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Energy demand in the building sector represents a
big challenge for Montenegro. In 2013, the sector
was responsible for 23 percent of national final
energy consumption and 37 percent of national elec-
tricity consumption. The quality of energy services
delivered to residential buildings is poor. Most
notably, only half of the dwelling floor area is heated
in Montenegrin dwellings. The continued use of out-
dated wood stoves results in numerous environ-
mental and health problems.

Montenegro is a contracting party to the Energy Com-
munity Treaty and is thus obliged to introduce EU
energy efficiency legislation. Achieving the related tar-
gets requires more ambitious policy efforts and larger
investments into demand-side energy efficiency than
are being made at present.

The aim of the present publication is to provide infor-
mation that will assist in the design of energy effi-
ciency and climate mitigation policies for the
residential building sector in Montenegro. We have
identified 15 representative categories of residential
buildings, calculated their thermal energy perform-
ance in three climate zones, designed standardised
retrofitting packages, calculated possible energy sav-
ings, and defined the investments required by build-
ing type. We have identified the level and structure of
final energy consumption at present and in the future
by building age category, building type, climate zone
and energy end use. We suggest two packages of poli-
cies in addition to the existing policies, which are
aimed at transforming the residential building stock
to zero-energy and zero-carbon levels in 2050 and
2070. We estimate the level of efforts required to
achieve these goals in terms of the floor area affected
and the investments required by actor and by policy
tool. Finally, we evaluate energy savings, saved energy
costs, avoided CO, emissions, and the cost-effective-
ness of the policy packages.

In order to carry out the analysis at sector level, we
designed and applied a bottom-up simulation
model. The model is applicable up to 2030. We as-
sessed only thermal energy services delivered to res-
idential buildings — namely space heating, space
cooling and water heating. We did not cover energy
use for electrical appliances, lighting and cooking.
We considered both direct and indirect CO, emis-
sions in our analysis.

The model itself, with all the underlying input data,
has been provided to national policy makers and
experts to use and modify according to their needs.

It is also available on request for use by other
experts, subject to appropriate referencing and
acknowledgement.

WHAT ARE THE CURRENT LEVELS AND FUTURE TRENDS
OF FINAL ENERGY CONSUMPTION AND CO, EMISSIONS
IN THE RESIDENTIAL BUILDING SECTOR?

According to our estimates, in 2015 final energy con-
sumption in the residential sector for thermal energy
services was 2.6 billion kWh, of which 24 percent was
electricity and 76 percent was wood. The sector emit-
ted 365,000 tonnes of CO, associated with electricity
consumption. Final energy consumption, calculated
on the basis of the geometrical and thermal charac-
teristics of buildings as well as the characteristics of
the energy systems installed, differed significantly
from the estimated energy balance. Final energy con-
sumption was therefore calibrated to the balance,
correcting for the current level of thermal comfort —
namely, partial floor area heated and cooled and the
duration of space heating and cooling.

In the business-as-usual reference scenario, final en-
ergy consumption for thermal services will grow by
around 2 percent between 2015 and 2030, when it
will reach 2.7 billion kWh. In 2030, CO, emissions will
be 60 percent of their 2015 level, due to the decreas-
ing emission factor of electricity. There will be no sig-
nificant changes in the structure of consumed energy
sources. Energy demand in existing buildings is
expected to decline, despite the increase in thermal
comfort due to business-as-usual improvements,
which take place once during the building lifetime.
The average business-as-usual retrofitting rate of the
building stock is 1.82 percent per year.

WHAT ARE THE PRIORITY SECTOR SEGMENTS FOR
POLICY MAKING?

From a long-term perspective, it is important to en-
sure that buildings built between 1971 and 1990 are
retrofitted. While these buildings will occupy 32 per-
cent of the building floor area in 2030, they contribute
40 percent to the total final energy consumption and
are therefore a clear priority for policy intervention.

New buildings will consume 10 percent of the final
energy consumption in 2030, even though their floor
area represents 19 percent of the total sector floor
area. This estimate is made assuming that new
buildings comply with the building code introduced
in 2013, which is why policies that ensure the com-
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pliance of new buildings with the building code are
also important.

Small buildings are a clear priority for policy making,
since, in 2030, small buildings will be responsible for
83 percent of final energy consumption for thermal
energy uses. Small buildings built in 1971-1990,
2001-2015, 1946-1970 and 1991-2000 are individu-
ally responsible for more than 10 percent of final
energy consumption by that time.

