance community feeling and common goal 
sense. 

Our second main concept is to use the old structure to provide more 
apartments. By enclosing the old structures with new apartments 
we’re saving materials for walls and floors which would be needed in 
a totally new building. We diminish the need for adding new insulation 
to the old walls, instead the apartments will work as buffer zones and 
provide new living spaces at the same time. 

Market analysis
The existing standard renovation systems of 60-70s buildings 
usually consists of technical and mechanical improvements (like 
heating, plumbing and ventilation system renovation), facade and 
construction improvements (like new windows, roofing, walls insulation, 
rearrangement of apartments) and public area improvements. 
Our competitors are professional building companies, renovation 
contractors and construction services whose main aim is to do an 
effective renewal of the property by providing these comprehensive 
services. 

Our renovation concept is except from these changes also adding 
renewable energy technology, such as solar panels, increasing the 
amount of apartments and changing the way neighbors usually 
interact with each other. We also give the former owners a possibility 
to buy back an apartment by giving them priority when the renovated 
apartments are on the market for selling.  

Target Markets
Our mission is to promote social sustainability in residential buildings 
and our target is its residents. Since residents of the building are 
also shareholders in a housing company, it is very important to offer 
significant reasons for redesigning their real property. There need to 
be a focus on the residents needs but at the same time emphasizing 
the financial aspects of the concept. 

Hakapaavo is a case giving as a reference for this kind of residential 
building. It is located in Hyvinkää city, 50km north of Helsinki and 
built in the 60s. Hakapaavo gives an idea of how our concept can be 
implemented.
 
Hyvinkää is a sub region of Helsinki with a population of 47 thousand 
people. It is known as an important railway city and it is home for 
people who work and live there. In Hakapaavo it’s therefor more likely 
that the people living there are families who own cars and prefer more 
relaxed and comfortable living conditions than hectic rhythm of the 
big city. It is also possible that this people are more concerned about 
the environment and their surroundings. 

In this case, Hakapaavo with its residents, our goal is to offer the 
people a safe and good living environment. But since one of our aims 
is to increase the project’s replication potential, we will emphasize 
the importance of flexibility and adaptability of residential premises 
for different target groups, based on chances of a wide-spread 
implementation of the proposed renovation concept. It could be mixed 
used premises aimed for students and young business people or it 
could be more luxurious apartments for families and senior people, 
etc. 

The proposed apartment layouts in this presentation covers for all 
different family types and rages from small apartment of 20sqm in 
the basement to 40, 75 and 80sqm in between ending with 30sqm on 
the two additional top floors. This mix of family types can enhance 
the idea of a common living area where people can look after each 
other and have a conversation, either between a lonely retired person 
and a student or recently moved in families with kids that can find 
new friends near by. 

Therefor the main innovative product in our concept is the green house 
corridor. The idea of it is to bring new understanding of sustainable 
community space in residential buildings. It will serve as an attractive 
area for people to meet each other, for kids to play, enhancing social 
and recreational values and accordingly will increase the value of the 

property. 

Product benefits and definition
Our main design concept is to create a social space inside the 
residential building for common use. For this purpose, we suggest to 
add a green house corridor in the South-west façade. It is constructed 
mainly in wood and covers the entire façade. It will become an 
essential part of the building and it works both as a energy buffer 
zone, a common entrance hallway and a space for residents to 
interact and chill. 

By placing two extra floor on the original building we have the 
opportunity to move the sauna from the ground floor to the top floor 
and place it in connection with an outside area. The outside area is 
made as a green roof which provides a nice area for the kids to play 
and a good drainage. 

Except for this the construction and technical features of the building 
are improved in terms of better thermal and noise insulation, better 
internal environment conditions, attractive, modern architecture and 
appearance of the building, extra space as a living green corridor, and 
we’re adding solar panels on the south exterior to provide electricity 
for the common areas.

Financial benefits
By adding the outer construction, in shape of new apartments, to 
the building is economically more efficient than replacing the entire 
wall and adding extra insulation. Concerning the walls, where we’re 
not adding an outer construction, increased insulation will provide 
reduction on energy cost and so will also green house since it works 
as a buffer zone.

Since we’re using the old structure for creating new apartments we 
save both material and money. Buy selling the new apartments for 
the same price as if they where built as a freestanding building and 
adding extra value on the renovated existing apartments the price for 
selling the property will be ideally higher than the total cost of buying 
and renovating it. 

Sources:
http://www.expat-finland.com/housing/housing_and_utilities.html
http://www.finlex.fi/fi/laki/kaannokset/2009/en20091599.pdf
http://www.mynewsdesk.com/news/the-finnish-housing-company-model-is-unique-worldwide-92334
http://kti.fi/wp-content/uploads/KTI_FPM15_net2.pdf
http://vddb.library.lt/fedora/get/LT-eLABa-0001:J.04~2014~ISSN_2335-8750.N_70.PG_91-
105DS.002.1.01.ARTIC

Marketing plan
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Communication plan

Start up meeting between 
Develop company and the 
Limited Housing company 
(existing residents)

Having interviews 
with existing residents 
and people in the 
neighborhood to figure 
out needs and target 
group for the renovation

Develop company then buys all 
apartments and former residents can write 
down if they want to be on the list for the 
new renovated apartments and how many 
square meter they are interested in
(Later they will have the opportunity to 
decide about kitchen appliances/bathroom 
commodes, how many internal rooms they 
want, etc.)

Residents move out

Renovation starts, non 
taken and new planned 
apartments is placed on 
the market

(Money goes OUT)

Main renovation finished, people pays 
and moves in

Buyers for the new apartments 
sign contract and all new/old 
residents are able to decide 
kitchen appliances, bathroom 
commodes, number of internal 
rooms, etc. (different prices for 
different alternatives) Finalizing stage, inspection is 

held with apartment owners and 
a guarantee for 5 years is given

Inspection is held after 5 year to 
test the energy efficiency, getting 
feedback from residents and repair 
if anything is broken then leaves to 
the next building project

(Money goes OUT)

(Money comes IN)
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Ownership definition

According to the competition criteria the legal owner of the real 
estate is the limited housing company, which may have one or several 
shareholders.

