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Fig.4. Integrated renovation variants in reference school, retail and industrial build-
ings. First points from the left (investment cost 0€/m?) correspond to average
statistical energy use and in the case of school building to existing situation with
standard ventilation. Next points correspond to renovation variants described in
Tables 4 and 5.

School buildings, Fig. 4, show similar existing situation differ-
ence as was in office buildings, also caused purely by ventilation
so that the ventilation rate of 30% of minimum requirements pro-
vided energy use equal to average use of existing stock. Renovation
variants show somewhat wider range especially due to the demand
controlled ventilation in the last variant which is effective in case of
high ventilation rates in classrooms. This has resulted in somewhat
higher electricity reduction compared to offices, however in both
building types renovation variants use more electricity compared
to average statistical use of existing stock. Retail and industrial
buildings, shown also in Fig. 4, were the only building types with
strong electricity reduction potential. In these buildings electricity
use of lighting and appliances as well as energy use of HVAC domi-
nated and heating energy was significantly smaller than electricity.

3.3. Cost optimal integrated renovation variants

To assess the cost effectiveness of integrated renovation vari-
ants studied, two methods were used. The first one was simple
unit cost approach (invested € per MW capacity) often used for
comparison of energy production plants. To be suitable for energy
savings assessment, unit cost in euros per annual energy saving of
one MWh was calculated. This approach has evident limitations,
but the use was motivated by easy inter comparison of any energy
saving measures in different sectors (transport, industry, energy
production etc.). Another method used was an investment calcula-
tion with net present value method with Egs. (1)-(3). The following
input data was used:

Calculation period 20 years;

Real interest rate 4%;

Escalation of the energy prices 3% (inflation reduced from actual
price increase);

Heating energy (district heat)
included);

Pellets 0.054, gas 0.055 and wood chips 0.031 € /kWh for heating
of detached houses (VAT included);

Electricity price in residential buildings 0.14€/kWh (VAT
included);

Electricity price in non-residential buildings 0.132 € /kWh (VAT
included);

price 0.075€/kWh (VAT
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Fig. 5. Unit costs of energy savings. The points from left to right correspond to
renovation variants of each building type, for example to E, D, C and B for residential
buildings as described in Table 3.

The present value factor (Eq. (3)) fpv(n)=18.05;

All costs include VAT of 20%.

The results of unit costs shown in Fig. 5 were between 400 and
1500€/MWh/a for majority of cases. According to these results,
cost effectiveness of renovation variants was not possible to assess
with this indicator, because of summing heat and electricity, not
taking into account the calculation period and not providing com-
parison with existing situation.

Net present value results, shown in Fig. 6, are free of limita-
tions of the unit cost approach, and show cost optimal variants with
lowest NPV value. The variants studied were sound, as for all build-
ing types integrated renovation variants existed having lower NPV
relative to existing situation. The number of variants was also suffi-
cient, because the last ones with deeper and more expensive reno-
vation measures showed the increase in NPV. Only exception were
retail buildings, where the global cost curve was descending, indi-
cating that the cost optimal can possibly occur at higher investment

Fig. 6. Net present value of integrated renovation variants. The first points (0 €/m?)
correspond to existing situation with standard ventilation and occupancy. Other
points from left to right correspond to renovation variants of each building type,
for example to E, D, C and B for residential buildings as described in Table 3. The
points marked with red circles show one possible selection of renovation variants
for scenario analyses. (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article).
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cost/deeper renovation than that represented by calculated renova-
tion variants. In some cases, the last variants were still cost effective
(NPV lower than in existing situation) and in some cases not (NPV
higher than in existing situation). The results allow one to classify
renovation variants according to investment intensity as follows:

In retail and industrial buildings very low investments
(20-100<€/m?) were highly profitable

In DH-New only small investments were cost effective indicat-
ing that these buildings are in too good shape for major renovation

In all other building types, investments slightly below or higher
of 200 € /m? were cost optimal and in older houses deeper renova-
tion (about 300 €/m?2) was very close to cost optimal.

