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1. Introduction

It's necessary to realize that taking half-measures or insufficient measures are worse than
taking no measures at all. Such measures cost rare funds, and not only contemporary but
future ones too and thus don't let a good and long-running decision take place.

Ernst Heiduk

Present state of our building stock isn’'t satisfactory at all. Majority of buildings are both
technically and morally old, and often the quality of the inner space doesn’t correspond to
hygienic requirements. And the fact that energy-rates rise doesn’t add to the calm of
residents. Shall we modernise? This question preoccupies a great number of authorities and
residents. Almost 90% of residential fund were constructed before 1990 and according to the
EPBD rating of energy performance most of them fall to D or even F category which means
“unsatisfactory” or “very un-economizing”. One can call these houses thermal radiators since
the building shell quality is poor. During the construction of those houses nobody thought
about energy issues, just because energy prices were low. However that period is over and
it's become impossible to continue current wasting of sources both for economic and
ecological reasons.

Houses and apartments are nowadays the most energy intensive sector and their running
takes up to 40% of the total amount of energy used in state. Here the residential multifamily
houses and panel buildings have the biggest energy savings and CO, reduction potential.
About 1165000 flats are actually in panel buildings (block of flats) from the years 1950-1990,
where almost one third of the Czech population lives (31%). Another third lives in multifamily
houses especially in those of the after war period. Multi-storey buildings like multifamily
houses or panel buildings have an obvious advantage in comparison with single-family
houses. Their compact simple shape and lot of similarities makes the renovation easier, cost-
beneficial and of course multipliable. Nowadays about 20% of total amount of building stock
IS renovated, but very small part of those houses are modernized with the energy efficiency
taken into consideration as well as the sustainable approach and the higher quality of life. It's
a very vital topic as the process of reconstruction and modernization of blocks of flats has
been launched and the interest of stakeholder or owners for complex modernisations rises.
Renovation of blocks of flats seems to be simple, and people tend to think that it's only about
thermal isolation. In reality it's a complex problem, with its solution much can be improved
but also worsened. This article can be an inspiration or guide for stakeholders and flat
residents/owners waiting for renovation and it is definitely for those, who would like to invest
considerable budget the most effectively.

Here we go! Renovations to passive and low-energy standard!
When we talk about Passive House standard there’s the so-called “factor 10 ”, which is the
fact that the need of energy for heating is reduced up to 10 times after the retrofitting. That

means that from existent houses which energy consumption for heating is about
250 kWh/(m?a), after the modernisation that'll be 25 kWh/(m?a) or less.
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Figure 1: The potential saving for heating current house building is obvious. Common renovations
usually achieve 20-30% heat saving compared to the state before, whether “factor 10” renovations
allows up to 90% saving. (source CPD)

Nowadays when the future of energy costs isn't quite clear these measures appear to be the
most beneficial. When retrofitting there is not necessary to achieve parameters of a Passive
House — the requirement of heat demand of 15 kWh/(m?a) for heating, at any cost. The
economically feasible and reasonable measures with the most possible energy savings are
the most important. As the analysis of energy consumption in households shows that the
main part about 75 % of energy is being used for heating. With the help of Passive House
components the energy consumption for heating can drop down by 90 % after retrofit.
Further energy cut-down can be achieved also in such aspects as hot water preparation and
lighting. Retrofitting of buildings according to this method can also have other benefits. It
extends constructions” durability, contributes to the domain’s credit and makes it more
competitive on the real estate market.

OmE O O

Figure 2: The main part of energy is used for heating. Therefore the primal goal of modernisation
according to the Passive House concept is to cut the heat consumption. (source Statistical office)

Higher comfort

Of course not only energy savings can motivate the dwellers. Higher level of comfort and the
quality of the inner space can do that as well. Warm surfaces of walls and windows offer
unprecedented thermal comfort and the ventilation system provides non-stop supply of fresh
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air without the heat losses. There’s another reason for mechanical ventilation especially in
modernised buildings. More airtight envelope (e.g. after replacing windows) logically require
less energy for heating, but on the other hand it can cause problems with humidity, if there’s
not enough fresh air. With mechanical ventilation one does not need to worry about mould
since the humidity is ventilated continually.

Aside from the bringing down heating costs, living in a Passive House can also relieve some
existing health problems. A ventilation system that works continuously cares for fresh air
supply and at the same time filters dust and other impurities from the air inside. This could be
very beneficial for people who suffer from allergies but also for those who are in charge of
cleaning the house.

Reconstruct or build brand new?

New constructions are financially more difficult than reconstructions. If even load bearing
constructions are satisfactory it's more convenient economically to reconstruct. Demolition
leads to heavy expenses connected to the process itself and thereafter to rubbish deposition.
Without demolition expenses retrofitting to Passive House standard would cost between 30 —
80 % of new building price depending on degree of works. It also saves a time, because
most works can be carried out with normally occupied flats. From the economical point of
view it is efficient to do all the measures at one go. But the advantage is that the renovation
can be held even with a limited budget with the building in process. It's absolutely essential
to divide the works into appropriate stages, where the logical continuity of the steps is kept.

Figure 3: Before renovation - Project Tevesstrasse in Frankfurt (DE). The renovation using the
passive house components. The annual heat demand 290 kWh/(m?a) and primary energy demand (for
heating, hot water preparation and auxiliary electricity) 270 kWh/(m“a) before renovation. (source
PHI)
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Figure 4: After renovation - Project Tevesstrasse in Frankfurt (DE). The annual heat demand
17 kWh/(m?a) and primary energy demand (for heating, hot water preparation and auxiliary electricity)
37 kWh/(mza) before renovation. Architect - factor 10, Darmstadt. (source PHI)

Apart from financial savings the reconstructions have considerably lower environmental
impact than new buildings. Construction material contains a huge amount of built-in energy
(grey energy) spent by production, transport, etc. In reconstructions the amount of used
material is significantly reduced as well as the expenses connected with rubbish deposition.
If you like to participate on climate changes the least possible way, complex retrofitting to
Passive House could be one of the best things to do.

Buildings modernisation generally and especially to Passive House standard particular also
bring along some problems from different areas. A number of conceptual and practical
predispositions require complex approach and sometimes sophisticated or more complicated
solutions. Efficient concept is therefore the key of renovation and of course it is the phase
with the greatest possibilities to influence the result both economically and energetically.
Renovations of multifamily houses require long discussions with the owners or dwellers of
the flats, continuous and high-quality education, enumerating of the benefits and
demonstration of a good practice. Only this way we can avoid partial solutions that can
deteriorate overall quality and effectiveness of the expended means. The conscious ones
who have avoided the half way solutions can now profit of and enjoy the complex
modernisation and raising the standard.
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Passive House retrofit main advantages:
reduction of heat consumption by factor 10 — low energy prices
thermal comfort
air quality and health
improved lettability or higher price on the market

sustainable building — the climate changes protection

Why there are not enough of complex modernizations?

Everything depends on people and it is not different in this field. A complex modernisation is
a challenging process, which requires experienced team of engineers and a measure of
conviction of all participants in all parts of the project since the decision making until its
realisation. The success of a high-quality modernization depends on many factors. The most
important of them are:

- type of ownership

possibility of funding in the given period and area
quality of the project and its realisation
participation of the flat owners/dwellers

A type of ownership essentially influences the continuance of the modernization including
decision making, the possibility of financing, the reconstruction progress and the using. For
example the private owner is lot more flexible in making decisions than the housing
cooperative, where the absolute majority have to agree.

Finding of the sufficient capital for the fulfilment of the complex measures is the biggest
problem of the owners. Often they choose partial, unorganized and insufficient measures that
in the following years may block a really radical cut-down of the building’s energy
performance. The complex solutions are in addition cheaper and more effective than any
phased partial steps. It is surely possible to divide the modernization process into the
coherent parts but these must have prepared link-up for the following measures. In this
context a rule of the effectively spent means is applied: ,Better to do less with higher quality
than to do more with lower!” Energy savings are almost the same at similar financial input but
in future it is possible to follow up with other measures and therefore the real savings and
higher quality. Usually the long-term loans are used to finance the modernisations. When
repaying the complex modernisation in Passive House standard, the partial payments could
be just a little higher than common renovation. But the greatest advantage is you don’t have
to worry about the future energy prices, because energy consumption of flats is minimised.

Choosing of the project studio that has already the experience with the low-energetic and
passive houses is also very important. There are a high number of common studios that due
to the inexperience discourage the investors from highly effective measures and they
understand the thicker insulation (of more than 10 cm) as an experiment.