In our case, one share more likely equivalent to one apartment, which 
means anyone who buys the apartment in the building becomes a 
shareholder. This type of company called limited liability housing 
company (LLHC). 

The housing company is responsible for the management of the 
property and upkeep of joint facilities (corridors, yard, sauna, 
washing rooms etc.), for which it collects a maintenance fee from the 
shareholders, the basis of which is defined in the company articles 
of association. This fee is most typically based on the floor area 
designated for each shareholder. The shareholders are responsible for 
the maintenance of the areas and appliances inside their apartments. 
The division of these responsibilities between the company and its 
shareholders may be specified in the company’s articles.
The company can also take out a loan, for example, for renovation 
and modernization, and use the building and real estate as collateral. 
In these cases, the shareholders pay a finance charge to the housing 
company, which then covers the loan to the original lender.
The idea of how to implement the renovation idea in accordance 
with ownership rights, lead us to think from business perspective. In 
this sense we suggesting that the initiation for renovation of existing 
buildings came from government/ city/ municipality to align with the 
general strategy of Finland to decrease energy consumption by 2050. 
Therefore, we suggest that the municipality of Hyvinkää city would 
initiate and manage the process of ownership right transfer. It implies 
that the limited housing company which owns the building should sell 
their shares to the construction company/ development company in 
order to start action plan on renovation process. This approach builds 
up new business opportunity, where the construction/ development 
company will produce profit from buying-renovating-selling the 
building.  

There is also another type of ownership, when number of shareholders 
can be less than actual apartments and the shares may be connected 
to a specific apartment/amount of space in the property, entitling 
shareholders to physical control and occupancy of premises. These 
type of companies called Mutual Real Estate Company, where rental 
agreements are made between the shareholder and tenant, and the 
rental cash flow goes directly to the shareholder. Shareholders can 
use their shares in the company as collateral for their loans. 

Business plan
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Replication potential
 
After World War II by 1980, 75 percent of Finnish residential dwellings 
of all types had been constructed. More than half of the residential 
houses are constructed after the 1970s. Highest frequency for 
construction of block of flats was in 1970´s. Almost 13 000 residential 
buildings were established, which is double of the amount built in the 
2000 decade (see figure 1).

Hakapaavo multi-apartment building was built in 1972 and this type of 
building represents the housing boom period since 1960s. Migration, 
whether voluntary or not, and an upsurge in population growth had 
made this construction necessary. Population movements during the 
economic changes caused the first half of the 1970s to be the period 
of peak construction, when as many as 70,000 units were built in a 
single year. 
Therefore, there is great replication potential for 1970s buildings 
based on their big number throughout whole Finland.  

Second, consider the replication potential volume from the view of 
proposed renovation scheme. (see figure 2)
The strategy of proposed renovation scheme intends to focus on 
sustainability aspects and improve overall image of the 1970s 
buildings. 

•	 Economically efficient: according to the LCC results given 
above, the financial aspect is reasonable and feasible to use the 
renovation scheme in large scale.  

•	 Energy efficient: using the innovative technologies and 
environmentally friendly materials will decrease energy 
consumption and provide better inner environment for it residents.  

•	 Social integration: renovation model strategy intend to increase 
social network between residents. Also integration of people during 
the decision making process will provide sense of social trust.

As was mentioned before, the financing of the renovation process 
will be covered by the construction/ development company. Since 
housing association signs contract and temporarily transfers the 
ownership rights to development company, it has no direct financing 
the renovation process. And by the end of renovated process housing 
company gains back rights for the real property.
Therefore, business model should be developed for the construction/ 
development company. (see figure 3)

The main aim for initiating renovation process is to create business 
opportunities and make direct financial profit from the process of 

development. And to provide continuous money flow, renovation 
industry model need to be reflected in a big scale - mass market. 

How to ensure that the renovation scheme for pilot building will 
succeed in mass production? To answer this question we suggest 
to include guarantee and control step into renovation-construction 
process. This is essential part of the selling-buying contract and 
intend to increase trust from potential clients. 

The scheme of conducting the guarantee process - simple. When 
apartments of renovated building are in the sale and selling-buying 
contract between development company and client is concluded, 
automatically 5 year period guarantee come to force. That mean, 
that during guarantee period, development company will control and 
systematically estimate building functionality (energy efficiency, 
inner environment quality, residents satisfaction etc.) according to 
set standards. In case of claims and non-compliance with the concept, 
development company should realize appropriate action plan. 

Therefore, here is provided the guarantee process steps and it shows
further potential of mass market capture;

Business plan

Figure 1: Number of constructed apartment buildings in Finland across the years 
(Sirviö, Illikainen 2015)
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Business plan

Business model
Partners Key Activities

Key Resources

Value Proposition Relationship

Channels

Customer

Cost Revenue Stream
Investors
Selling apartments

Consult Services
Bank Loans 
Permission Acquisition

Salaries
Materials and Construction Equipment
Marketing: selling/ advertising/ website/ 
  company promotion 

Local Professional Consultants:
    -  Architects
    - HVAC & Energy, Electric, 
       Lightning engineers
    -  Evaluators
    -  Real Estate Agents
 Material Suppliers
       (manufacturers)
 Municipality
Planning authorities 
Insurance Lawyers
Waste management
Transportation
Investors 

Survey
Research
Market analysis
Design
Renovate 
Construct
Control

Energy Efficiency 
Guarantee 

Professional Team:
-  Developers
- Planners 
-  Engineers
-  Building Contractors
-  Economic Consultants 
-  Architects

- Surveyors
- Project Managers 
Technical/ Construction 
Equipment
Construction Materials
Technologies: Online 
Platform 

Safe&Comfort Premise
Social Value 
Energy & Economic
  efficiency
Social involvement in
  decision making
Reasonable time span
Guarantee 

 Co-creation 
 Virtual Platform 

Website: sbd_up.com
Mass media:
TV/ radio/ magazine, 
newspaper advertise-
ment

Potential Buyers
Previous  Residents

Figure 3: Business model, models for the renovation industry for going from pilot 
buildings to mass production, service business solutions for the whole renovation 
value chain
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Executability aspects

Renovated building implies improvement from all perspectives: 
energy and economic efficiency, social value and satisfaction, 
architectural design and aesthetic solutions. 