Marked variants in Fig. 6, which are cost optimal or cost effec-
tive, were selected as realistically achievable in practice with
proper regulation and incentives as follows:

For retail buildings, second variant with reasonable low invest-
ment cost was selected, because this one together with the first
variant is most probable in free market without regulation for such
buildings;

For residential buildings, direct renovation funding grants and
loans were considered, which allow one to require deep renovation
measures and renovation variants being cost optimal or just next
to cost optimal were selected. For old houses, two selected points
represent the situation of two alternative heat source so that the
variant with pellet boiler was considered for 50% of cases and with
ground source heat pump for 50% of cases;

For office, school and industrial buildings also the variants just
next to cost optimal were selected, because of minor investment
cost difference and larger energy savings;

New houses, DH-New, were the only exception where cost effec-
tive variant was not selected, because if such relatively new houses
in good condition are to be renovated, slight overinvestment was
needed to achieve the requirement of EPC category D which applies
for major renovation.

Selection of cost effective variants with slightly higher cost than
that of cost optimal ones is justified because of used renovation
full cost calculation method (building quality and real estate value
are increased but not valuated), relatively low escalation values of
energy prices and calculation period of 20 years which is in residen-
tial buildings shorter than 30 years given in cost optimal regulation
[19]. Such selection does not change the nature of comprehensive
renovation, but instead of cost optimal technical solutions, slightly
more effective and expensive ones are used in order to maximize
cost effective energy savings.

3.4. Applications: energy saving technical potential and scenarios

Renovation variants shown in Fig. 6 allow one to calculate min-
imum, maximum and cost effective energy saving potential of the
building stock. Because of limited number of non-residential ref-
erence buildings modeled, the floor area represented by reference
buildings was needed to increase so that the full building stock
would be represented. If the area of building types not modeled,
reported in Table 1, was covered by proportional increase of the
floor area of modeled reference buildings, an estimate of energy
saving potential of the building stock shown in Figs. 7 and 8 was
obtained.

Fig. 7 reports the delivered energy savings calculated as the sum
of heating energy and electricity. Min values are calculated with
first renovation variants, i.e. corresponding to second point from
left of each building type in Fig. 6. Max values are correspondingly
with the deepest renovation variants, i.e. the last points in the right,
and cost optimal values correspond to marked variants in Fig. 6.
Max values calculated with deepest renovation variants represent
renovation rates of about 20-40% compared to construction cost
of new buildings (1200€/m? VAT included). As these values are
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Fig. 7. Energy saving potential of the building stock calculated as the sum of heating
energy and electricity.

without interior remodeling, they could be considered enough deep
to represent the technical potential of energy saving of the building
stock. Measured as final (delivered) energy, the technical potential
was as high as 9.90 TWh/a (equals to 59.7% of the 2010 final energy
use of buildings), consisting of 9.85TWh/a of heating energy and
0.05TWh/a of electricity. Electricity saving potential was also very
low in the cost optimal potential (6.62 TWh/a heating energy and
0.12 TWh/a electricity), but was higher in the minimum potential
where heat pumps were applied (1.28 TWh/a heating energy and
0.31TWHh/a electricity).