Executive company also highly influences the success of the modernization. It is necessary
to choose a proved company with the experience and approved references. It is better to
certify the reference among the precedent submitters — the price, the quality of execution,
cooperation, warranty or solution of the complaints and prompts.
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Satisfaction of the dwellers or owners of the flats is based upon the degree of their
participation and identification with the planned steps. Even the best measures that are not
accepted by the users will not be appreciated entirely during the usage. Information of the
inhabitants and their participation in the process of decision making in the form of
guestionnaires, discussions and meetings is much more important than we think. The
inhabitants are those who fully and in the base of everyday use occupy the modernized
space and do have a right in a certain measure influence its development. Information
meetings, demonstrations, motivational excursions to the places of successful examples are
best means how to convince the investors and the users of meaningfulness of the measures.

Modernisation in particular provides the greatest potential in saving energy and the reduction

of CO, emissions. But the renovations are not all the same. Most reconstructions that have

been made to this day are on very low quality level. It is caused mainly by several problems:
lack of information in the group of stakeholders/investors and planners

incomplexity of renovations (partial measures)
insufficient energy saving measures
low quality of work and cooperation

It is due to the above-mentioned reasons that the buildings after the renovation reach only
20-30% of savings on energy for heating and are on the above level of currently valid norms.
In the same time as a result of technologic progress the norm is actualized. It may happen
easily that the houses reconstructed to fulfil the norm do not have to fulfil it in couple of years
and will be morally worn out. It is therefore very important to carry out the best possible
energy saving measures in the given time which can also help holding the price on the
market. The reconstruction that was not done according to best possible standards can
literally do harm for many years, because the items and changes are planned for the lifespan
of 25 to 40 years. If we have to replace them before the end of the lifespan, the economical
calculations would be incorrect. An example from the everyday praxis - insulating the panel
building with 5 to 8 cm of polystyrene in the time when we know that even more than 20 cm
is feasible stops the further radical improvement of economization for at least 20 years.
Accompanied by increasing of the prices of energy the inappropriate solutions of this kind
can inflict in future the disadvantage of the building and its users.
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2. How to go about the complex modernization?
Rehabilitation versus modernisation/retrofitting

The rehabilitation is usually taking the measures for repairing defects which has occurred, for
example humidity control creeping into walls or mending damaged plastering. These are
precautions which are essential in order to reach original function of structure. By the
modernisation or retrofitting we understand complex steps leading to aesthetic, structural and
functional improvement of structural elements (including rehabilitation measures) to fulfil
minimum standard requirements. Thus, if the building is being modernised, the minimum
standard requirements should be kept, not only the thermal standards but also built-in
installation standards, building services or fire safety standards. At the same time retrofitting
should lead to the occupant indoor environmental quality improvements. The subjects of
following parts are the measures which lead towards energy efficiency and higher comfort.
The steps such as maintenance and renovation of inner facilities (wiring, sanitation, etc.),
also very important, will be mentioned here just marginally.

The Passive House retrofit key features

Some principles of passive house design are not possible to apply on existing buildings.
Concerning renovated buildings, the main energy saving measures leading to passive or low
energy standard are:

- 18 — 30 cm thermal insulation of exterior walls, elimination of thermal bridges and bonds

25 — 40 cm thermal insulation of roof

- thermal insulation of floors, foundations, footing, eventually basement or unheated rooms
elimination of thermal bridges

- three-pane glassed windows with high quality frames
air tightening of building envelope, carrying out the blower door test
installation of mechanical ventilation system with efficient heat recovery

- thermal insulation of hot water piping, renewal or regulation of existing heating system
optionally installation of renewable energy sources (solar collectors, biomass)

Following elements and principles could occur in certain varieties in all types of retrofited
buildings — panel constructions or masonry dwellings made of solid bricks or aerated
concrete blocks. High-quality continuous layer of insulation, elimination of thermal bridges,
correctly fixed Passive House windows and an undisturbed airtight creates the basics for
good-quality exterior shell of retrofitted buildings. Mechanical ventilation system with heat
recovery provides necessary air exchange without thermal losses. The principles are the
same as with new buildings, just the solution of some existing details is not possible to
influence, only additionally improve.
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Figure 5: The significant quality difference of thermal envelope between two buildings — one renovated
to the passive house principles (left) and not renovated one radiates the heat (right). (source PHI)

2.1. The wall insulation

The required thickness of thermal insulation is greatly questioned by most of investors.
Economically optimal thickness of multifamily house insulation including entry costs and the
amount of used up energy after 25-year lifespan, according to type of exterior walls, is 16-35
cm. As achievable optimum of heat passage coefficient of the wall is possible to take the U-
value of 0,15 W/(m?K). The required thickness of exterior insulation differs from thermal
resistance of existing construction. There is different thermal resistance of burnt brick,
aerated concrete or concrete panel. Some constructions already have some built-in
insulation. For example latter prefabricated panel constructions include several centimetres
of insulation, but which is missing in the panel joins and sometimes it's not easy to assess
the quality of such insulation.
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Figure 6: The comparison of insulation price including entry costs and energy consumption after 25-
years-lifetime. Here the economically optimal thickness of insulation is 24cm. (source PHI)
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There’s no sense to save money on insulation thickness. It is necessary to realize that
insulation thickness increase doesn’'t mean linear price increase. Particular layers of thermal
insulation system (adhesive mortar, plaster reinforcement, plastering, paint) remain the
same, only the price of insulation and eventual mechanical fixings increases.

7.0°C

Figure 7: There are usually significant thermal bridges visible on image captured by thermal camera.
(source Solanova Consortium)

The task of designer to achieve high-quality insulation is solving all details and projecting
continuous thermal insulating exterior skin with no interruptions. The imperfections or brakes
in exterior insulation layer - so called thermal bridges, can significantly participate in heat
losses of building. Especially out-jutting elements (balconies, attic gables, mechanical fixings,
etc) or construction joins (windows, roofs, ceilings, panel seams) are problematic spots,
necessary to be solved with utmost precision. The consequences of thermal bridges are the
cooled spots inside and on the contrary the heated spots outside where much more of heat
transmit through than via insulated shell. It's possible to identify thermal bridges by thermal
camera (Figure 2) where the weakened areas are visible as warmer colours.

-10°C +20°C

tw=14,7 °C tn=19,4°C

Figure 8: The simulation of construction detail. Before insulating process (left) and after it (right). The
higher interior surface temperature in the insulated one eliminates the risk of construction damage and
ensures higher comfort. (source Solanova Consortium)
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At the same time the sufficient insulation thickness on the whole building shell influences the
interior surface temperature. The occasional presence of thermal bridges causes the local
decrease of interior surface temperature which might result in the water vapour condensation
on cool spots and the consequential mould growth with further construction damage. In such
cases we cannot talk about the superior indoor air quality ambient. In the Passive House
retrofitted buildings there’s no risk of such a trouble thanks to the higher interior surface
temperatures. The comfort improvement — the thermal ease without unpleasant temperature
differences in rooms and the quality of interior ambient are one of the main attributes of
quality retrofits.

Separate self-supported balcony structures — soluti on without thermal bridges

Existing balconies or loggias constructions are the source of massive thermal bridges which
have to be taken into consideration during the retrofitting. The most efficient and also the
easiest solution is to cut-off these structures and replace them with separate self-supported
structures only locally anchored to the building structure. Behind the new balconies a
continuous insulation with layer in the same width is carried out.

\

d
Figure 9: The separated balcony structure is an ideal solution for thermal bridge free construction.
(source CPD)

What kind of insulating system to choose — ETICS or ventilated facade?

By the abbreviation of ETICS (External Thermal Insulation Composite System) we
understand the insulating system including plastering which is compactly fastened to the
existing construction and creates one assembly (Fig. 10). The ETICS is mostly used for the
reconstruction of multifamily houses and panel buildings, due to the lower labour input and
price in comparison with the other systems. The rigid insulating panels are adhered and
additionally mechanically fixed. The usual type of used insulation is expanded polystyrene
(EPS), the common one or EPS with graphite as addition agent (so called “grey EPS”) which
is slightly more expensive but the thermal insulating qualities are 20% better. The mineral
wool insulation is the 2nd most common sort of insulation used in ETICS, mostly in cases
where the EPS is not possible to apply due to fire safety (e.g. around the windows, fire
separation between the floors, etc.). The inconvenience of mineral wool is roughly 50%
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higher price. The general limitation of the ETICS is the use of whole colour variety.
Particularly the darker and lighter colour transitions where due to different heat expansivity
the plaster damage might occur. In case of the incoherent surface of the older weather-
stained facades, the undercoat adjustment is needed, for example removing old plaster and
laying on straight layer.