Energy and Economic Efficiency
Energy efficiency is the leading principle in building redevelopment 
project. Therefore our main aim to improve living environment will be 
set up and run in an energy efficient way.
To correspond with zero energy building strategy, for the renovation 
project have been selected smart and new technologies. 

For renewable energy solutions, we suggest to install solar panels to 
provide extra electricity and heating for common areas, like green 
corridor and staircases, storage, sauna.  
In renovated building will be used Finnish next generation solar 
technology with long lasting modules that will lead to reduction 
of lifecycle cost. Valo company promises to enhance efficiency by 
improved manufacturability of cells, lower installation costs and 
better return on investments. 
The overall benefit of using solar energy is known by it efficient 
electricity production which reduces the use of fossil fuels. By using 
this technology in the renovation concept, we attempt to create local 
development and growth, as well as promotion of sustainable living 
among communities.

An other technology that we implemented in our design is a de-
centrelized ventilation system. (see p.20)  This system would cut 
down greatly on material needs for vast piping networks within 
the building. The de-centralised supply units have a heat recovery 
capability and are placed in opposite walls of the apartments which 
creates a flow through effect for supply. 

Social Value and Satisfaction
To add social value and increase community participation, the 
concept of common space was implemented. Social space as green 
corridor will ensure people’s interaction and provide community 
sense. 
The corridor itself has 160m2 per 1 floor and serves as a buffer 
zone, but at the time it does not require excessive energy supply. 
The electricity and heating of the common space will be provided by 
solar panels. 

The idea of green corridor is mainly to integrate sustainable 

environment. For example, vegetation and plants in corridor access 
will create better inner environment and increase recreational value. 
Additionally it will increase sustainability awareness and be learning 
system for occupiers. It could develop essential sense of green 
environment, especially for younger generation. In general final 
“product” is adaptable and universal for every case.  

Architecture and Aesthetic
When it comes to architecture and aesthetics we decided to change 
the original division of apartments  to create a diverse mix of 
apartments in terms of sizes and spatial experiences. We’re keeping 
the old walls to respect the building, but are adding new ones to 
maximize the use of the floor area. (see figure 4) Some apartments 
are penetrated by the old stairwell shaft and have the opportunity to 
use this semi outside space as a source to get light and ventilation. 
Since the shaft can be closed and open in the top it can provide 
fresh air and the apartments can share the heated air.
Materials are chosen in terms of their capacity of storing carbon 
emission and for how well they can be recycled and used in the final 
end stage of the building. 

Maintenance
Maintenance of the building should be covered by the housing 
company, for which it collects a fee from residents. As the proposed 
renovation concept allows to double number of apartments, logically 
the percentage of maintenance fee will be less for the square meter. 
In this sense, it can be said that financing of maintenance and 
cleaning services are well distributed.

Another thing is that renovation scheme plan to provide guarantee 
period for 5 years. Thus during the period maintenance instructions 
will be given and technologies functionality will be under the control. 
Also what about solar panels - do not require residents handling. 
This technology has no direct contact with building occupants, and 
can be maintained by specialists. 

Sources:
http://www.stat.fi/til/khi/index_en.html
Statistics Finland, Building Costs http://www.stat.fi/til/rki/2016/02/rki_2016_02_2016-03-15_
tie_001_en.html
Construction permit http://www.doingbusiness.org/data/exploreeconomies/finland/dealing-with-
construction-permits/
http://www.valoe.com/ 
https://www.naturvention.com/en/ 
http://www.photius.com/countries/finland/society/finland_society_housing.html
ePooki, Sirviö, A., illikainen, K., 2015. Available from:
http://www.oamk.fi/epooki/2015/energy-performance-building-scandinavia-and-russia/#cite-text-0-2

Business plan
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Technical plan

Plan showing new and redistributed apartments

Thick lines illustrates new walls
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Renovation concept

Our case study we started by looking from broader context. By using  
Sustainable EU city benchmark (see figure 6) we are able to indicate 
areas that needs more attention. From these charts and by comparing 
cities from different countries we came to conclusion that Finland is 
doing quiet good in all areas. As we know it is much harder to make 
better something that is good already, so we decided to focus our 
proposal on more conceptual proposal that would try to imagine 
residents life.

In order to achieve a sustainable design we must truly understand the 
situation and surroundings of our proposed building. There is much 
that must be taken into consideration and many different aspects 
which must be weighed against each other to succeed in passive and 
zero energy buildings on a long term scale. When considerations have 
been taken and a full understanding of the environments surrounding 
and forces acting upon a building, then we may begin design. 
(see figure 4, 5 & 7)

As we have entered the 21st century and renovation of buildings built 
in the 70s has become more intense, there has grown a much better 
understanding of sustainability of materials. In the past we have 
used what was available and cheap, hopefully we can learn from this 
mistake and start to understand that a better choice of materials may 
be more expensive but these materials have vested in them a better 
understanding of carbon footprints which are embedded in materials. 

A central point for our project was keeping in mind that along with 
energy demand reduction and renewable energy savings (which all 
have their own carbon footprints), the future of materials used in the 
construction of new areas must be well thought out for harvesting, 
usage and recycling in order to reduce the carbon footprint of our 
building. We achieved this through the use of Hemp Crete and LVL 
wooden panels (flooring, structural) these are great examples of 
natural products which over their long life span will have minimal 
carbon footprint compared to mineral wools, concrete, steel, excess 
aluminum and metals from ventilation piping.

Through the use of these materials we are reducing the total carbon 
footprint of the building on a large scale as well as improving indoor 
air quality.