Negative saving of detached houses in the case of minimum
potential in Fig. 7 means that first integrated renovation variants
with standard ventilation and occupancy do not save energy com-
pared to statistical average energy use in existing buildings. Fig. 8
reports the same energy saving potential results as Fig. 7, but cal-
culated with non-renewable primary energy factors estimated in
Section 3.1. Non-renewable primary energy savings are signifi-
cantly lower in building types where renovation variants increased
electricity use because of high non-renewable primary energy fac-
tor for electricity. This applies for offices, schools and is remarkable
in detached houses. In the case of detached houses, it has to be
taken into account that energy use of renovation variants with
standard ventilation and occupancy are compared to the average of
the building stock, which includes many buildings not fully occu-
pied, ventilated and heated. Therefore the result applies for energy
savings in the building stock level and is not meaningful in the case
of a specific building.
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Fig. 8. Energy saving potential of the building stock calculated as non-renewable
primary energy.
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Table 6
Assumptions for the building stock energy use scenarios 2011-2030.
Scenario 1 Scenario 2 Scenario 3
Integrated renovation variants Min Cost optimal Cost optimal
Renovation rate of apartment buildings, %/a 0.75 1.5 25
Renovation rate of detached houses, %/a 0.5 1.0 2.0
Renovation rate of non-residential buildings, %/a 0.5 0.75 1.0
Building stock loss (demolition), %/a 0.3 0.3 0.3
New construction rate in residential buildings, %/a 1.0 1.0 1.0
New construction rate in non-residential buildings, %/a 1.5 1.5 1.5
Application of nZEB requirements in new buildings, a 2026 2021 2016
To assess achievable energy savings within 20 years, three sce- 14 T
narios were calculated with varied renovation rates for the period of @\
2011 to 2030. Building stock size and new construction volumes of 12 —2.5%]
2010 were used as reference level. The assumptions used in scenar- %\
ios are shown in Table 6. Scenario 1 operates with first integrated - Y — 47%
. . . . . © T
renovation variants described in Tables 3-5 (second points from the s 3, heat ———— 26389
left in Fig. 6) and two other scenarios with cost effective renovation E . \
variants (marked in Fig. 6). Renovation rates are selected so that =
Scenario 1 refers to situation where renovation is not supported by ? 1,2,3, electricity|
. . . . . . o
incentives. In two other scenarios, direct renovation funding grants o 6 \ 5.5 %
of 25% and 35% of renovation cost, corresponding to Estonian Kre- [ .
dEx support scheme, are available for residential buildings. Selected v 66%
rer_w\{atlon rates are justified by experience from 520 apartme_nt 12,3, electricity w/o
buildings, where integrated renovation has been completed with 2 new construction
KredEx grants and similar renovation variants. Because of the bud-
geting of grants, the renovation rates were fixed, i.e. calculated from 5
the size of 2010 bu1l'd'1ng stock anfl the same values were used for 2010 e 2020 2025 020
all years. For demolition, also 0.3% of 2010 stock was used for all Year

years.

New construction rates are the same in all scenarios and they are
calculated from construction volume of 2010 (in total 661,900 m?).
The new volume of each year was calculated from previous year
with given rates, which leads to slightly increasing new volumes.
Only difference between scenarios is the year when energy per-
formance minimum requirements are replaced with nearly zero
energy building requirements which are set in Estonian regulation
[22]. Technical solutions of nZEB buildings, energy and cost data
is reported in Kurnitski et al. [24,25]. In Scenario 2, new buildings
are built according to minimum energy performance requirements
due 2020 and nZEB enters into force 2021. In Scenario 1 there is 5
years delay in applying nZEB requirements and in Scenario 3 nZEB
is applied 5 years in advance.

Final (delivered) energy development is shown in Fig. 9. Heat-
ing energy and electricity curves are shown with and without new
construction. Because of new construction, heating energy decrease
was slower (upper vs. lower curves) and electricity use increased
in all scenarios. Electricity increased by 9.8, 8.5 and 6.7% in scenar-
ios 1, 2 and 3 while without new construction these values would
show reductions of 6.9, 6.6 and 6.7%, respectively. In total (with
new construction) final energy decreased in 2030 relative to 2010
by —0.9, 8.4 and 17.6%, respectively in scenarios 1, 2 and 3. Without
new construction, these values would be much higher, 7.4, 15.5 and
23.8%, respectively.

Primary energy development calculated with primary energy
factors estimated in Section 3.1 is shown in Fig. 10. Application
years of nZEB can be seen from the curves as inflection points. Pri-
mary energy savings in 2030 relative to 2012 were smaller than
final energy savings and Scenario 2 provided slightly negative result
in non-renewable primary energy.