In 2030, half the final energy consumption will origi-
nate from climate zone 1 (coastline), followed by cli-
mate zone 3 (mountains) and climate zone 2
(moderate zone). More than 80 percent of final en-
ergy consumption for thermal energy services will be
attributed to space heating.

WHAT POLICY PACKAGES ARE POSSIBLE?

The SLED moderate scenario implies that, by 2070,
the performance of all new and existing buildings
will correspond to the performance after standard
improvement 1, as defined in the present publica-
tion. The measures in standard improvement 1 com-
ply with the requirements of the building code
introduced in 2013. This improvement implies not
only lower energy consumption, but also greater
thermal comfort than is considered in the business-
as-usual improvement.

To ensure that all existing buildings that remain in
2070 are retrofitted by this point we assume that
Montenegro will introduce financial incentives for in-
vestors in the residential sector. These include the in-
troduction of low-interest loans for 90 percent of
households in detached and semi-detached houses
and the introduction of grants for the remaining
10 percent of such households. They also include the
introduction of loans for 10 percent of the currently
retrofitted households in row (terraced) and multi-
residential apartment buildings, and this share is as-
sumed to have grown by 90 percent by 2070. The
remaining households in row and multi-residential
apartment buildings are assumed to obtain grants.

Due to high upfront investment costs, we recommend
coupling the thermal efficiency improvement of exist-
ing buildings with their business-as-usual renovation
where possible, in order to take advantage of costs
that are anyway incurred. The retrofitting rate in the
SLED moderate scenario is the same as in the refer-
ence scenario, which allows the maximum use of the
business-as-usual investments. We assume that

financial incentives will be provided to cover the share
of eligible investment costs in better buildings, which
is approximately equal to the share of the incremen-
tal investment costs in improvement 1 as compared
to the business-as-usual improvement.

The SLED ambitious scenario supposes that by 2050
the performance of the majority of new and existing
buildings will correspond to their performance follow-
ing the ambitious improvement 2 defined in the pres-
ent book. Improvement 2 implies even higher thermal
comfort than improvement 1.

According to the scenario, in addition to the 2013
building code, Montenegro would introduce a more
stringent building code in 2022 with requirements no
lower than those of the measures of improvement 2.
In order to prepare the market, Montenegro would in-
troduce, from 2016, low-interest loans for the con-
struction of new buildings that achieve a performance
corresponding to the new building code. Similar to
the SLED moderate scenario, the SLED ambitious sce-
nario assumes the retrofitting, by 2050, of all existing
buildings remaining by this time. Retrofitting would
be carried out according to improvement 1 until 2022,
and according to improvement 2 from 2023 to 2050.

To ensure the implementation of this retrofitting,
Montenegro is assumed to introduce financial incen-
tives for investors in the residential sector. Up to
2022, these financial incentives would be provided in
order to achieve a level of performance according to
improvement 1. After 2023 and up to 2050, the incen-
tives would be provided in order to achieve a level of
performance according to improvement 2.

The retrofitting rate in the SLED ambitious scenario is
higher than the retrofitting rate in the reference sce-
nario, which is why the incremental costs of the SLED
ambitious scenario include the incremental investment
costs of thermal efficiency retrofitting for a part of the
retrofitted building stock, and the total investment
costs of thermal efficiency retrofitting for the rest of the
retrofitted building stock. The structure of the financial
incentives and the definition of eligible costs are the
same in the SLED moderate and ambitious scenarios.

HOW BIG ARE THE ASSOCIATED FINAL ENERGY SAVINGS
AND CO, EMISSIONS REDUCTIONS?

According to the SLED moderate scenario, final en-
ergy consumption for thermal energy services will de-
crease to 2.3 billion kWh, or 15 percent lower than its
business-as-usual level, in 2030. The associated CO,
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emissions would be 23 percent lower than their
business-as-usual level. The scenario would lead to a
14 percent reduction in the business-as-usual wood
consumption and a 19 percent reduction in the busi-
ness-as-usual electricity consumption. Almost 72 per-
cent of final energy savings will originate from small
buildings located in climate zones 1 and 3, which were
built in 1946-2015 and which are still remaining in
2070. The biggest energy savings would be associated
with space heating.