Technical plan

Figure 5. In the following two graphs we have average temperatures and average 
rain fall which give us a good starting point from which it is possible to then 
consider viable options against the surrounding environment.

Figure 6. Sustainable EU citites benchmark

Figure 4. Water usage and costs in the area
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CLASS
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Annual Wind speed map

Figure 7. These three maps show potentials for generating different amounts of renewable energy. The 
exact amount of renewable energy that will be directly created for our proposed building is not easy to 
pinpoint, but by using these maps we can start to gain a better idea of the direction in which our proj-
ects renewable energies will grow.

Technical plan

Geo energy potentialGlobal irradiation and solar electricity potential
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Technical plan
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Technical plan

Energy demand

The energy demand for this project was calculated with the Passive 
House Planning Package (PHPP) created by the independent 
Passive Research Institute. During the calculations of the energy 
demand of the proposed renovated building there were questions 
brought forward around the idea of how do we actually make a zero 
energy building sustainable. A constructed building which through 
renewable energy sources generates as much usable energy as it 
uses does not necessarily mean that it is a sustainable option.
Thus the decision was made to stay connected to the district 
heating as a rule of thumb and see if through the use of renewable 
materials we could create enough energy to cover the needs of the 
building.

Heating
The heating of the building finds its premise in the envelope of the 
building, with the chosen material of Hemp Crete with its significant 
thermal values doubled with appropriate windows there is a tight 
and thermally compatible envelope which handles heat loads from 
inside and outside in a desirable matter. However, in the Finnish 
climate we must add to our building’s interior mechanical heating 
systems to support the comfort of inhabitants in colder months of 
the year. Through the work of this project there was a realization 
that having a building that simply produces as much energy as it 
uses is not difficult. The difficulty lies in researching the placement, 
condition and future needs of the construction itself.

For the renovated building there was the difficult question of 
whether disconnecting from the central district heating is a 
sustainable option? We decided in the end to stay connected to the 
district heating for the space heating of the building. Even though 
there are costs connected.
With the envelope of the structure decided upon, windows and 
ventilation systems in place our final energy consumption for space 
heating was 108696 kWh/a.

Cooling
As stated earlier the thermal envelope is a significant part in 
creating a comfortable living space in which thermal loads are more 
easily controlled, it is desirable and possible to create a building 
envelope which creates an environment which does not need 
mechanical cooling.
 As this project moved forward there was a realization that the large 
window area on the eastern side of the building had a chance of 
creating overheating in some of the summer months. In the PHPP 

calculations there was an amount of window space taken out of the 
project which may not show in the final 3D model, this space would 
eventually be filled up with shading from French balconies, shaded 
fire glass or aerogel glass.
There was eventually realized a need for cooling by means of 
ventilation which would happen only in the summer months and 
was designed in the energy calculations to cover the areas of the 
building which would need it. The cooling ventilation are then a part 
of the ventilation calculations, the cooling power from the ventilation 
system in the summer months is equal to 3413 kWh/a.

Ventilation
As with any energy efficient building project, the first step in 
ventilation was to research possibilities of natural ventilation. The 
Finnish climate is again one which does not allow easily for the 
use of natural ventilation, the problem mainly being the cold in the 
winters. The project would need mechanical means of ventilation to 
keep up with Finland’s rigorous air supply and extraction demands.
With our project we wanted to try to look at possibilities of de-
centralised systems. This would cut down greatly on material 
needs for vast piping networks within buildings. It could also add 
to the user ending up with a better understanding of their indoor 
environment which could also cut down on energy usage.
We opted then for de-centralised supply units with heat recovery 
capabilities which are placed in opposite walls of the apartments, 
creating a flow through effect for supply. The next requirement was 
extraction, we chose a centralized system which would extract from 
the bathrooms and kitchens of each apartment.
For the calculations of the energy usage there has been used a 
ventilation system with the same heat recovery as the de-centralized 
components with supply and extraction based on Finnish levels. The 
final energy demand for ventilation in the summer was 3413 kWh/a 
(as stated before) and for winter (the rest) 13,824 kWh/a. Added we 
have an accumulated energy demand of 17,237 kWh/a.
  
Domestic Hot Water
The energy demand of DHW which is shown here is when we are 
connected to district heating. As stated before we wanted to show 
how much energy is used while still staying connected to district 
heating and then work from this value downwards with renewables.
Our finals value for domestic hot water energy use was 92572 
kWh/a. After looking at renewables etc. we will show possibilities of 
reduction through firstly sustainable renovation and then renewable 
systems.

Common Lighting
For common lighting we used a simple calculation of  the m2 of 
common areas multiplied by XXXm2* Watts. 

Primary Energy
The primary energy factors are as follows, 1.7 for electricity and 0.7 
for heating.

Reduction in Primary Energy Demand
Here we can see that the total primary energy demand reduction is 
71.8 kWh/m2 a reduction of around 68% in primary energy use.

                    Original  PE Original   Renovated     Renovated PE
 Electricity (PE 1,7)             6.1kWh/m2     10,4kWh/m2           6kWh/m2            10kWh/m2

 Heating & DHW (PE 0.7) 135,9kWh/m2     95,1kWh/m2    33,5kWh/m2      23,5kWh/m2

  Total                 142kWh/m2       105,5kWh/m2    39,5kWh/m2       33.7kWh/m2

Detail C

Figure 8. Section illustrating ventilation strategy
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Renewable energy production

In our project we are using two main sources of renewable energy, 
solar PV and solar domestic hot water, for these are true renewable 
energy sources. Our PV panels have been calculated for optimum size 
and direction and at a primary energy value are generating 8.7 kWh/
(m2 a). This equates to 25% of the total electricity demand.
We then looked into the use of solar DHW again through using software 
we found optimum direction and situation and found that with 80 m2 
of solar collectors we are reducing our heating needs by 4,9 kWh/(m2 
a) of primary energy. This is then 15%of our overall heating.
Using these two pure renewable energy sources we have an overall 
reduction of around 40%. 