When total primary energy may be attributed to energy bills to
be paid for, non-renewable primary energy causes green-house gas
emissions. To achieve the target of Roadmap 2050 | 5] for residential
and service sectors CO, reduction of 37 to 53% (in average 45%) in
2030, renewables or other low carbon technologies are needed in

Fig. 9. Final energy development in three scenarios. Heating energy and electricity
are shown in each scenario with and without new construction. The upper curves
include new construction, for which reductions in % by 2030 are shown. In the case
of electricity use without new construction the differences between scenarios were
too small to be visible with the scale used. For electricity, % values are shown for
Scenario 2.

energy production. In the case of Scenario 2, where non-renewable
energy use remained almost constant, the CO, reduction of 45% can
be achieved if renewable energy share in heating energy would be
increased from current 55% to 80% and in electricity production
from current 11% to 45%, which is lower than the estimate of the
share of low carbon technologies in electricity mix of 75-80% in [5].
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Fig.10. Primary energy development in three scenarios. “tot” refers to total primary
energy and “nren” to non-renewable primary energy.



J. Kurnitski et al. / Energy and Buildings 75 (2014) 51-59 59

4. Conclusions

Energy and investment intensity of integrated building type
specific renovation variants were studied to determine cost opti-
mal energy savings by 2030 as a part of new Estonian energy
roadmap ENMAK 2030+preparation. For major residential and non-
residential building types 3-4 renovation variants with different
ambition were defined so that even the variant with the lowest cost
included the installation of adequate ventilation system, in order
to strictly avoid energy savings at the cost of indoor climate.

Cost optimal energy performance level of deep integrated
renovation corresponded in most cases to minimum energy per-
formance requirements of new buildings (EPC category C) both in
residential and non-residential buildings. Depending on the build-
ing type, the renovation variants were possible to classify according
to investment intensity as follows:

In retail and industrial buildings very low investments
(20-100<€/m?) were highly profitable;

In relatively new detached houses only small investments were
cost effective indicating that these buildings are in too good shape
for major renovation;

In all other residential and non-residential building types,
investments slightly below or higher of 200€/m?2 were cost opti-
mal and in older houses even deeper renovation (about 300 €/m?2)
was very close to cost optimal.

Typical cost optimal renovation cost of about 200€/m? was at
least by factor 2 higher than that reported in [4], indicating that
high investment cost is one major barriers for deep renovation.
Therefore, in order to realize cost optimal energy saving potential,
support schemes are needed especially in residential buildings, in
order to provide financial support which allows also to require the
use of deep integrated renovation measures. This is supported by
previous experience from Estonian KredEx support scheme oper-
ating with grants of 25 and 35% of renovation cost.

Cost optimal energy savings were remarkable in heating energy,
which was reduced by factor 3 in residential buildings and even
by factor 4 in office and school buildings. In contrary, electric-
ity use tended to increase in all of these building types because
of increased ventilation and heat pumps in residential buildings.
Retail and industrial buildings were the only building types with
strong electricity reduction potential. This resulted in negligible
technical and cost optimal electricity saving potential in the build-
ing stock (0.3 and 0.7% respectively) while heating energy saving
potentials were 60 and 40% of the energy use in 2010, respectively.

Calculated scenarios showed the significant effect of new con-
struction which made heating energy decrease slower and led to
increased electricity use in all scenarios. Without new construc-
tion the reduction in electricity use by 2030 relative to 2010 was in
the middle cost optimal scenario 6.6% but with new construction it
increased by 8.5%. In the middle cost optimal scenario, final energy
reduction by 2030 was 8.4%. This is less than previously estimated
20% [4], however the difference would be smaller if new construc-
tion is not taken into account, in such a case the reduction was
16%.

