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Abstract.
While energy prices have increased substantially recently, we also observe that renovation prices

have increased twofold wihtin last decade. This could seriously affect the motivation to invest in building
renovations because of negative yield and in turn jeopardise the carbon reduction plans. Therefore,
we attempt to show some evidence of renovation cost dynamics based on sample of 112 apartment
buildings which received state support for deep energy renovations during 2010 and 2017. We found
that investments started out very cautiously in 2010. Eventually renovations were embraced as rational
investment and renovations ambitions grow with prices. Construction price index grow during the study
period 20 percent and renovations over two times. We could not confirm the popular hypothesis that
demand pressure will also increase prices. However, most significant increase of renovation price was
due to the additional construction works and quality improvement. This was especially evident after
the redesign of grant rules in 2015 which allowed more indirect construction works to be eligible for the
subsidy.
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1. Introduction
As buildings are one of the largest sources of energy
consumption in Europe, deep energy renovation of
buildings is the most feasible method towards decar-
bonised economy. European Commission strategy
“A Renovation Wave for Europe – Greening our build-
ings, creating jobs, improving lives” [1] objective is to
at least double the annual energy renovation rate of
buildings by 2030 and to foster deep energy renova-
tions.

To meet decarbonisation targets all EU member
states have prepared national long-term renovation
strategies. The Estonian renovation strategy [2] aims
to renovate 22 % of the building stock by 2030, 64 %
by 2040, and the rest by 2050. Current goal is to reno-
vate apartment buildings to energy performance level,
which was equivalent to a new building in 2018 which
classifies as near zero energy building’s standard for
renovations. Active renovation promotion, subsidy
programme and other supportive measures have re-
sulted in deep energy renovation of 150 large apart-
ment buildings in average per year. However, the
annual need for renovation is approximately 500 apart-
ment buildings [3], with a total area of 600 000 m2 per
year in order to achieve carbon neutrality targets by
2050.

It is evident that there is an urgent need to speed
up the renovation pace. However, there are several
renovation barriers that hider the renovation adop-
tion [4]. The investment capability is found to be

one limiting factor to achieve deep energy renovation
targets [5, 6]. Investments are evaluated by comparing
costs with benefits. While home improvements are not
usually addressed as investment projects, deep energy
efficiency renovations are so expensive and complex
that the decisions to renovate are always related to
profitability of the costs. Investing in energy efficiency
should be a simple dilemma whether to pay the high
energy bills or service the bank loan for renovations.
However, deep energy renovations usually are not self-
sufficient as construction of proper ventilation system
would increase the investment and operation costs.
Therefore, increasing construction prices could be-
come another substantial barrier which in turn might
have significant influence on achieving wider climate
goals, and securing the wellbeing and safety of the
residents in severely depreciated buildings.

We observe that during the Estonian renovation
grant programme which started in 2010, construction
costs for renovations have been continuously increas-
ing. In 2010 the annual average cost for net area
of deep energy renovation was about 160 €/m2, how-
ever a decade later, in 2020, the average cost rate
has increased to 380 €/m2. This large increase of
2.4 times significantly exceeds the construction price
index for new build which grew 20 % during the same
period. Such phenomenon proposes several difficulties
for adoption of long-term renovation strategy.

On the one hand, growing prices decrease the attrac-
tiveness of energy renovations and render the incentive
measures less efficient. On the other hand, uncer-
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tainty of renovation prices can hinder forecasting of
long-term planning of renovation funds and evaluation
of financial capacity of homeowners who are expected
to invest in energy renovations with increasing rate
within the next three decades.

So far analysts and planners have been operating
with an average value of renovation price in calculating
the forecast of renovation investment and incentives
projections. However, there is little knowledge why
renovation prices can exceed the price growth of the
new build and more importantly whether such trends
will extend to the near or long-term future.

Preconditions for carbon neutral economy require
the supply side of renovations system to cope with
the increasing demand [7]. Therefore, if the renova-
tions costs are increasing due to the greater demand,
regulators need to address such issues explicitly by
focusing on the increasing the capacity of supply side.

Based on the data of Estonian renovation grant
programme the current study aims to explain why
renovation prices have been increasing more than ex-
pected by construction price index for new build. We
also provide discussion in which we address the im-
plications of such price trajectory for planning next
iterations of renovation strategy. Doing so, we focus
on three research questions:

• How typical renovation solutions have changed over
time?

• How technical and quality requirements have af-
fected renovation solutions?

• Why have costs changed within procurement bid-
dings for renovations?

2. Methodology
2.1. Data collection
In the period 2010–2017, 561 apartment buildings In
Estonia were deeply renovated using state renovation
grant mediated by Fund KredEx. Although the aver-
age renovation price continued to increase also after
the year of 2017, we were unable to extend the study
period due to the limited of the data availability. Still,
we can provide meaningful results because we cover
two different grant periods within the 8 years.

First, we examine the overall renovation dynam-
ics using the information provided form KredEx
databases for the entire data. The relationships be-
tween building size, age and construction material are
then analysed.