The most viable option after this is a geothermal heat pump system. In 
Finland this is one of the most favoured “renewable” energy systems. 
With an adequate system we could cover the buildings heating 
needs of 21kWh/(m2 a) and then renewables could start to cover the 
electrical needs. PV panels would cover a fair amount of this but it is 
only in certain months of the year. 
There are also renewable energies for which it is quite difficult to 
calculate exactly how much energy they would produce, for example 
wind turbines which could produce annually on a 4kW system up to 
3600kWh annually in Hyvinkää. 

To really stretch the idea of renewables we would look into ideas of 
biogas from the sewerage waste of the inhabitants of the building. 
This again is however very hard to determine what the energy 
coverage would be using a system like this. The gas could be used for 
space heating, cooking needs and even electrical production. Biogas 
is becoming an emerging renewable energy source which should be 
taken into serious consideration.

Wind energy
With statistics found on wind frequency in Hyvinkää we realized 
that there is a potential for electricity to be generated through wind 
turbines. The wind speeds are not necessarily high but they show that 
there is a possibility to have a constant generation of electricity. 
Another problem that arises when using wind turbines is sound 
pollution, if we were to put on the roof of our building a horizontal 
or vertical axis wind turbine there would be serious problems with 
vibration and sound penetrating the apartments of the building.
Recently, there has been a new development in sound control of 
wind turbines found in the LIAM F1 turbine, it holds onto the original 
electricity generation amounts but cuts down immensely on sound 
pollution.

Solar energy
We found through the information gather on solar radiation gains 
in Finland that there is a high potential for renewable energy using 
photovoltaic panels. After entering appropriate numbers into the 
PHPP program we found that there is a potential to gain 31204 kWh 
annually with PV panels on our southern facing wall.

Figure 10 shows a product produced by ValoE, a Finnish company 
specializing in PV solar panels. The panels show great innovation in 
that separate pv panel modules can be replaced if broken as opposed 
to other panels in which a broken module results in the whole panel 
failing.

Technical plan

Figure 14. Diagram over prevailing winds

Figure 12. Urban wind turbine LIAM F1
https://www.youtube.com/watch?v=BF7yX-7Wy30 
http://dearchimedes.com/

Figure 13. Wind energy potential

Figure 11. Global solar radiation, average day 

Figure 10. http://www.valoe.com/

Figure 9. Total renewable energy potential
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Thermal comfort
Thermal comfort through computer analyses
To achieve best thermal comfort we paid attention to glazing and 
room overall layouts. With the use of software we were able to 
calculate the best options for glazing, shading and room depth 
penetration(lighting) in comparison to daylight factors. This again 
brings forth the importance of research in modern projects for 
sustainable building and design. 
By finding optimized results for daylight factors, we could then design 
floor plans, facade construction and window placement. The addition 
of floors on the top levels of the building were also well planned with 
the help of software.

Technical plan

http://tt-acm.github.io/DesignExplorer/
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Thermal comfort

Ventilation and air quality
Ventilation in Finland is one of the harder systems to design for 
residential buildings, a complex system where comfort, human health 
and building health must meet at a crossroads to fulfill each other. 
In the local newspaper website Helsinki Sanomat there is a whole 
section dedicated to articles on indoor air problems, this is a central 
concern for the future of building design in Finland.

Our proposal starts with trying to gain the best understanding 
possible of natural ventilation possibilities, a laughable prospect in 
Finland with its cold winters and high air exchange rates. We looked 
into numbers of the psychometric chart for the area of Hyvinkää to 
see if there was any possibilities. The psychometric charts (see figure 
16) shows in the yellow area indoor comfort levels without any help 
from mechanical systems, red lines show solar gains and the pink 
lines show natural ventilation. The pink shows that there is a great 
potential to increase indoor thermal comfort only by using natural 
ventilation.

However, Finland’s climate being what it is, a proposal of natural 
ventilation is not at this time achievable. So for our project we 
turned to ideas of mechanical ventilation and found ideas vested 
in decentralized ventilation. We propose a system in which each 
apartment has its own air supply unit which is fixed into the walls of 
the building and each have their own heat exchangers inside each 
unit. (see figure 17) There was found then the problem of how do we 
meet Finland’s extract air requirements which could not be covered 
with these units. We then propose the idea of a central extraction unit 
for all of the apartments. In the calculations for energy consumption 
however we have used values of a ventilation system with same heat 
recovery efficiency as the de-centralized units.

Further improvements are proposed with the use of indoor vegetation 
which would create more oxygen and take on carbon emissions.
Recently, a Finnish company Naturvention has come up with an 
innovative idea to produce cleaner air, it is called Naava. (see figure 
18) Basically small partition like walls with plant life are introduced 
into the living environment (our buffer zone), the innovation is found 
in the fact that plant roots actually contribute to oxygen generation 
more than the leaves themselves.  

Technical plan

Figure 16. Psychrometric chart. 
Blue dot are thermal conditions for every day of the year and yellow indicates 
thermal comfort without any internal heat gains

Figure 18. https://www.naturvention.com/en/Figure 17. http://www.inventer.eu/products/ventilation-units/inventer-iv14v/

Figure 15. Total natural ventilation potential
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Structure and material
Condensation analyses in Wall construction 
In our proposal we are not only rebuilding some of the walls and 
constructing new one but as well we are suggesting to add materials 
to existing walls. It is well known in renovation practice that there is 
great importance of avoiding condensation in the building elements. 
We took time to make sure that our proposed concepts will contribute 

to not only thermal improvements but as well avoid problems in other 
areas. Condensation in construction can lead to mold and rot that 
would destabilize indoor air quality.

Condensation is found when the lines cross, here they do not.

Technical plan

Moisture in the renovated wall construction with buffer zone. Moisture in the new wall construction 
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Structure and material
Main materials Used in Building

Hempcrete
Hemp lime is a composite construction material that can be used 
for walls, insulation of roofs and floors and as part of timber-framed 
buildings. In our project due complexity and profitability we suggest 
to use hempcrete only in external wall construction. 