5

Figure 10: Most often the cont
The suspended facade system either ventilated or with plastering system is mostly chosen in
cases where there is an intention to use the fibre-insulating materials, e.g. the blown
cellulose or out of aesthetical reasons the facade siding is advisable. It offers the option of
varicoloured facade design or, for example the integration of photovoltaic panels into facade.
Also there is no need for adjusting the surface to adhere insulation as it was with the ETICS.
The choice of bearing grid is very important in order to avoid thermal bridges. The use of the
metal fixings which pass through the whole insulation layer is improper due to massive
thermal bridges. Generally, such a principle is applied also for the ETICS. As a facade siding
the wood-based elements that are eliminating the thermal bridges influence are therefore
used (e.g. I-truss joists or similar). (Pic.)

‘ ¢ % e
ed facade. The insulation is being put into prepared wood-based

Figure 11: The principle of suspend
grid mostly, as a facade finishing can be chosen the plaster on carrier (e.g.heraklith) or siding material.
(source CPD)
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The facade insulation:
high-quality project with resolved details
sufficient 16-35 cm insulating layer
elimination of thermal bridges — connections of structures (balconies, etc.)
comfort and indoor environmental quality improved

2.2. The roof insulation

The roofs usually take substantial share of the buildings energy consumption. The 20 cm of
insulation is enough to achieve the U-value of 0,24 W/(m°K) the standard requirements (I =
0,035). The retrofitted roofs would require the insulation of 30 — 40 cm thick for achieving the
U-value of 0,10 to 0,15 W/(m?K).

The good-quality project of roof insulation is absolutely essential. Before one starts with
designing the construction, it is necessary to survey the existing roof structure and expertise
the quality and functionality of particular roof materials. The next important step is the right
choice of thermal insulation according to the function of roof and the type of construction.
The flat roofs demand very precise carrying out of construction details; it means the accurate
crafts work concerning the roof construction. Only this way it is possible to attain the
desirable effect — to live in dryness and thanks to the good insulation to live in a cosy
environment without undesirable heat losses.

The flat roofs tend to have the damage arises due to exterior roof waterproof layer (mostly
asphalt felts or foil insulations) that is exposed to great temperature oscillations and the
weather and UV radiation. The performance and longevity of flat roofs depends upon many
factors, including the position of the insulation within the construction:

cold roof construction — the insulation is placed below the structural deck (cold roof

construction) the structure remains cold and there is a considerable risk of condensation;
for that reason cold deck roofs are not recommended and are seldom used also in
existing buildings

- false roof construction — the insulation is placed above the deck with the ventilated space
underneath the upper covering with waterproof layer. It is recommended as a best
solution to dismantle the upper covering and modify the construction into warm roof. The
solution without the thermal bridges otherwise wouldn’t be possible. One may raise the
ventilated gap, lay the insulation when covering is dismantled and reinstall the top
covering afterwards. But it is necessary to keep the ventilated gap to avoid condensation.

- warm roof — insulation placed above the structural deck and beneath the waterproof layer
reduces the risk of condensation but, because the waterproof layer is thermally isolated
from the rest of the roof construction, it is exposed to wide temperature fluctuations with
consequent increased risk of premature replacement
inverted roof — it overcomes the classic warm roof problem by placing thermal insulation
above the waterproof layer, maintaining it at an constant temperature close to that of the
building interior and protecting it from the damaging effects of UV radiation and from
mechanical damage failure. The covering could be either dry paving, shingle or green
roof. The waterproof layer acts as a total vapour control layer and, being on the warm
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side of the insulation, is maintained above dew point temperature so the risk of
condensation is eliminated. The inverted roof concept has other benefits as it can be
installed in any weather, added to existing roof without stripping the waterproof layer or
easily lifted and replaced/re-used if the building is altered. Using the inverted roof
construction requires the insulation materials which have high moisture resistance and
compressive strength like extruded polystyrene (XPS), polyurethane foam, foamglass,
etc. The cheaper option could be installing the waterproof layer in-between the insulation
layers where just the upper layer (of 4 to 10 cm) is moisture resistant.
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Figure 12: The example of attic gable insulation with inverted roof construction (source Treberspurg &
Partner Architekten)

Insulation of the pitched roof depends on rafter construction, where the insulation can be
installed in-between the rafters and the extra insulation underneath the rafters or above
them. The option underneath is more feasible when the roof covering was installed recently.

When renovating the roof an option of penthouse with extra flats for sale has to be taken into
consideration. This kind of co-financing is used with success in the areas, where the price of
a building land is high.

2.3. The window renewal

The frequent source of great heat losses are the windows in older buildings. Not only due to
the low-class glazing, but mainly due to untight windows or their connection, the heat is
literally running out. The low surface temperatures of the frame and the glazing may result in
moisture condensation which than flows over window frame and could damage the
construction. The other aspect is thermal comfort which is by the poor insolating windows
also low, so the necessity for high-quality windows is substantial.

The requirements for windows and their installation remain the same in retrofitted buildings
or new Passive Houses. The triple glassed windows and high-quality frames with the U-value
of overall window 0,8 W/(m?.K) will provide sufficient thermal protection. One can avoid the
thermal bridges of window installation by positioning the frame in front of bearing
construction into the insulation layer (Figure 13) or at least flush with the outside plane of
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wall. The insulation of outside window reveal and the frame is also important to design in the
most possible width. The window is necessary to be connected precisely airtight with the
special joint tapes or sealing profiles.

. &
Figure 13: The windows fixing is the same as with the new passive buildings. The windows can be
offset to the insulation layer due to thermal bridges elimination. The airtight joining-up using special

tapes and sealing profiles is also very important. (source CPD, Solanova Consortium)

What frames to choose — plastic or wooden?

In most of the retrofitting the plastic window frames are chosen. In most cases these satisfy
the three most important requirements: low price, durability and easy maintain. Aluminium
frames are not very suitable because of bad thermal performance and the wooden-
aluminium windows are expensive. By all means the frames have to fulfil the U-value under
1,1 or even under 0,9 W/(m°.K) is possible to achieve for reasonable price. The frames
should also allow the most possible over-insulating of the reveal.

What if the windows are relatively new and just the facade insulation is going to be realised?
How to make the windows ready for the future replacement? Here the insulation make piece
needs to be placed to the outside reveal, which serves as a temporary solution till the
windows are replaced. This piece is then cut out and new frame is placed without breaking
the facade.

Quite often after the "usual” renovation and windows replacement the mould growth on the
inner window reveal could occur. That is a problem combination of both thermal bridges and
insufficient ventilation. The window fixed in the bearing construction layer and poor insulation
of the window reveal cause the inner surface temperature decrease. Insufficient natural
ventilation together with the new air-tight windows results in interior humidity increase, which
condensate on the cool spots. In case of the Passive House retrofit one does not have to
worry. The correctly fixed quality windows have higher interior surface temperature and the
comfort ventilation provides required air exchange.
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Figure 14: Even when renovating the facade without the windows replacement the problem can be
sufficiently solved. The make piece of insulation (left) is mounted to insulate the window frame and the
reveal, which is than replaced by the new windows. (source CPD)

The important element in modernization is to provide the summer comfort using the effective
summer sun protection. The questionnaire survey shows that the inhabitants of panel houses
are more unsatisfied with summer overheating than with the winter cold. One has to reckon
with it in the process of modernization and install high-quality sun shields, ideally the window
integrated ones or exterior or even the interior shutters.

Figure 15: The summer comfort is very important in multifamily houses and different shading systems
are used. Integrated jalousies between the glazing meet high efficiency together with their wind
protection. (source Internorm)
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The principles of windows renewal:
selection of high effective frames and triple glassed windows

correct fixing of windows, ideally into insulating layer with over-insulated reveal and the
frame

airtight connection of windows

efficient sun protection

2.4. Airtightness

The retrofitted buildings should have the same low airtightness values as the new buildings.
The majority of existing buildings are literally like the sieve where the heat is running out of
the leaks. There are some more reasons against — colder spots (the leakages) could affect
the thermal comfort with the draughty conditions. The worse could be that again the moisture
could condensate here and it's not a long way to the mould growth and further hygiene
problems. Airtight envelope is also required by the ventilation system with the heat recovery.
If the air is changed more through the leakages than through the heat exchanger, the
efficiency is cut-down significantly. Therefore also retrofitted should achieve the airtightness
value ng, under 1,0 h or ideally the value 0,6 h required for Passive Houses. This is
assured by the pressure test known also as the Blower-door test.

Airtight layer in the area is usually assured by the layer of plaster or the construction material
itself (e.g. concrete) so that is not a problem principally. Connections and joints of different
constructions (decks, windows, roof, panel joints, etc.) are the main spots which need to be
solved and sealed properly.

How to assure the desired airtightness:
- the existing state assessment / leakages localisation
- the detailed solution planning
- right choice of sealing material (tapes, foils, boards, etc.)
- precise realisation of airtight envelope
- verification by the pressure test
As long as the buildings are multi-storey (usually with more than 5 storeys) the wind

exposition is lot higher than in single family houses. It is why the assurance of the
airtightness needs particular attention.