Middle cost optimal scenario led to total primary energy reduc-
tion of 3.4% and non-renewable primary energy reduction of about
0% by 2030 which are significantly less than reductions in final
energy because energy savings were mostly attributed to heating
energy including a large portion of renewable biomass. While total
primary energy may be attributed to energy bills to be paid for, non-
renewable primary energy causes emissions. To achieve the target
of Roadmap 2050 for residential and service sectors CO, reduc-
tion in average of 45% by 2030, in the case of middle cost optimal
scenario, renewable energy share in heating energy needs to be
increased from current 55% to 80% and in electricity production
from current 11% to 45%.
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SUMMARY:

The paper analyses four renovation scenarios for one concrete element building type. These
scenarios were: major renovation, low-energy renovation, low-energy renovation with extensions,
demolition of the original building and construction of a new building. Results reveal that in the
current case an existing building can be renovated to meet the same energy-efficiency levels as a new
building. Demolition of an existing building and construction of a new one raises the global cost at
least four-fold. Analyses of embodied energy via CO, emissions from the materials and energy
production for a building during 20 years show that a new building has higher environmental impact
than low-energy renovation. Therefore, the condition and low energy efficiency of an old concrete
element apartment building are not the reasons to consider its demolition.

1. Introduction

Increasing energy prices and energy saving policies have shifted attention to the energy performance
of dwellings. EU has made a commitment to reduce the emission of greenhouse gases by 20% by the
year 2020 compared to the level of 1990. Estonia has set the goal of maintaining the final energy
consumption at the same level as in 2010. However, this will require a decrease in energy use and an
increase in energy efficiency. Energy economy and heat retention were included as basic requirements
for construction works (Construction Production Regulation 2011) earlier but sustainable use of
natural resources is a recent addition. This means that focus should also be on the durability and low
long-term environmental impact of the construction process and exploitation (often expressed via
carbon dioxide CO, emission).

The design of renovation raises the question of the extent and economic viability of renovation.
Frequent discussions also address the demolition of an existing building and the construction of a new
building. The agenda of Tallinn Vision Council contains a target to demolish 103 of the oldest
prefabricated concrete large panel element apartment buildings (hereinafter: concrete element
buildings) in Tallinn (Sarv 2013). The concept targeted to demolishing existing buildings introduces
new economic and environmental challenges. Previous studies have pointed out that such areas as
exact embodied energy values, the costs and applicability of refurbishment, direct energy impact of
demolition and its wider environmental impact still remain unclear. However, both broad arguments
and concrete evidence support maintaining a focus on renovation rather than on large-scale demolition
(Power 2008).



Results of research covering the current technical condition of Estonian old concrete element housing
stock refer to satisfactory condition in terms of load-bearing but to insufficient energy performance,
indoor climate and hygrothermal performance of the building envelope (Kalamees 2011). Also,
durability of concrete fagades has been found to be problematic regarding to corrosion and frost
damage (Ilomets 2011).

This study analyses different renovation scenarios for one concrete element building type. The aim
was to find out how renovation, renovation with extensions, and construction of a new building affect
the energy efficiency, economic viability, and embodied energy.

2. Methods

2.1 Studied building

The study object was a five-storey apartment building with prefabricated concrete large panel
elements (TABLE 1, FIG 1) constructed in 1966. That type of construction was typical in Estonia and
in other countries in Eastern Europe during the period 1961-90. In total, there are almost 3500 old
concrete element buildings in Estonia (National Register of Construction Works).

During renovation works in 2011, additional insulation was placed to the building envelope, old
windows were replaced, a new two-pipe heating system and a ventilation system with heat recovery
were installed.

TABLE 1. Characterisation of the studied building

Net area, m’ 3519
Heated area, m? 2968
Number of apartments 60

Compactness: Building envelope, m” / volume, m’ 0.35

FIG 1. Picture of the studied building before (left) and after major renovation (right).

2.2 Simulations and calculations

Indoor climate and energy simulations were made for different stages of the building:
o original building without any renovation measures

major renovation

renovation on a low-energy building level

renovation on a low-energy building with extensions of the building

demolition of the original building and construction of a new building



As occupant behaviour related to energy usage is variable and unrelated to the building type, the
energy calculations were made at standard indoor climate and by a unified calculation methodology.
The methodology is specified in local regulations (Estonian Government’s Ordinance No. 68 and
Ministry of Economic Affairs and Communications’ Ordinance No. 63. 2012). Energy performance of
buildings was calculated with dynamic simulations using the IDA Indoor Climate and Energy 4.5
simulation program.