Hempcrete provides very good thermal (lambda value of 0.06 W/
m2K) and acoustic performance, and offers a genuinely zero-carbon 
contribution to sustainable construction. 

Hemp masonry is breathable and is able to absorb and emit moisture, 
leading to much healthier buildings. 

Reference:
Book: Hemp lime constructions by Rachel Bevan and Tom Woolley

Technical plan

Figure 19. Positive aspects of Hempcrete

Figure 20. Dampening of diurnal temperature variation at different depths in 
Tradical Hempcrete

Figure 21. Temperature profile through Tradical Hempcrete

Figure 22. Heat flow through various materials

Figure 23. Monitoring of the Lime Technology Ltd head office during April 2007

Figure 24. Thermal diffusivity of various materials
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Structure and material
Building structure load plan

With the added areas to the building, there is obviously the need 
for the structural systems to keep the building standing up right. 
Fortunately we have chosen wooden products for the new floor slabs 
and light weight Hemp Crete walls, this means we have an lightweight 
system compared to concrete slab methods. However, there is still the 
need for structural systems to hold up the new floors. This page is 

showing in very simple terms where our supporting walls would be 
placed in order to keep the wooden slab floors help upright without 
giving up any function-ability  of the floor plans. The shear forces 
in the wings are displaced through the use of triangle shaped floor 
plans.

Technical plan
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Environmental quality analysis

Technical plan

Project name: FUNCTIONAL UNITS
Assessor: Floor area 7200

Date: 26.04.2016. Version:

MATERIAL PROPERTIES
FLOORS QUANTITIES DENSITY Embodied energy
Building part Material kg m m2 m3 pieces kg/m3 Emission storage MJ kg Emission storage Emission storage
Wooden flooring 19 mm wood 86632 0,02 833 16,66 8 650 0,5 1,69 43316 -146408,08 6,01611111 -20,334456
Fermacell screed panel 25 mm cement board 19687,5 0,025 2250 56,25 1 350 1,09 21459,375 0 2,98046875 0
Paper as seperating layer paper 1626,24 0,001 308 0,308 11 480 1,28 2081,5872 0 0,28910933 0

Hakapavo 2.0

V-02

Carbon (kgCO2e / kg) Carbon (kgCO2e / building) Carbon (kgCO2e / m2)

Paper as seperating layer paper 1626,24 0,001 308 0,308 11 480 1,28 2081,5872 0 0,28910933 0
Impact sound insulation 20.0 mm mineralwool 15120 0,02 675 13,5 8 140 1,86 28123,2 0 3,906 0
Fermacell honeycomb-pattern cardboard 739,2 0,005 308 1,54 11 480 1,28 946,176 0 0,13141333 0
fill in screed honeycomb pattern 60.0 mm gravel 34727 0,055 308 16,94 11 2050 0,025 868,175 0 0,12057986 0
Paper as seperating layer paper 147,84 0,001 308 0,308 11 480 1,28 189,2352 0 0,02628267 0
leno LVL Panel 29106 0,189 308 58,212 11 500 0,65 1,71 18918,9 -49771,26 2,627625 -6,912675

FLOOR 115902,6484 -196179,34 16 -27,247131

WALLS + windows QUANTITIES DENSITY
Building part    400 mm 350 kg/m3 Material kg m m2 m3 pieces kg/m3 Emission storage Emission storage Emission storage
30 mm lime plaster 1418820 0,3 2140 642 2210 0,78 1106679,6 0 153,7055 0
20 kg hemp shiv 794400 0,4 3310 1324 600 0,3 1,84 238320 -1461696 33,1 -203,01333
25 kg hydrated lime 73151 0,01 3310 33,1 2210 0,78 57057,78 0 7,92469167 0
3 kg additive (sand) 11121,6 0,0015 3310 4,965 2240 0,0051 56,72016 0 0,0078778 0

wood studes 6752,4 0,004 3310 13,24 510 0,35 1,51 2363,34 -10196,124 0,32824167 -1,4161283
30-40 litres water 115850 0,035 3310 115,85 1000 0 0 0 0

Carbon (kgCO2e / building) Carbon (kgCO2e / m2)Carbon (kgCO2e / kg)

30-40 litres water 115850 0,035 3310 115,85 1000 0 0 0 0
20 mm lime plaster 332384 0,02 7520 150,4 2210 0,78 259259,52 0 36,0082667 0
wood frame LVL windows windows 13950 0,012 2325 27,9 500 0,33 1,71 4603,5 -23854,5 0,639375 -3,313125
glass 1. leyer windows 24125 0,01 965 9,65 2500 0,91 21953,75 0 3,04913194 0
glass 2. leyer windows 24125 0,01 965 9,65 2500 0,59 14233,75 0 1,97690972 0
glass 3. leyer windows 24125 0,01 965 9,65 2500 0,59 14233,75 0 1,97690972 0
Windows in buffer zone glass 25 0,01 1360 13,6 2500 0,91 22,75 0 0,00315972 0
leno walls LVL 52650 0,09 1170 105,3 500 0,65 1,71 34222,5 -90031,5 4,753125 -12,504375

WALL 1753006,96 -1585778,12 243 -220,25

ROOFS QUANTITIES DENSITY
Building part Material kg m m2 m3 pieces kg/m3 Emission storage Emission storage Emission storage
growing medium (depht 0,5m) earth common 30660 0,5 42 21 1460 0,024 735,84 0 0,1022 0
filter fabric geotextile/filter fabric 67,2 0,01 42 0,42 160 0,97 65,184 0 0,00905333 0
drainage and retention layer Hdpd 52,5 0,05 42 2,1 25 1,93 101,325 0 0,01407292 0
root barrier copper foil 1806 0,005 42 0,21 8600 2,71 0 4894,26 0 0,67975833 0