2.5. Comfort ventilation into retrofited buildings

The existing multifamily and panel buildings have immense drop of relative air humidity in the
winter time, far from the standard specification requirements. Mostly in spite of the untight
building shell and therefore due to over-ventilation, the relative air humidity was under the
value of 20% in some cases. This is nonconforming from the hygienic point of view. The
renovated buildings have the opposite problem. The airtight envelope and insufficient
intensity of ventilation result in the increased relative air humidity levels over 60%. Such an
environment is ideal for the mould grow and mite reproduction causing diseases, e.g. the
allergy, asthma, etc. The most efficient protection is the continuous ventilation with optimal
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intensity. Unfortunately out of experience this is not carried out by the inhabitants especially
in winter.

The mechanical ventilation fulfils these demands easily. The fresh air is supplied in required
amount to the living rooms and the polluted used air is extracted in the kitchen, bad or toilet
areas. Thanks to the high-efficient heat recovery up to 80% of the ventilation heat losses are
eliminated. In reality it means that the supply air is coming inside the flat pre-heated by the
extracted warm air with the close to the room temperatures. The ventilation units without heat
recovery are unsatisfactory from the both energy and comfort point of view and the use of
these systems is not recommended.

The ventilation system into retrofitted:
ventilation units with heat recovery — efficiency min. 75%
constant supply of fresh air = high-quality interior environment
elimination of ventilation heat losses
reduced noise pollution and dust formation compared to ventilation by windows
suitable for persons suffering with allergy — possibility of pollen filters
provision of sufficient air exchange — mould protection

Mechanical ventilation and the users

Contrary to the mentioned reasons and advantages the mechanical ventilation is the
technology which settles with the most difficulties in the complex renovations. One of the
reasons is that the technology is relatively new, which the people do not know and usually
mistakes with the air-conditioning. Users are also worry about the noise level, draught or
difficult controlling. Some bad examples from the pioneer years, when there were lack of
experiences and quality units are unfortunately spoiling the ventilation’s name. But the high
satisfaction in many good examples clearly shows, this technology has a future. Following
steps could help with the easier acceptance by the users:

- set up an example room (best directly in the retrofitted building) showing a running
ventilation system, which can be tried by users

- distribute info-sheets with the answers on frequently asked questions

- the system controls have to be as simple as possible with minimised number of
modes (e.g. off, minimum, standard, party, summer)

- the user manual has to be given to all the users and further meetings or discussions
can be organised

The other reason for the occasional installation of the ventilation system is the price. Average
cost of a complete installation of ventilation system is 2500 — 4000 euros per flat, depending
on the floor area and the complicacy of fitting. The average payback of the system would be
between 20 — 30 years. But it is beyond possibility to justly figure the payback of this
technology, because apart from reducing the ventilation heat losses (up to 85%), it has
another significant function — it keeps the prime and healthy indoor environment and it is
pretty fundamental in the renovated buildings. In the end it would be a shame if because of
couple cents per day, the renovated flat would have worse indoor environment than before

renovation.
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Where to place the ventilation system?

Of course in the older buildings the space for placing the ventilation unit and piping were not
taken into account. The separate technical rooms are usually not available and for the
ventilation units the other spaces are used — false ceilings, cases, the raising pipes space,
the attics or basements. The heating system usually stays the same after some
improvements. Therefore the concept of separated heating system and the simple ventilation
with heat recovery is often used. Mechanical ventilation system itself is hard to assert so
heating via heated air is used rarely in renovations by reason the dwellers are more familiar
with the radiators usage.

Regarding the limited space in the renovated buildings the ceiling piping is most common.
Usually the circular section ducts are installed in the false ceilings. Just the supply air inlet
above the door is visible. If there is necessity of ducts passing the room interior one can
choose also the rectangular section that is possible to plaster or overlay.

Figure 16: Just an above-door supply air inlet is visible. (source CPD)

According to the placement of ventilation unit the three basic options/concepts of ventilation
systems are used:
central ventilation system — one unit for whole building or section of building

semi-central ventilation system — one unit for whole building with regulation in apartments
decentralised ventilation system — independent units for every apartment

The selection between these options depends on type and size of a building and its inner
disposition. Following overview of systems could serve for basic orientation and for
comparison of advantages and disadvantages. The choosing of right ventilation system has
to be left to professionals with experiences of designing the systems for passive houses. The
economical analysis should be made with several alternatives and their initial and operating
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costs together with the other factors (e.g. installation, cleaning, maintenance, regulation,
etc.). Only after weighing it all up the particular system should be chosen.

Central ventilation concept

The central solution of ventilation system comprises one ventilation unit with recuperation for
whole building (or compact section) placed centrally on the roof or in the basement of
building. Air ducts of bigger diameter distributing the supply and extracted air between the
floors where it is conveyed to the flats. This solution is rarer in renovated buildings due to the
space limitations and the inferior controllability.

Figure 17: Central (left) and decentralised (right) ventilation systems (source
www.energiesparschule.de, Haus der Zukunft)

Decentralised ventilation concept

Decentralised ventilation concept is supposed to ventilate particular flats by the individual
smaller ventilation units. The benefit is the excellent controllability and easy regulation with
the minimal number and length of smaller diameter air ducts. The units are mostly placed in
lowered ceilings of communication rooms or in the bath rooms with the access for
maintenance (revisions, filter change, etc.). The fresh and the exhaust air pass through the
individual facade openings or either fresh or exhaust air could be grouped together.
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Figure 18: The effective ventilation can be provided by decentralised ventilation units. It is great
solution with the low space requirements and minimum amount of air ducts. The location of the units is
usually in false ceilings of corridor area (left) or in the bath room (right). (source Solanova Consortium,
CPD)

The semi-central ventilation concept

It is based on the combination of the two abovementioned ventilation concepts, and attempts
to take advantage of their benefits. It is mainly used in multi-storey buildings where the
application of central concept is due to the air duct length, complicated controllability and
regulation of ventilated air practically unfeasible. The non-central concept may be again too
expensive. The optimum compromise can be using of the central unit with heat recovery and
individual decentralised units just with the fans in every flat. Thus the air conditioning like pre-
heating, heat recovery or others are realised centrally. The central fans for fresh and exhaust
air are often used to balance the pressure differences in the system. The small units in the
flats are just equipped with the fans for supply and extracted air and eventually with the extra
air heat-up in case of the warm-air heating system. In some cases it is efficient to combine
the ventilation units and small heat pump with capacity of 1,5 — 2,0 kWh/(m®a) for both
heating and hot water preparation. The heat pump is using the residual heat of exhaust air
(after the heat recovery) for heating the water which is stored than in a small boiler. The
effect of the semi-central ventilation concept could lead to lower cost comparing to the
central or decentralised systems. The heat and electricity consumption reading is simplified,
because every dwelling unit has its own energy consumption and heat register. Last but not
least, the maintenance of the complete system, the filter changes and possible repairs are
clearly simpler.
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Figure 19: The use of semi-central ventilation concept can be optimal for multi-storey buildings.
(source www.energiesparschule.de, Haus der Zukunft)

Summary

Following table compares the ventilation systems suitability in different aspects.

Central |Semi-central| Decentral
system system system

Space demand — ventilation unit placement

Space demand — air ducts (diameter, length)

Installation process

Installation of fresh and exhaust air openings

Air conditioning (warming-up, cooling, humidity, etc.)

Regulation and individual controlling

Fire safety

Noise protection

Maintenance (filter change, revisions, cleaning)

Identification of malfunction

Initial costs
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Operating costs (consumption, maintenance)

Energy management process (reading, etc.)

= Optimal solution
] Moderate solution

- Worse solution

2.6. The heating system

The existing heating system is mostly in a state of “anyway renovation”. Regulation of
heating is usually out of control and distribution loses are enormous. After the energy
efficient measures the building’s heat loses are significantly cut down. If the heating system
stays the same, the energy savings will be far from the longed-for figures. It often happens
that controlling valves are out of order, so they are usually fully open and users simply
regulate the temperature by opening the windows. Therefore the renovation of heating
system to achieve real improvement should include following steps:

regulation of heating system to the lower temperature gradient — this causes significant
drop of distribution heat losses

installation of thermostatic radiator valves, which automatically regulates the flow
according to the set-up temperature

insulating the heating and DHW piping by the sufficient insulation thickness
(recommended is ca. 200% of pipe diameter).

The insulation of pipes manifold is often neglected and minimal thicknesses of insulation are
used. But the study cases shows, that is economically feasible to insulate with a double
thickness of pipe diameter. A principle “in for a penny, in for a pound” works well also here. If
there a relatively difficult operation of piping insulation has to be done, it's necessary to do it
properly and in essential extent.