During the first phase of our calculations, simulation models for the pre- and the post-renovation stage
were validated using the measured indoor climate and energy consumption data from the building. In
the second step, validated models were calculated at standard usage and energy efficiency packages
for a low-energy building, for a low-energy building with extensions, and for a new building were
composed (TABLE 2).

TABLE 2. Variables of the simulation model

Variables Without Major Low- Low-energy New
renovation renovation  energy (extensions)  building

Thermal transmittance, W/(m*K) :

walls Uy, 0.90 0.17 0.14 0.14 0.12
100f Usgof 0.80 0.11 0.11 0.11 0.08
basement ceiling Upasement 0.60 0.60 0.23 0.23 0.23
windows Uyindow 1.90 1.40 0.80 0.80 0.80
doors Ugeer 1.10 1.10 1.10 1.10 1.10
Additional insulation, mm:
external wall - +150 +200 +200 +250
roof - +300 +300 +300 +400
basement ceiling - - +100 +100 +100
Air leakage rate qso, m*/(h-m?) 5.0 5.0 3.0 3.0 1.0
HVAC systems:
2-pipe, 2-pipe, 2-pipe, 2-pipe,

heating I-pipe thermostats thermostats thermostats thermostats

natural ~ exhaustair apartment  apartment  apartment

ventilation ventilation heat pump based AHU based AHU based AHU
renewable ener: solar
& collectors

Extensions were attached to kitchens and staircases in the simulations of low-energy buildings with
extensions. Additional space was used to accommodate the ventilation air handling units and increase
the small floor area of the existing kitchen. Solar collectors were installed for heating domestic hot
water (DHW) to compensate the increased heat loss caused by the additional constructions.

The construction of the new building scenario followed the principle that its energy efficiency would
be higher than minimum requirements and would comply with the low-energy requirements for
energy efficiency.

Estonian Test Reference Year (Kalamees and Kurnitski 2006) was used to simulate outdoor climate
conditions.



Primary energy (PE) was used as the indicator for the energy efficiency. The requirements for the
apartment buildings were as follows:

e major renovation: PE < 180 kWh/(m*-a)

¢ new buildings: PE < 150 kWh/(m’a)

e low-energy buildings: PE< 120 kWh/(m* a)

According to the energy source, the use of the primary energy and the environmental impact were
taken into account with the weighting factors:

o district heating 0.9

e clectricity 2.0

2.3 Economic analysis

The global cost (EN 15459, Eq. (1)) calculation was used to assess the cost effectiveness of different
renovation strategies.

C,+ > (C.()R, ()

C,(0)= ()
¢ A/Ioor
where: C,(r)  global incremental cost (€/m?)
C; initial investment cost (€)

C,i(j) annual cost year i for component j (energy cost) (€)
R4(i)  discount factor for year i
Apoor et floor area ( m?)

A period of 20 years was selected because the maximum period for renovation loans for apartment
owners’ associations in Estonia is 20 years. Global cost was calculated at the interest rate 4%. To
show sensitivity to the escalation rate, five escalation rate scenarios were considered: 1% escalation,
3% escalation, 5% escalation, 7% escalation, and 9% escalation. Construction costs (TABLE 3) were
taken from a database of apartment owners’ associations containing reports of their real renovation
costs and from the estimations of construction companies. The energy price levels used were 0.14
€/kWh for electricity and 0.075 €/kWh for district heating (mainly based on gas).