For more elaborate enquiry we used the sample of
112 projects which is about 20 % of the overall data.
Buildings were chosen randomly, and sample’s repre-
sentativeness was evaluated by the number of apart-
ments, construction time, location, and renovation
cost. Contractors included in sample had renovated
at least seven large apartment buildings within the
study period and were therefore expected to provide
comparable cost information mainly because of their

similar in size, management, and salary system. All
prices include value added tax.

2.2. Analysis methods
To eliminate the effect of general increase of construc-
tion prices and inflation, effect of construction price
index was removed from the observed renovation cost,
normalising all prices to the level of January 2018.

In the sample analysis, used construction solutions
were mapped and three types of work were examined
in more detail. At first, the most common solutions
for additional insulation of facades are compared by
the type of facade, insulation and finishing materials.
Secondly, the reconstruction of the heating system
of different apartment buildings is compared by the
depth of construction works. Thirdly, the most com-
mon solutions for the construction of a mechanical
ventilation system are identified and costs are com-
pared. The cost per net area was compared for all
three work types to identify how technological changes
have affected the renovation cost.

Second part of the study seeks to determine to what
extent the grant requirements changes have impacted
the renovation cost. This approach is based on the
regulation analysis which describes the work financed
by the grant. The cost of observed components is
deducted from the cost of the closed net area of the
renovation and the extent to which the impact on
the cost of the renovation has been directly added is
assessed.

Third part of this study examines the energy effi-
ciency ambitions of apartment association. The in-
formation about pre-construction 3-year period aver-
age energy consumption was collected and compared
with after-renovation 3-year period average energy
consumption. Accomplished energy savings were com-
pared with renovation cost, to recognize possible rela-
tions.

3. Results
3.1. The dynamics of apartment buildings

renovation costs
The average annual cost of deep renovations, in
the period 2010–2018, have increased from the level
of 160 €/m2 to 330 €/m2 (approx. 2 times). Fig-
ure 1 shows the average annual deep renovation cost.
Largest price increase is in the middle of the period
of the two grant measures, in the transition from one
period into another. Since the conditions for the pay-
ment of support changed then, this work supports the
hypothesis that the change in the support regulation
is a major factor influencing renovation cost.

We found three cost-influencing aspects. First, con-
struction cost is higher for smaller buildings. Manage-
ment costs and the cost of mechanisms, scaffolding
etc. play a bigger role in smaller construction projects,
resulting in higher cost per net area. Secondly, old
wooden buildings are more expensive to renovate than
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Figure 1. Renovation costs in 2010–2018.

Figure 2. Common facade reconstruction technologies.

prefabricated concrete buildings. It is most advanta-
geous to renovate a prefabricated house (better de-
veloped standard solutions and less effort is needed
to strengthen the load-bearing structures). Wooden
buildings are usually located in historically valuable
areas and therefore require more personal approach.
Thirdly, renovation of older buildings has higher costs
and price variability is also higher. Both can be related
to the performance of previous reconstruction works
(some of the renovation works have already been done
before). The result is also affected by the fact that
among older buildings there are primarily wooden
apartment buildings, as the construction of reinforced
concrete large-panel buildings started a maximum of
60 years ago. And, as described in previous analysis,
renovating wooden houses is more expensive.

3.2. Detailed analysis of mandatory
renovation works

The increase in the unit price of additional facade
insulation is influenced using increasingly common

ventilated facade solutions, which are twice as expen-
sive as plastered systems (average prices 60 €/m2 and
100 €/m2, respectively). The technology of plaster
facades has changed. In addition to mineral plaster,
silicone plaster is more often used, and wool insulation
is used more often in facades than before, which is
1.4 times more expensive than expanded polystyrene
insulation (Figure 2). It can be stated as a positive
sign of increased awareness of residents and in the
know-how of specialists that decisions are not only
cost-driven, but technological aspects are also calcu-
lated.

The average cost of mechanical ventilation systems
has increased from 32 to 43 €/m2 in second renovation
period (Figure 3). This due to the reason that natural
ventilation systems and room-based ventilation solu-
tions were banned as such systems do not offer proper
ventilation and indoor climate. The construction of
a mechanical ventilation system accounts for about
5 % of the price increase of renovation. In addition,
the construction of the ventilation system involves
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Figure 3. Common mechanical ventilation solutions.

Figure 4. Cost of added renovation works during second grant scheme period.

additional works that were not previously performed
or were performed less invasively (primarily interior
finishing).

The cost of building an apartment-based 2-pipe
heating system largely depends on the condition of
the existing system and the renovation work carried
out previously. Price variability is high, as the scope
of work can be very different. The statistical t-test
resulted in p value of 0.178, which indicates that there
is a small probability of a statistically significant dif-
ference between prices in the total population, but
this did not emerge due to high price variability when
examining the sample. The more comprehensively
the heating system needs to be renovated, the more
expensive is the construction cost of this solution.