2.7. The using of renewable energy sources

The energy saving measures are often connected with heat source replacement by more
efficient one, in some cases also using more the renewable energy sources. When changing-
over from district heating to a local source in larger buildings, it is worth to consider the
cogeneration station (combined heat and power production — CHP), or local biomass heating
station. Further savings can bring the use of solar energy either for hot water preparation or
electricity production. These solar thermal collectors or photovoltaic cells are mostly installed
into the fagade or on the roof.

2.8. Summary of energy-efficient measures

The most common problems and their solutions:
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Existing buildings — problems T

ne retrofitting key issues

The external walls does not fulfil the
standard’s requirements, immense thermal
bridges

Degradation of construction elements -
rusting of reinforcements, leaking at joints

18 — 30 cm insulation of exterior walls

Insulation of basement (eventually
foundations) — 10 to 20 cm of insulation

Good protection of facade — insulation and
plastering system or ventilated facades

Massive thermal bridges at joining-up of
balconies and loggias

Elimination of thermal bridges by separating
the construction of balconies, loggias or
communications from the building
construction. These should be designed as a
self-supporting structures (if possible).—
adjustment of balconies and loggias

Inconvenient roof construction — generally it
does not fulfil the standard’s requirements,
huge thermal bridges, frequent damages —
e.g. faulty water-proofing or roofing

Roof insulation including attic gable — 20 up
to 40 cm of insulation

Fitting the appropriate roofing

Untight windows and frames, glazing does
not fulfil heat transmission requirements

Renewal of windows — using of glazing and
frames to fulfil Uw-value of 0,8 W/(m%K™)

Fixing the windows into insulation layer,
insulated outside reveal.

Untight structures causes significant heat
losses and local thermal bridges — the
comfort and hygiene can be distorted

Air-tight frame and window connection,
tightening all the construction joints.

Air-tightness test - ns, under 0,6 h™

High thermal losses by ventilation

Installation of controlled ventilation system
including heat recycling with the efficiency
> 75%

High thermal losses in heating system and
distribution, low efficiency

Regulation the system to lower gradient
Installing the thermostatic radiator valves.
Insulation of heating and warm water piping
with the insulation (thickness 200% of pipe

diameter).

Replacement of a heat source + utilization of

renewable energy sources.
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3. Economics of retrofitting
Passive house and passive house retrofit are the best retirement provision!

Andrea Sonderegger

The overall investment of renovations and its efficiency is logically the biggest issue for the
investors and it gets the highest importance above all. The economics are usually the reason
for taking the quality energy efficient measures or staying at the ordinary insufficient
renovations. The cost-optimal level of renovations is often discussed the most by all of the
interested parties and the economical calculation than serves for reasoning the choice. The
biggest problem is that the current calculations often suffer from major distortions. This can
lead to huge differences between the results. Nowadays well-established calculation practice
includes several distortions in cost-benefit calculations and therefore cultivates (not
necessarily intentionally) the sub-optimal insufficient renovation levels. This at the end
hampers the real efficient steps leading to sustainable buildings. For instance if payback
calculation method is applied for renovation, it would prefer cheaper investment with the
shorter payback time of measures, but at the same time with the smaller savings and the
shorter lifespan. However, the alternative with the shortest payback may not be the one that
yields the highest profit especially when talking about the goods like buildings with the
lifecycle of several decades. The calculation methods free of distortions both optimistic and
pessimistic are therefore essential for the high-quality retrofitting with long-term benefits.

The distortions which can affect the calculation and their solutions are following:
Static calculations which do not take into account the interest rate. The renovations are

mostly mortgage or loan financed and therefore the interest rate need to be considered.
Exponential energy price increase. For instance if the annual increase of energy prices or
primary energy sources is 5 % in 40 years lifecycle the price would be 8 times higher.
This could higher-up the savings, but would probably never happen as long as the energy
market will work.
Static payback methods tend to prefer shorter lifecycles with smaller savings in order to
reach the shortest payback time

- Too high interest rates without considering the annual inflation rate. Real mortgage
interest rates and real inflation rates have to be taken into calculations.

- The rehabilitation investment for the repairs should be extracted from renovation costs —
these costs would have to by spend anyway.

The result of calculation should be easily comparable by investor. It is why the calculation of
“investment per saved kWh of final energy” is widely used for retrofits. It gives investor an
idea how much cost a saved kWh when energy efficient measures were taken. It is easily
comparable with the current and future energy prices, which he would have to pay for “not
saved” energy if the renovation would have not been realised. It is calculated as follows
[Hermelink 2009]:

The initial investment is re-calculated into equal annuities for the lifetime of the energy

efficiency measure investment. This is done by multiplying the investment with the
appropriate annuity factor which is based upon realistic lifetimes and interest rates.
Finally the annuity is divided by the annual energy saving. Now the “investment per saved
kwh of final energy” can be compared with the current or any assumed future energy
price in order to decide about the profitability of the energy investment.
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The calculation of investment per saved kWh could be done either for whole renovation or
just for particular energy efficiency measures. Next figure shows the price of saved kWh of
particular measures made by PHI.

Figure 20: Cost per saved kWh of final energy for particular measures (source PHI)

It's beyond question that economical calculations don’t count with all the relevant aspects of
quality retrofits correctly. Co-benefits of energy efficiency measures can be seen as an
advantage or added value which definitely cannot be ignored:

- higher value on the market according to a higher standard of indoor quality
- higher independency from energy import and prices
- extended ethical lifespan of elements, which will be longer up to date

- better indoor environment quality — higher thermal comfort and air quality and
therefore healthier life in these buildings

- risk reduction — less poverty risk in case of rising energy prices
- environmental effect - climate changes protection

This altogether makes from retrofits interesting investment for the future where a house with
very low energy consumption could really be the best pension insurance.
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4. The renovation process
4.1. Decision-making process / Order letting

In order to achieve energy-efficient and cost-optimised renovation of a building such an order
must come from a property owner. Unfortunately owners are often not informed enough and
most of the architects and engineers couldn’t help them either, whilst not knowing the
passive house technology. The education of both investor and architect is therefore essential
to achieve desired effect.

The decision making process can be affected by several aspects but most important are:

- level of information of both owner and architect about the appropriate measures and
benefits (explained in previous parts)

- property rights
- participation of flat inhabitants (evtl. flat owners.)

Property rights and influence upon the decision-m aking process

There are several types of property rights with consequent opportunities in decision making,
financing or realisation. In Czech Republic a property owner can be:

- private person

- state / municipality
- housing association
- corporate body

- individual flat unit owner usually united in flat unit owner’s association

What type of the ownership is the best one for the complex modernisations in Czech
Republic? Results of the research undertaken by the Institute of the Territorial Development
show that the highest motivation do have the individual owners of the flat units followed by
the housing associations. The actual state of retrofits unfortunately does not correspond to
that. The associations and the individual owners do care about the houses more
continuously but tend to carry only the partial measures like insulation of external walls,
windows replacing, etc., often without the logical continuity to further steps combined with
insufficient extent or quality. The main issue is financing possibilities, so here are the
following options:

- The extra costs for the modernization partly projec ted into the rent - this option
is still insufficient because not all the extra costs for energy efficient measures can be
paid back in higher rents. There is also a strong position of the legislative related to
the rental housing (non-payers, black lodgings).

- Loans/ mortgages - itis the most common source of finance for renovations. for the
private owner or smaller association it's more difficult to get the appropriate amount of
finance. Abroad it is current that the reconstructions to the passive standard are
privileged because the ability to pay the credits is with the minimal operating costs
much higher. Banks or building societies take such guarantee in the form of passive
or low-energy house and offer the lower interest rates or higher provided amount to
cover the necessary additional costs. There are also companies similar to the building
societies which offer loans with advantaged interest rates to cover the additional
costs related to the passive house components. These are than paid off from the
savings on the operating costs. The banks in our country unfortunately do not pay
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attention to the quality nor to a rate of the accomplished energy-saving measures
neither in order to offer a credit, nor to seize its amount and a chosen interest rate.

- Subsidies - there is a current subsidy scheme that supports the renovations of
multifamily and block of flats. There are two levels of support for different energy
performance levels reached after renovation - when reaching the annual energy
demand for heating under 30 kWh/(m?a) the height of support is 60 €/m* and if
reaching the demand under 55 kWh/(m?a) the height of support is 42 €/m?. More
about the subsidy scheme is on the website www.zelenausporam.cz .

- Own capital — is many times used for co-financing the loans. Just the stronger
housing associations or municipalities have enough capital to finance the main part of
measures from their own.