TABLE 3. Construction costs

Scenario Cost, € Cost, €/net m
Major renovation 450 000 128
Low-energy 773 000 220
Low-energy + extensions 1 051 000 278
New building 4742 000 1348

2.4 Environmental analysis

Environmental impact of the five scenarios was analysed via the emission of CO, during the
renovation/construction and 20 years of exploitation. An existing building before the renovation was
chosen as the reference point, which means that CO, emissions of the construction materials used in
1966 and CO, emissions of energy carriers until the major renovation in 2011 were excluded from the
analysis. Embodied energy of the renovation scenario was calculated for the quantity of each material
from CO, emissions of the construction materials based on the literature. Also, thermal energy and
electricity consumption were calculated and multiplied with CO, emissions to produce that energy.



To simplify the analysis, the following aspects were not taken into account:
e transportation
o cnergy and water demand at the building site
e workmanship
o HVAC systems installed into the building and the solar collector at low-energy with an
extensions scenario
small details and fixing (glue mortar, fastening, sealing foam and tapes etc.)
o thin layers (floor covering, rendering, filler, colour)
transmission loss of district heating and electricity from the plant to the building site

It was also assumed that the impact of recycling the materials from a demolished building is
negligible when replacing the existing building with a new one. The reason was that no dangerous
waste (asbestos etc.) originates from the existing building and the majority of the remaining materials
can be reused to a landfill construction site nearby. A minority of materials unsuitable for reuse can be
sorted and handed over to the licenced company of construction waste management.

CO, emissions of the construction materials and the energy carriers used in the analysis are presented
in TABLE 4.

TABLE 4. CO, emissions of the construction materials and the energy carriers (Kurnitski 2011 and
Hegger 2008)

Material CO, emission, Energy carrier CO, emission,
kg/CO, eq/kg t/MWh

Expanded polystyrene 34 District heating 0.278
Stone wool 0.99 (mainly based on gas)
Bitumen polymer sheeting 1.21 Electricity 1.01
Glass 0.66 (mainly based on oil shale)
Precast concrete element 0.182
Steel 0.73
PVC 2.28
Gypsum board 0.39
3. Results

3.1 Energy usage

Delivered energy calculation results showed that the use of the delivered space heating energy can be
decreased from 153 kWh/(m?-a) to 15 kWh/(m?-a) (FIG 2 left). The low-energy renovation scenario
with extensions has a higher space heating energy need (32 kWh/(m?>-a)) than the low-energy scenario
with the current building body shape (19 kWh/(m?-a)) due to decreased compactness and additional
linear thermal bridges. Solar collectors are used for heating DHW to compensate the increased heat
loss through the building envelope. Use of the primary energy in the standard usage is shown in FIG 2
right. Electricity accounts for the largest share of the primary energy consumption in different
renovation scenarios. For further reduction of the primary energy, it is necessary to reduce the
electricity demand. Comparison of the energy use for low-energy renovation and for a new building
shows no substantial differences. Thus, existing buildings can be renovated to meet the same energy-
efficiency levels as new buildings.
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FIG 2. Delivered energy usage (left) and primary energy usage (right) of different renovation
strategies.

3.2 Economic analysis

The global cost was selected to assess the cost effectiveness of renovation strategies (TABLE 5).
Before the renovation stage, the global cost is lower than in other scenarios because the calculations
do not take into account the maintenance costs. If the pre-renovation stage is taken as the reference
point, the escalation should be 9% for the global cost to decrease in the renovation scenarios. The
implemented low-budget major renovation has the lowest global cost values in the renovation
strategies. Low-energy renovation with extensions has ca 15% higher global cost than the low-energy
renovation without additional extensions. Demolishing of an existing building and building a new one
has ca four times higher global cost than the low-energy renovation and the low-energy renovation
with extensions.