Carbon (kgCO2e / kg) Carbon (kgCO2e / building) Carbon (kgCO2e / m2)

root barrier copper foil 1806 0,005 42 0,21 8600 2,71 0 4894,26 0 0,67975833 0
waterproofing single ply 981 0,002 545 1,09 900 1,21 0 1187,01 0 0,1648625 0
LVL board? Nån träboard LVL 5870 0,02 587 11,74 500 0,33 1,71 1937,1 -10037,7 0,26904167 -1,394125
insulation wood fibre 24654 0,3 587 176,1 140 0,98 1,24 24160,92 -30570,96 3,35568333 -4,2459667
LVL beams LVL 6163,5 0,021 587 12,327 500 0,33 1,71 2033,955 -10539,585 0,28249375 -1,4638313
Leno panel LVL 70440 0,24 587 140,88 500 0,65 1,71 45786 -120452,4 6,35916667 -16,7295

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

ROOF 80901,59 -171600,65 11,24 -23,83

TOTAL 1949811,20 -1953558,11 271 -271,33

Floor area 7200m2

Emission Storage

Result:
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Life Cycle Cost of renovated building
LCC analysis is a method of evaluating the cost-effectiveness of project 
design decisions and select the best alternative. LCC assessment is 
comprehensive because it includes a wide variety of project costs 
(construction, operations, maintenance, replacements, utilities, etc.). 
They also encompass the time value of money, including a project-
specific discount rate, inflation, and cost escalations for a variety of 
goods and services (Guideline for LCCA 2005).
The two primary metrics to be used and calculated in LCC Analysis 
are the life cycle costs/total costs of alternative and its payback over 
a certain study life.

LCC components: 
•	 Project/Construction	costs		(labor,	materials,	equipment,		 	
 furnishing, design fees, permit fees, etc.)
•	 Utility	costs:	
- Energy costs (for each type of utility service there is a cost               
per unit of energy delivered that will be charged to the building)
- Energy estimating methods (the amount and rate of building  energy 
use)
- Non-energy utility costs (Domestic water and sewer service)
•	 Maintenance	costs
- Preventive (designed to prevent breakdowns, e.g. changing    
filters and lubricating bearings)
-  Reactive (response to problems, e.g. technician issues a work order to 
replace the damaged material and address any associated damage 
to get the system running again)
- Planned (larger-scale maintenance, e.g. replacement costs of 
equipment and systems at the end of their useful lives)
- Service costs (e.g. elevators, pest control, cleaning etc.)
•	 End-of-life	costs

LCC components need to be calculated for both cases - existing 
building and renovated building. Afterwards, should be done cost-
effectiveness comparative analysis by looking at their payback period 
in 15 years. Results will show the time need for renovated building to 
cover initial investments and further performance of the building in 
comparison with old version. 

Renovated Building LCC Analysis
Project/Construction Costs
According to International Construction Cost Survey Statistics 2011, 
high rise apartments construction costs in Finland vary from 1633 - 
2042 eur/m2 and include:

•	 Materials costs 
•	 Labor costs 
•	 Services costs 

Building labor rates, all-in rate skilled - 30.71 euro/hour (to compare 
in Sweden - 42.38 euro/hour) (see figure 25)
Inflation estimation in Finland -0.1% in february 2016
(http://www.stat.fi/til/khi/index_en.html)

In Table 1 (p.19) we see that the prices of services increased by 7.8% 
in 2016 in comparison with 2010, accordingly building labor cost - 
33.11 eur/hour. 
The total construction index increased by 9.1% to compare with 2010, 
which means high rise apartments construction costs in Finland are 
2300 eur/m2.

Current situation: original space - 3295m2; living space (apartments) 
- 2907m2, 40 apartments.   

Renovation plan: total space - 5200m2:  87 apartments, common 
corridor with staircases - 160m2 per floor (1280m2, 8 floors); 10% of 
total space access balconies 

Obtain building/reconstruction permit. DoinBusiness.org (2016) 
mentioned construction permit in Finland usually issued by the 
Municipality Building Inspection - 6.291 € 

As stated in Construction Price Indicates (ca. 2005) construction 
industry prices consists mainly of this elements:
•	 Direct	inputs:	materials,	labor,	energy,	etc.
•	 Indirect	inputs:	depreciation,	administrative	expenses,	etc.
•	 Productivity:	efficiency	with	which	inputs	are	converted	into			
 outputs
- Inflation estimation in Finland -0.1% in February 2016   
 (Statistics Finland 2016)
 

Figure 26 represents allocation of renovation project cost, which 
includes direct and indirect inputs. In this case in construction 
costs included labor costs, such as construction supervision and 
management, construction services, constrictor supplied materials, 
tools and equipment, direct construction labor.

According to estimated amount of material use (Environmental 
quality analysis, p24), we made an assumption of final renovation 
project cost for Hakapaavo region as 8 million euro, 2 520 euro per 
1m2 of additional construction and elements, and 1 235 euro per 1m2 
of whole building.
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Figure 25. Source: Statistics Finland, 2016, Building Costs remained on level 
with the previous year [online]. Available from: http://www.stat.fi/til/rki/2016/02/
rki_2016_02_2016-03-15_tie_001_en.html [Accessed 29 March 2016].
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Utility costs
In this section we calculated annual utility costs for “base case” 
- Hakapaavo building, according to collected data from Statistics 
Finland (2016) and professional advices from tutoring group. 

From 2014 -2016 the rise of maintenance costs:

Finland average:
 4,87 e/m2/month (2014)>> 5,10 e/m2/month (2016 estimate)

Helsinki region:        
5,76 e/m2/month (2014)      >>        6,00 e/m2/month (2016 estimate)

Rest of Finland:       
4,56 e/m2/month (2014)      >>        4,75 e/m2/month (2016 estimate)

Estimate for 1970’s building in South Finland, Hyvinkää (etelä-
Suomi) the average maintenance cost for buildings completed 
between 1970-1979 was 4,55 euro/m2/month. 
So if the south of Finland is about 15% more expensive than the 
country average, then maintenance costs for a 1970’s building in 
Southern Finland to be  15% higher: 4,55eur + 15% = 5,22eur/m2/
month (2014 estimate).