Participation of the flat inhabitants in the decisi on-making process

Identifying the needs of the dwellers or flat owners and the adaptation of renovation targets
to these needs is extremely important because finally it is the inhabitants who use the
buildings in the everyday life. In past and unfortunately even today this fact was neglected.
Nevertheless it determines the success of modernisation. If the inhabitants are not identified
with the proposed changes and are not informed enough it can affect the realisation process
as well as the occupant behaviour during the use and achieved energy savings. Also the
dwellers satisfaction depends on the acceptance level of measures. It happened several
times that group of dwellers raised a protest or used legal power against the process of
renovation. Mainly it was caused by the dwellers doubt and lack of information about the
renovation benefits. The best remedy is therefore effective communication with the dwellers
from very beginning of renovation process.

Finding out the needs and interests of the inhabitants can have more forms. In order to
assure the objectiveness of whole process it is possible and often also desirable to invite the
external organization who helps to facilitate partial meetings, interprets the questionnaires
and serves as a mediator and supervision in the process of renovation. Facilitation of the
meetings and discussions is an important process that can noticeably help the
communication among the inhabitants where there are pronounced opinion-groups. These
practically occur in all the cases and in order to find a consensus or a decision there are
often needed professional abilities to handle the problematic situations. In case of the
absence of the facilitators this role has to be taken by some of the dwellers, but the
impartiality of chosen one can be taken diversely.

It is important that the inhabitants are ready to become involved since the beginning of the
planning phase and the first information. It helps to create the working groups of the
volunteers from the dwellers already in the first meeting. These work in different fields as
"speakers" between the dwellers, do initiate the information meetings or other actions. The
following points can help the involvement of the dwellers.

The most wide used communication methods are:
moderated/facilitated public meeting

guestionnaires

interviews

guestion boxes since the beginning until the end
parties

settlement review/newsletter

0t

my
i



The inhabitants can be involved in more levels.
1st level — Information

Information is essential of involvement of the inhabitants to the prepared process of the
renovation. It is a flow of the information from the builder towards the dwellers. The possible
forms of informing are:

- personal or public letter via post or email

invitations
notes form the negotiations of the housing community
information on the notice boards
internal journal
- webpage

2nd level — Consultation

Here a dialogue between the architect and the dwellers is led in order to in order to achieve
best planning results, where also the dweller's needs are taken into account. It may have following
forms:

personal interviews

guestionnaires (personal, written, telephonic)
public meetings/negotiations
excursions

3rd level — Co-creation

In this phase the active involvement of the population emerges. The citizens do handle the
actual problems and write their comments, questions and wishes into the plans. In this level
the citizens are considered as the experts of their own housing and their flat indoor
environment. Means of involvement:

round tables

- working groups
- workshops

A negative side of the co-creation is a small part of the engaged inhabitants. On the other
hand it is not possible that everybody involves in the great projects. Therefore there is a
effort to create a stable circle of people willing to participate.

4th level — Common decision-making

In this process the people take their responsibility for their decisions. The decisions are
collective, for example of all block but also individual (where the decisions concern one’s own
flat).

Means of the involvement: for example voting.

Basic principles of dwellers participation
dwellers must have the access to project details
all the dwellers interested in participation, should be engaged
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- the way how to treat with the results of dwellers participation should be defined from the
beginning
dweller’s requests, suggestions and opinions must be taken seriously

- the participation process must not serve to the manipulation or misuse and must stay
unprejudiced

4.2. Planner selection

The high-quality project is a base stone for high-quality renovation. Using the above
mentioned principles an order for such an energy-efficient renovation can come from
investor, but there must be someone who can implement this into the building design. Just
the planner team experienced in low-energy or passive house technology can design the
energy-efficient and cost-optimised solutions as well. Therefore the references of previous
renovations should be checked by investor.

The higher project price is usually reasoned, because of more detailed planning. Complex
and detailed design even with the higher initial costs can save a lot during the realisation,
where also the budget calculation with single-item list is lot easier. The building company can
also give the more accurate offer without rising the budget during the works.

The project of building renovation should include :
- the design of appropriate insulation with the thermal characteristics of construction

according to passive house recommendations
- the thermal bridge free solution of construction details (e.g. windows, attics, roof, etc.)
- the airtight layer design with the used sealing materials
- windows optimised (type of glazing, frame, summer shading, etc.)
- the mechanical ventilation design (appropriate ventilation system, noise and fire
protection, regulation and controlling)
- the heating system regulation and appropriate piping insulation (eventually the heat
source replacing)
energy demand calculation according to national standards and economical calculation of
cost-benefits
In case of any doubt about the design one can always use the external organisations or
planners for design inspection.

4.3. Contractor selection / realisation phase

The complex renovations require not just the precise planning but also the high-quality
construction works, which cannot be realised by “amateurs”. So make sure that all the works
are realised by the qualified company with the appropriate experiences and quality warranty.
Careful construction company selection, which is able to provide the building site logistics,
supervision, first-class realisation and the quality assurance (Blower-door test, thermal
|mag|ng) is utmost important.

inform about the references and experiences of construction company

compare the price quotations between the companies
- the contract for work is important, best checked by the lawyer
in the contract demand the reaching of required values and the appropriate quality
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- warranty should be included as well as the fines and penalties

If any doubt about the quality of construction company one can always use the services of
residence inspector or external engineering inspection. The budget for it is usually worth it
and the costs saved during the construction works can be lot higher.

Usually most of the works has to be done during the normal operation of occupied flats.
When realising the measures which needs dwellers cooperation it is necessary to inform
them properly about the process, degree of works and time schedule to avoid potential
inconveniences or complains.

4.4. Using stage of the renovated flat

After successful renovation there comes a stage of usage. To achieve desired energy cut-
down figures the appropriate dwellers behaviour is important. It is very difficult to change the
years-long habits. The dwellers do sometimes tend to use the windows in order to ventilate
the room even if the ventilation unit is working or to reduce the indoor temperature by
opening the window instead of twisting the radiator valve.

Therefore the user manual also with frequently asked questions should be made by the
planner or external organisation and given personally to the users after the renovation
process is finished. It is recommended to hold the induction training to the system use either
collective or individual. There must be a possibility for the dwellers to get the further advice.

The main problems of dwellers behaviour which are lowering the value of energy-efficient
measures:
use of the natural ventilation via windows especially during the winter instead of

mechanical ventilation with heat recovery

- too high air change rate (ventilation intensity) can cause too dry indoor air — setting up the
appropriate degree according to occupancy of flat

- too high indoor temperature — after renovation interior surfaces of walls, windows, etc. are
warmer so the room temperature can be lowered while the same thermal comfort is kept
not using the radiator’s valves to control the temperature — thermostatic valves can keep
the set-up room temperature
during the summer time the shading elements are not used properly and the windows are
opened during the day-time — this can lead to interior overheating and users discomfort;
solution is to use the shading system together with closed windows and the mechanical
ventilation with the summer bypass

These above mentioned problems occur usually during the first year after renovation. If
necessary an extra monitoring (e.g. windows opening, using the ventilation system, room
temperatures, etc.) can be provided. The further meeting concerning the issue of dwellers
behaviour and possible solutions is recommended. In some cases automatic energy
management system with consumption devices can be installed, but the price compared with
the possible savings is disadvantageous.
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5. Best practice examples of retrofits

Successful and high-quality examples of retrofits are especially in the housing construction
very important and ease the further multiplying. One bad example can spoil the reputation for
a long time and is difficult to erase from the minds. Following examples are the successful
ones and thus worth multiplying.

5.1. SOLANOVA (Dunaujvaros, Hungary)

82 — 90% energy saving

Location, address: Dunaujvarosi Viz-, Csatorna-,H szolgaltatd
Kft., Hungary

Surroundings: town Dunaujvaros

Climate: Continental, winter -15 to -10C

Year of construction: 1975

Year of renovation: 2003 — 2005

Typology / No of floors: 7-storey-panel residential building

No of dwellings: 42

Total floor area: 2742 m?

Heating energy consumption: [kWh/(m  2a)]

Before renovation: 213
After renovation: 40 = saving 82%
Owner: Association of owners

Architect and builder:

Costs of energy saving measures: 240 €/m? + VAT

Renovation financed by: Individually by owners of flats with support of
Hungarian government and local authority

Objectives and results

The objective was a pilot replicable project of com prehensive renovation of the panel
residential buildings with factor 10, thus less tha n 10% energy need for heating after
retrofit.

The energy savings for heating were 82% after the first heating season, after the second
season savings were up to 92%. The original total annual energy consumption for heating
213 kWh/(m?a) decreased to 40 kwh/(m?a), after second season it dropped to 20 kWh/(m?a).
The share of renewable resources from solar energy amounts up to 20% of the total
consumption for space heat and domestic hot water.