3.3. Mapping of added renovation works
Figure 4 describes which components the price in-
crease consists of and how large the effect of these
components have on the cumulative price increase.

The exponential regression line well describes the sig-
nificant increase in water supply and sewerage prices
(R2 = 0.37), slightly less, but also the prices of interior
finishing works have increased exponentially. Added
to that, the significant price increase comes from the
addition of projects that have decided to reconstruct
electricity systems in public areas. In other words
an increase in the integrity of the works results in
higher construction prices.

To summarize the share of the above-mentioned
works in the price increase of renovation, in the first
period the works related to interior finishing averaged
1 €/net area, in the second period already 8.3 €/m2

(growth of 830 %, share in the total renovation cost
2.3 %). Water and sewerage work cost raised form
1.6 €/m2 in the first period to 15.3 €/m2 in the second
period (growth of 956 %, share in the total renovation
cost 4.4 %). High-current works costs surged form
2.5 €/m2 to 4.5 €/m2 (growth 180 %, share in the
total renovation cost 1.7 %).
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3.4. Energy ambitions
The energy savings found based on the weighted spe-
cific energy use of residential buildings in the sec-
ond period range from 15-55 % and the correlation
(r = 0.0302) shows that there is only a minor positive
relationship between construction costs and energy
savings.

There is also some increase in the energy efficiency
ambition within the second period, but it is so small
that it can be statistically random. On average, reno-
vation works achieve energy savings of 38 %. Which is
below the 50 % energy savings stated in the long-term
renovation strategy[2]. We could not confirm that
based on actual post-renovation energy uses such high
energy savings were achieved on average.

4. Discussion and conclusions
The starting point of the search was the observation
that renovation prices have increased 100 percent be-
tween 2010 and 2018 while construction price index
for new build only grow 14 percent during that time.
Therefore, it was evident that there are specific rea-
sons for renovation prices to grow.

For understanding the causes for price change, we
observed a sample (n = 112) of renovations that were
supported by state renovation grant (n = 561) and
were therefore carefully documented by grant man-
ager. While the price information was obtained from
procurement bidding documents, technical renovation
solutions were gathered by analysing project designs
of the sample buildings.

We observed that housing associations were quite
modest at investment size during the beginning of the
grant programme. Therefore, those constructions were
significantly cheaper than renovations in later stages.
Energy conservation ambitions also were mediocre
and contractors lacked sufficient experience to deliver
deep energy renovations. We must also note that en-
terprises that started to offer the renovation services
were mostly newly established while experienced new
builders were cautious about entering the renovation
market. Gradually the deep energy renovations estab-
lished itself as rational and working concept and more
ambitious energy saving decisions were made. This,
however, increased the project prices.

To run for state grant, one had to comply with
the technical and quality requirements that were es-
tablished for achieving energy efficiency targets. We
observed that the changes in grant requirements in
2015 added several eligible construction tasks and
allowed additional indirect energy saving works to
benefit from the grant programme. More importantly,
the highest ambitions in efficacy were rewarded with
even higher share of subsidy, mainly to boost inte-
grated renovations. This in turn resulted with the
adoption of more expensive solutions and additional
works pushed the average prices around 40 % higher
compared to the previous stage in 2010–2014.

At the beginning of the study, there was specula-
tions that renovation grants could over-stimulate the
market and induce price rally because of the signifi-
cant increase of supply. While this is quite valid and
obvious notion, however, we could not establish such
cause in our case, because price growth was mostly
explained by additional works and unit prices of sepa-
rate elements did not show significant price increase
during the study period. Informal interviews further-
more demonstrated how supply chains shift profit from
general contractor to subcontractors in hot market
conditions where there is pressure from demand side
for additional construction volume.

The latest average prices in 2020 for deep energy
renovations are about 380 €/m2. The performance
and quality that is available for this price is signifi-
cantly better than the renovations a decade ago and
fulfilling the renovation ambitions for colder climates
like Eastern Europe and Scandinavia.

In terms of planning state funds and estimating
overall renovation investment need, there are still
some studies necessary. For example, we observe
trends form onsite renovations to prefabricated ele-
ments. However, currently such methods are more ex-
pensive than traditional fully onsite renovation. Some
latest pilots in Estonia indicate for about 500 €/m2

for prefabrication. It is expected as larger volumes
and automation could eventually lower the costs but
this is yet to be observed. This, however, calls for
new inquiries for understanding the price impact of
emerging renovation technologies.

On the other hand, we see some examples of am-
bitious pilot project to test the limits of current
renovation technology. Renovation prices in innova-
tion projects of SmartenCity [8] and MoreConnect [9]
reached almost 800 €/m2. If there is a trend to move
towards such projects, renovation prices will most cer-
tainly exceed the level of growth of the new build
again.

As the planning of renovation strategy is influenced
by renovation costs, we suggest analyst and planners
to have a deeper look into the causes of price change
in their region. By understanding the price change,
one reduces the uncertainty in planning for carbon
neutrality.
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