Since this is the cost from 2014, and on average the costs have risen 
about 4,1% since 2014, the final assumption for a 1970’s apartment 
building in Southern Finland in 2016 would be 5,22e + 4,1% = 
5,45eur per 1 m2 /month, 17 958 eur/month or 215 496 eur/year.

For a 1970’s apartment building in Southern Finland in 2016 would 
be 5,45e/m2/month (2016 estimate).
For whole building, cost:
Floor area 2907m2 = 15 843.15 e/month     190 117.8 e/year

Referencing to the Technical plan, Primary energy table, (see p17) 
provided by HVAC engineers, we see that utility costs in renovated 
building has decreased by 38.45% compare to base case:
•	 Electricity																					down	by	1,6%
•	 Heating	and	DHW							down	by	75,3%	

While in Finland the average price for electricity is 15,5 cents per 
1kwh (Eurostat 2015), than for base case is 94,55 cents/m2 and for 
renovated case is 93 cents/m2 And price for district heating – 7,3 
cents per kWh (Energia ca.2016), for base case – 9,92 euro/m2 and 
for renovated case – 2,45 euro/m2.

Average water consumption 25 liters per person. Then in base case 
94.1occupants (average from gross floor area) and 2350 liters per 
day. For renovated case there being 152.4 people (average from 
gross area) and 3855 liters per 1 day. As stated in EveryLittleDrop 
(2010), cost of 1m3 water in Finland is 0.6 euro. We assume the price 
increased by 5% since 2010, and now it is 0.63eur/m3. 

Therefore, allocation of utility costs for base case would be as in 
table 2. 
In this way, we made an assumption for renovated building utility 
costs and brought them to compare the annual energy savings 
against base case. (see table 3)
Comparison of two cases and annual energy savings calculation 
gives the result in table 4. 
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Comparison of both cases      table 4

 Alternatives            Annual utility cost, 100m2/€/year    Annual energy
                       savings
   Heating         Water &      Electricity   Total utility      base vs. 
          sanitation         cost   renovated

 Base case         1471,5          523,2           255,1          2249,8 
 Hakapaavo     
            

 Renovated          363,5                 523,2            521          1137,7             1112,1
 case                      49,43%
   

Figure 27. Average allocation of operational costs in Finland 

Base case utility cost       table 2
 Service        Utility cost share    Cost per 100m2/€/year
   Heating   22.5%   1471,5
   Water and sanitation  8,0%   523,2
   Electricity   3,9%   255,06

Renovated case utility cost      table 3
 Service        Utility cost share    Cost per 100m2/€/year
   Heating   22.5%   363,5
   Water and sanitation  8,0%   523,2
   Electricity   3,9%   251

Building costs comparison, basing on annual index rate   table 1

    2010  2016  Increase %
  Services   103     128          24.3
  Labor inputs   128     138            7.8
  Materials   129     143          10.9
  Total index   126.5     138             9.1

Figure 26. Renovation project cost
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Maintenance costs
Maintenance refers to the costs incurred to keep building systems 
running properly. The wide array of activities fall into three cost 
categories: preventive, reactive, service. 
In Table 5 below shown maintenance categories costs in percentage 
for base and renovated cases according to Statistics Finland (2016). 
Some maintenance categories in renovated building have slightly 
lower index than in base case due to new construction, materials and 
technologies. For example, newly renovated building will require less 
repair costs. 

Comparison of maintenance costs, base case vs renovated case as a 
percentage from overall property operation services costs:

                                                       Original Building                              Renovated 
•	 Preventive:
Personnel expenses                    1.2%                                                                         1.2
 Administration                             9.4%                                                                         9.5
Operation and maintenance            12.1%                                                                      12
Property tax                                                     6.5%                                                                6.5
•	 Reactive:  
Repair costs                                                    24.1%                                                                     20
Other operating expenses                       4.9%                                                                           3
•	 Service costs: 
Outdoor treatment areas                          1.2%                                                                            1.2
Cleaning                                        2.9%                                                                            3
Waste management                     3.3%                                                                            3.5

Maintenance costs are not included in final LCC analysis, since the 
goal of the study is to evaluate HVAC, new materials retrofit approaches 
and determine, if are those worth implementing. Preventive, reactive 
maintenance and planned maintenance (e.g. replacement of building 
subsystems) were considered on a rough order-of-magnitude scale 
and did not significantly influence the results.

Construction costs general estimation provided the final cost of the 
renovated option and for the base case, we suspect not to have the 
first cost. LCC comparison will be based on energy performance of 
both cases (Table 4).

Comparison and Payback Analysis

One way to evaluate the cost-effectiveness of LCCA alternatives is to 
look at their “payback” against the base case. The payback term is 
the time it takes an option to have the same life cycle cost as the base 
case. For that reason, we calculated cumulative cost of renovated 
alternative compared to a base case. The point at which renovated 
alternative line crosses the base-case line is the payback point (see 
figure 28). 
We allocated construction cost for 6 years and during that time, there 
will not be big changes in energy consumption.

The LCCA showed that despite the additional 17.15 eur/m2/year  the 
improved building energy system, resulted in a payback of less than 
six years.

The analysis shows that the Renovated Case retrofit has first cost, 
however energy savings due to retrofit solutions in comparison with 
Base Case give us promising results. Therefore, Renovated Case 
retrofit option seen as better solution, balancing first-cost impacts 
with energy savings with payback period of 5.8 years.

First cost and energy cost summary                  table 5

 Alternatives First cost  Annual utility cost €/m2                         Annual energy
             €/m2/year                            savings against
              for 6 years      Heating       Water &      Electricity   Total utility      base case
                              sanitation         costs

 Base case             -          14,72   5.23            2.55   22.5                  - 
 Hakapaavo       
 
          
 Renovated          17,15           3,64             5.23               2,51            11,38            11,12  (49,4%)
 building                   
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Figure 28. Renovation costs payback analyses