Within the framework of the European Comission's project ,ECO-BUILDING", focused on the
renovation of the existing panel residential buildings in Eastern Europe, it serves as the first
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best practice example for the implementation of the sustainable approach. The effort at
SOLANOVA is a symbiosis of three strategies:

Design reflecting human needs
Optimised resource efficiency of the building

Optimised solar supply
The result is a great example of comprehensive renovation to the low-energy standard close
to passive house for reasonable costs which in case of similar repeating renovations could
fall another 10-15%. Dwellers’ satisfaction with the temperature and with the flat itself
radically increased mainly due to integrating attitude where the opinion survey of dwellers
preceded the project.
The project wouldn't have been successful without partners and other institutions:

University of Kassel, Center for Environmental Systems, Research (WZ IlI)

Budapest University of Technology and Economics

Energy Centre Hungary

Passive House Institute

Renovation concept/Key renovation features
Insulation of facade, cellar, attic gable and roof
High efficiency insulating triple glazing with integrated roll-up shutters
- Application of highly efficient forced ventilation with heat recovery in each dwelling unit
20% of total energy consumption for heating and hot water covered with solar energy
Creating common area — a green roof carried on the roof of the building

Satisfied dwellers
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Comparison — actual state of the art

Before renovation After renovation

Non-insulated facades: Facades insulated with 16cm EPS

U = 1,8 — 2,0 W/(m’K), large thermal bridges | U = 0,19 W/(m?K)

Roof Roof insulated with 30cm XPS + green roof

U = 1,3 /(m°K) U = 0,11 W/(m?K)

Wooden single windows Plastic windows — insulating triple glazing
(2+1) with integrated roll-up shutters, air-
tightness provided

— 2
Uw = 3,2 W/(m?2K) — in-built window Uw = 1,1 WHm'K)

Ventilation: Ventilation:

Natural ventilation Forced ventilation with heat recovery > 80%
efficiency

Heating: Heating:

Radiators — high temperature system 90/70C | Reduced number of radiators — low
temperature system 60/45C, thermostatic
valves

Support for heating and hot water - 72 m?
solar thermal panels - 20% participation

Air-tightness: Air-tightness:

Nso = 7 — 12 h™, very untight windows Non-measured — but considering energy
consumption and tight windows it is assumed
N is around 1 h

Energy saving and monitoring

Total energy consumption for heating before renovation: 213 kWh/(m ?a)
Total energy consumption for heating after renovation (after 1.winter): 40 kWh/(m a)
Total energy consumption for heating after renovation (after 2.winter): 29 kWh/(m 2a)

Lessons learned and conclusions / Communication wit h dwellers

The project concept was preceded by the opinion survey and dwellers™ preferences, which
has proved very useful. The result is a radical increase in dwellers™ satisfaction that wouldn't
be so evident without their involvement. The opinion survey, to surprise of project managers,
among others has shown major dissatisfaction with summer comfort than with winter comfort.
This caused changes in the concept and the emphasis has been laid on achieving the
summer thermal comfort.

One of the biggest problem, which Solanova project faced, was the fact that renovation has
been undertaken during the use of building, which is the same as with retrofits in Czech
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republic. The dwellers has been informed well and, what is the most important, they
accepted the upcoming changes that encouraged them with patience and optimism needed
to overcome this period. Therefore, probably the greatest transmission of this project is the
experience that just the high-quality technical solutions are not enough to satisfy the dwellers
completely. Only fully convinced dwellers identified with the retrofit concept, whose dreams
are coming true, can properly appreciate the new ideas and changes. The systematic work of
project initiators, including presentations, meetings with people and especially adapting to
cultural background are needed. Because what is acceptable in one country, may not be
easily accepted elsewhere. Often, there are doubts of new technologies. Particularly due to
lack of their knowledge people take, out of principle, a defensive attitude that can be
changed only by education, presentations and, last but not least, by best practice buildings
where people can see the possibilities and upcoming advantages. Therefore, the model
projects, like Solanova without doubt is, are valuable and work as a certain foundation for
further multiplying.

Along with a number of technical analyses the socio-economic survey was carried out within
the project. A survey for the last two decades leads to the view that very technical measures
and analysis do not bring expected results. The reasons for failure are mainly these:

Habits/dwellers™ behaviour is unknown or disregarded

Knowledge of dwellers concerning the ,correct* using of building is not linked with new
technologies and conditions

Dwellers™ wishes are unknown and therefore ignored

Current state of the real-estate market and types of ownership are not being taken into
account

To avoid these traps in the project Solanova the dwellers were integrated into the design of
reconstruction:

Informing the dwellers

Information from the dwellers

At the beginning the survey was conducted, focusing on dwellers’ satisfaction with flats
before renovation, contentment with thermal comfort and suggestions how to improve
situation and dismiss concerns.

To get an objective view of what inhabitants wish for and what they don’t, the 4 questions
has been asked:

- What do you like best in your apartment?

- What would you like to change in there?

- What do you like best in your block of flats?
- What would you like to change in there?

One of the essential outputs of the opinion survey, which changed the concept of renovation,
was a general dwellers’ satisfaction with summer and winter comfort.
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Very satisfied neutral dissatisfied Very
satisfied dissatisfied
Temperature in | 13,5 % 29,7 % 32,4 % 16,2 % 8,1 %
winter
Temperature in | 2,7 % 8,1 % 27,0 % 27,0 % 35,1 %
summer

In winter, dwellers are rather satisfied than dissatisfied. In summer it was 62,1% of
dissatisfied dwellers versus 10,8% of the satisfied ones. Compared with the perception of
temperature in winter, it brings nearly alarming results.

In the concept phase, it brought a pretty new dimension to the refurbishment. Normally the
focus is on winter period due to energy savings. In this case it became a matter of fact that a
summer comfort design had a greater importance than the super-energy saving measure in
winter time.

The further stage of communication with dwellers preceded the realization.

The realization was preceded by the further stage of communication with dwellers by means
of comprehensive talks, where rather the questions were answered than they would be just
lectures. The demonstration room has been established where the air-conditioning was
assembled, the examples of wall structures and installed-in window have been shown, etc.
During fixed opening hours the project partners were present there to answer the questions.
After realization the dwellers were informed and briefed in detail how to use the ventilation
system. On this occasion the user manual was published, it contains the answers to
frequently asked questions and advice in case of problems.

Despite of big efforts to inform well, it is difficult to change the habitual dwellers™ behaviour.
After the commissioning and first winter the energy savings were bigger than expected but
the survey showed that the average indoor air temperature in the flats was 24,7C. The
increase of indoor air temperature compared to the design temperature of 20C caused up to
50% rise of energy consumption. After consultation with dwellers there was a significant
progress the following winter.

In summer, another user problems occurred with shading and night ventilating — overcooling.
In many cases the shields were used in wrong time, it caused the indoor air temperature rise,
though not nearly as much as it was previously common.

The most important finding was that it is not possible to plan and design solutions separately
without engaging the dwellers. Their level of satisfaction is directly proportional to their will
and conviction about the correctness of given changes. In this case, the degree of dwellers’
involvement and know-how was great, the user habits were planned far from ideal anyway.
The level of dwellers™ satisfaction was very high as illustrated by the following figure.
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General dwellers™ satisfaction with flats in
Solanova before (orange) and after retrofit
(green). From very dissatisfied on the left,
through neutral, to very satisfied on the
right. (Source Solanova Consorcium)

The following table shows dwellers™ satisfaction with internal temperature.

Before retrofit After retrofit
Very dissatisfied 9,1% 0%
Dissatisfied 12,1 % 0%
Neutral 30,3 % 2,9 %
Satisfied 33,3 % 31,4 %
Very satisfied 15,2 % 65,7 %

These opinion surveys clearly show satisfactory results.

Until the selection procedure in summer 2004, the project team managed without bigger
problems in the design and optimization of the technical part. This situation changed when it
proved nearly impossible to find at least one construction company that would be willing to
put into practice the principles practically unknown in Eastern Europe with a budget
excluding ,fear premium®, it means a supplement for the first time work. Eventually the
partner willing to participate in the Solanova retrofit asked the project team for the highest
possible level of patience. It resulted in further delay of key decisions and price rising.