TABLE 5. Global incremental cost values

Renovation Global cost, €/net m*

Scenario Escalation 1%  Escalation 3%  Escalation 5%  Escalation 7%  Escalation 9%
Without 218 264 326 410 524
renovation

Major 290 325 370 432 517
renovation

Low-energy 330 353 383 425 481
Low-energy 388 412 443 485 543
(extensions)

New building 1463 1484 1513 1552 1605

3.3 Environmental analysis

Embodied energy of a renovation scenario can be expressed as a sum of CO, emitted from the
production of the construction materials and CO, emitted from the energy production that a building
consumes during the period of 20 years. Results presented in TABLE 6 indicate that the smallest
embodied energy (2924 tons) is achieved by renovating an existing building to the low-energy level,
being also lower than the reference case before renovation. In that case only 51 tons of embodied
energy originate from the materials (1,8% of total); that is close to major renovation but the impact
from energy consumption has decreased notably, especially from electricity. Extensions in the case of
low-energy lead to higher need for materials and energy that ends up with a higher total value because
of deteriorated compactness. Construction of a new building with the same volume has about nine
times higher need of resources for materials; that leads to higher total embodied energy compared to
low-energy renovation, despite of a small energy consumption during exploitation.



TABLE 6. Emission of CO, from the production of construction materials and from energy production

CO, emissions, t

Scenario Materials District heating Electricity Total
Without renovation 0 2891 1717 4608
Major renovation 39 1251 2990 4279
Low-energy 51 812 2060 2924
Low-energy (extensions) 104 895 2283 3282
New building 479 701 2060 3240

Subdivision of material emissions in case of a new building shows that most of the emissions
originates from load-bearing walls, slabs and roofs (all together ca 89% of total). Percentage of
insulation materials constitutes about 8% and windows approximately 3% of total material emissions.

4. Discussion

Our results showed that in terms of energy efficiency, economic viability, and embodied energy, no
direct reasons exist to demolish old concrete element buildings and build new apartment buildings.

Energy performance of existing low-energy and low-energy buildings with extensions is close to that
of a new building; however, the construction cost of a new building is about four times higher. Also,
the environmental impact of a new building as a renovation scenario is the highest (15% of embodied
energy comes from the materials) and the improvement of energy performance during the exploitation
will have no further impact. Our result that demolition and constructing a new building has higher
environmental impact refers in principle to similar conclusions found in previous studies (Ireland
2008 and Yates 2006). They report that equivalent refurbishment can be as “green” as new buildings
but difference is rather small and depends on a case and chosen time period. Since all renovation
scenarios have lower total environmental impact compared by status quo (without renovation), we
have proven the need for renovation of older housing stock from environmental aspect. It should be
noticed that some of the additional factors related to a new building (transportation, HVAC systems,
construction waste management) were excluded in our analysis, in the opposite case, the difference
between renovation vs new building would even have been larger.

Load bearing structures are not a critical issue as the condition of the main load bearing structures
was found to be sufficient (Kalamees 2011). Therefore, the condition and low energy efficiency of old
concrete element buildings are not the reasons to consider their demolition. Tallinn Vision Council
has pointed out that floor planning of these old dwellings is unsuitable for families (Sarv 2013)
because of small-sized bathrooms and kitchens. In addition, in the five-storey buildings, narrow
staircases and absence of elevators restrict movement of families with small children and older
people. Demolition is a plausible solution when some region is intended to be thoroughly renewed. At
higher volumes, the construction costs would be lower and a larger macro-economic impact would be
also an important factor, but here further detailed analysis is required. On a single building level,
renovation is substantially cheaper than building a new dwelling. The number of old concrete element
buildings reveals a potential solution in favor of renovation due to enormous construction capacity.
Power (2008) has stated that even with the highest feasible level of demolition, the existing stock
would remain the dominant energy challenge in the built environment far into the future. Focus
should be on sustainable design from the materials that contain a low amount of energy, on the use of
local materials and the durability of buildings during both renovation and new construction.

5. Conclusions

Main findings of this study reveal that in the current case an existing building can be renovated to
meet the same energy-efficiency levels as a new building and demolition of an existing building and



construction of a new one raises the global cost at least four-fold as compared to renovation. Analyses
of embodied energy via CO, emissions from the materials and the energy production used in a
building during 20 years demonstrate that a new building has higher environmental impact than low-
energy renovation. Therefore, energy efficiency, economic and environmental issues show no support
to the idea of demolition instead of renovation.
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