Ultimately, the financial side of project shows how big changes can be made for the limited
costs of 240 €/m? (excluding VAT) what is the equivalent of about 6.700 CZK. It is known that
the model projects or more precisely, the first projects require slightly higher costs. The price
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for repeated retrofits is expected to get below 200 €/m?. More meaningful than to figure the
pay-back period is to evaluate the price of saved kWh's during lifetime the retrofit is designed
for. The price can be compared with the current price or estimated value in the future.
Depending on future energy savings and lifetime the evaluated costs of kWh's range
between 2,6 to 4,5 ct/kWh + VAT what is the equivalent of 0,73 to 1,26 CZK/kWh + VAT.
These costs are already smaller than the current price of energy. It means that Solanova is
“bargain“ even without counting all the other positive effects associated with such a
renovation:

Better reputation for the neighbours and the whole area
Environmental benefits
Better opportunities for the use of renewable energy source

Greater financial certainty for the owners of flats arising from almost energy prices
independence

- The house is lacking pollution such as dust and noise - windows can be closed and the
controlled ventilation filters

Stable inner comfort in summer and winter
Continuous supply of fresh air
Elimination of mould growth

More usable space in the rooms resulting from smaller or no radiators and option to
place the furniture to the external wall

State before renovation in 2002. (Source Solanova Consorcium)
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After successful renovation in 2006. (Source Solanova Consorcium)

Ventilation unit on the ceiling of a flat’s hall. This was covered with the false ceiling afterwards.
(Source Solanova Consorcium)
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Solar thermal collectors protects the entrances and at the same time provide 20% contribution on
heating and DHW. (Source Solanova Consorcium)
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Apartment building Tevesstrasse (Frankfurt am Main, Germany)

95% energy saving

Location, address: Tevesstrasse, Frankfurt am Main, Germany

Surroundings: Town Frankfurt am Main

Climate: Continental, winter -15 to -10C

Year of construction: 1950

Year of renovation: 2005

Typology / No of floors: 4 — storey masonry residential building
(wooden roof contraction)

No of dwellings: 54

Total floor area: 3850 m*

Heating energy consumption [KWh/(m  ?a)]

Before renovation: 290

After renovation: 17 = saving 95%

Owner/Builder: ABG Frankfurt Holding GmbH

Architect: faktorl0 GmbH, PHI Darmstadt

Costs of energy saving measures: 1000 €/m?

Renovation financed by: Frankfurt am Main (municipal budget)

Objectives and results

The study showed that existing residential building in Tevesstrasse was in dire need of
thermal insulation and resulting energy savings. Huge portion of existing buildings from the
post-war period up to the 1970s were in such a bad condition and thus in great need of
modernization. Structures built between 1949 and 1968 are solely responsible for 30% of the
heating energy consumed in residential buildings in Germany. The buildings located at
Tevesstrasse 36 to 54 in Frankfurt were built in the 1950s. Due to the condition of the
buildings, the project involved a complete renovation with Passive House components, since
performing all of the energy saving measures promised to be cost-effective.

Heating demand after renovation, calculated according to the PHPP, was 17 kWh/(m?a) in
comparison with the previous heating demand of 290 kWh/(m?®a). Passive House building
services could be used in this renovation even though heating demand is slightly higher than
15 kWh/(m?a), since the apartments in these buildings are relatively small compared to those
in modern buildings. The criterion for using passive House Building services is the ability to
cover most of the heating demand via the supply air from the fresh air ventilation system —
this was possible in all but a few apartments. Apartments on the ground floor were equipped
with small radiators to cover high heating loads due to remaining thermal bridges to the

basement.
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Key renovation features
- Insulation of facade, cellar and roof
- High efficiency insulating triple glazing with integrated roll-up shutters

- Maximum elimination of thermal bridges
- Application of highly efficient forced ventilation with heat recovery > 75 %

- 45 m? of solar thermal panels for heating water
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Comparison — actual state of the art
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Before renovation

After renovation

Non-insulated facades:
The average U-value of the building
envelope

U = 1,47 W/(m?°K)

Two different systems were used: on the
massive existing walls, a polystyrene EIFS
insulation of 200 or 260mm.

Uwall = 0,12 W/(m?K)

In the newly constructed attic level, a light
wood construction system with full insulation
between studs, coupled with an external
polystyrene or mineral wool.

Uwall=0,093 W/(m?K)

Roof: The average U-value of the building
envelope

U = 1,47 W/(m’K)

400 mm of blown-in cellulose insulation

U = 0,11 W/(m’K)

Basement ceiling:
The average U-value of the building
envelope

U = 1,47 W/(m°K)

To save space in this project, an insulation
layer was fitted both to the underside (80 mm
of PU foam panels) and the upper side
(50mm of PU foam panels) of the basement
ceiling.

U=0,177 W/(m°K)

Windows — wooden windows with simple
glazing and plastic double-glazed windows
from 70s.

The average U-value of the windows

Uw = 2,2 W/(m?K)

Passive House windows with triple glazing
Ug = 0,6 W/(m’K)
g=50%

Uw = 0,87 W/(m’K)

Ventilation

Natural ventilation by windows

Ventilation

Forced ventilation with heat recovery > 85%
efficiency, non-central system

Heating

Radiators, central gas heating

Heating

Hot air ventilation system, non-central system,
additional small radiators in apartments on the

ground floor.
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Energy saving and monitoring
Total energy consumption for heating before renovation: 290 kWh/(m ?a)

Total energy consumption for heating after renovation : 17 kWh/(m %a)
Lessons learned and conclusions

Completely eliminating the thermal bridges on the interior and exterior walls of the basement,
as would be done in a new Passive House, was not possible. Various other thermal bridges,
such as balcony anchors and not completely optimized window installation (because of roller
shutters), were unavoidable for structural or architectural reasons. Not being able to optimize
all of the thermal bridges increased heating demand by some 2 kwWh/(m?a), which is relatively
low value for such a big building. The effects of thermal bridges would be much more serious
in smaller buildings.

An essential difference between the renovated buildings and a new Passive House is the
unsatisfactory insulation between the floor on the ground storey and the basement
(especially the remaining thermal bridges there due to the basement walls), which cannot be
thermally separated from the basement ceiling without undue effort. Because the basement
ceiling is so low, its insulation cannot be as thick as would be desired in Passive House.
Nevertheless, the remaining thermal bridges could be reduced enough that they do not
cause any problems in the building, such as moisture or mildew, due to excessively low
temperatures on the inside surfaces of building components on the envelope walls. Thus, the
effect of having worse thermal insulation than a new Passive House is limited to somewhat
higher heating loads and annual heating consumption values on the ground floor apartments.
The problem was solved by installing additional small radiators in these flats.

Thermal bridges were calculated for all of the critical joints, and different variants were
compared with a view of making installation as cost-effective as possible. Passive House
Planning Package (PHPP) calculations were updated continuously throughout the planning
process.

Overall efficiency of heat recovery also has an essential influence on the building’s energy
balance. In this case the producer states the 85% efficiency. The ventilation devices are
installed locally in all of the apartments within the insulated building envelope. Thus, there
are significant heat flows from the bathroom and kitchen to the cold outdoor air and exhaust
air ducts. These cold air ducts have to be well insulated and protected against condensation.
Heat flows are still relatively high because these ducts usually cannot be fitted with more
than 50mm of insulation due to dimensional constraints. The ducts in the Tevesstrasse
project were insulated with 50mm of butyl rubber around the round pipes and some
additional 50mm of blown cellulose insulation in the rectangular ducts, effectively providing
100mm of insulation. These heat flows are taken into account in the energy balance
according to PHPP, thus the heat recovery efficiency was decreased to 75%

Optimizing the air-tightness of the building envelope is also worthwhile as it is very cost
effective. In this project, an average air-tightness of ns,=0,47h™ was achieved. If air-tightness
could have been improved to ns=0,3h™ it would have resulted in additional savings of up
t0 0,8 kWh/(mza). If, on the other hand, an air-tightness value of only nsx=0,6h" had been
achieved, it would have resulted in an additional heating demand of 0,6 kwh/(m?%a).
An nso=1,5h"value, which is still acceptable under EnEV, would have meant an additional
heating demand of 4,5 kwh/(m?a). Such a high additional heating demand could not have
been made up at reasonable cost with any other building upgrade.
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Residential building in Frankfurt/Tevesstrasse before (left) and after regeneration (right). (Source
Faktor 10 GmbH)

Residential building in Frankfurt/Tevesstrasse before (left) and after regeneration (right). (Source
Faktor 10 GmbH)

Residential building in Frankfurt/Tevesstrasse before (left) and after regeneration (right). (Source
Faktor 10 GmbH)
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Residential building in Frankfurt/Tevesstrasse before (left) and after regeneration (right). (Source
Faktor 10 GmbH)

Residential building in Frankfurt/Tevesstrasse before (left) and after regeneration (right). (Source
Faktor 10 GmbH)
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The self-bearing construction of the balconies are anchored locally to the external wall. (Source
Centrum pasivniho domu)

Outdoor fresh air inlet and exhaust air outlet on the facade; roll-up shutters. (Source Centrum
pasivniho domu)
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Hot-water device for heating the supply air. (Source Centrum pasivniho domu)

Ventilation unit installed in the bathroom. (Source Centrum pasivniho domu)

Opened ventilation unit with heat recovery exchanger. (Source Centrum pasivniho domu)
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