According to the SLED ambitious scenario, final
energy consumption for thermal energy services will
decrease to 2.1 billion kWh, or 23 percent lower than
its business-as-usual level, in 2030. The associated
CO, emissions would be 46 percent lower than their
business-as-usual level in 2030. The scenario would
allow a 23 percent reduction in the business-as-usual
wood consumption, and a 46 percent reduction in the
business-as-usual electricity consumption. Almost
60 percent of the final energy savings would originate
from small buildings located in climate zones 1 and 3,
which were built in 1971-2015 and which are still re-
maining in 2050. The biggest energy savings would be
associated with space heating.

HOW MUCH MIGHT SUCH EFFORTS COST THE
GOVERNMENT AND OTHER ACTORS?

In the SLED moderate scenario, 314,000 m?, or
1.6 percent, of the total building floor area is retrofit-
ted per year in 2015-2030. This transformation
requires significant investments, which should be
distributed among different actors.

The total investment costs are EUR 692 million in
2015-2030, or EUR 46 million per year. The largest in-
vestments are required in buildings constructed in
1971-1990 and 2001-2015 (if building categories are
analysed by decade). When the costs of the reference
scenario are deducted from the costs of the SLED
moderate scenario, the incremental costs of the SLED
moderate scenario are EUR 285 million over
2015-2030, or EUR 19 million per year.

Assuming a discount rate of 4 percent, the annualised
incremental costs of the SLED moderate scenario in
2015-2030 are EUR 1.9/m?. Saved energy costs are
EUR 3.6 per m? of new or retrofitted floor area on av-
erage over this period. This means that the invest-
ments in the SLED moderate scenario are profitable.
Itis important to note that the saved energy costs are
higher than the annualised investment costs for the
scenario as a whole at country level, but not for all

building categories. For a few building categories,
saved energy costs are lower than the annualised in-
cremental investment costs, thus for them the incre-
mental investments do not pay back. Raising the
discount rate higher than 10 percent would make the
SLED moderate scenario unattractive if only the saved
energy costs are counted as scenario benefits.
The analysis is carried out assuming a likely increase
in energy prices.

The eligible investments in building retrofits that
investors would have to borrow are EUR 183 million
over 2015-2030, or EUR 12 million per year. Assum-
ing a market loan interest rate of 10 percent, a sub-
sidised interest rate of 0 percent, and a loan term of
10 years, the government would provide EUR 84 mil-
lion to commercial banks as compensation for low-
ering the interest rate. Grants would cost the
government EUR 89 million over 2015-2030, or
EUR 6 million per year.

In the SLED ambitious scenario, 425,000 m?, or 2.4 per-
cent of the total building floor area, are retrofitted per
year in 2015-2030. In addition, all new floor area —
that is, 250,000 m? per year — is included in the
scenario. The total investment costs are EUR 1.2 mil-
lion over 2015-2030 or EUR 80 million per year. The
incremental investment costs of the SLED ambitious
scenario for building retrofits are EUR 796 million over
2015-2030, or EUR 53 million per year. The incremen-
tal investment costs of the SLED ambitious scenario
into new, more efficient buildings are EUR 230 million
in 2015-2030, or EUR 15 million per year.

Assuming the same discount rate, the annualised in-
cremental costs of the SLED ambitious scenario over
2015-2030 are EUR 5.4/m2. Saved energy costs are
EUR 5.5/m? of new or retrofitted floor area over this
period. This means that investments into the SLED
ambitious scenario will pay back, although raising the
discount rate higher would make them unattractive
if only the saved energy costs are counted as
scenario benefits. Similar to the SLED moderate
scenario, the saved energy costs are higher than the
annualised investment costs for the SLED ambitious
scenario as a whole at country level, but not for all
building categories.

The eligible investments in building retrofitting that
investors would need to borrow are EUR 481 million
over 2015-2030, or EUR 30 million per year. Eligible
investments in more efficient construction that would
need to be borrowed are EUR 97 million over
2016-2022, or EUR 6.5 million per year. Given the

THE TYPOLOGY OF THE RESIDENTIAL BUILDING STOCK OF MONTENEGRO AND MODELLING ITS LOW-CARBON TRANSFORMATION

13




14

same assumptions as in the SLED moderate scenario,
the government would provide to commercial banks
EUR 204 million as compensation for lowering the
interest rate for building retrofitting, and EUR 64 mil-
lion for lowering the interest rate for building con-
struction. Grants would cost the government
EUR 179 million over 2015-2030, or EUR 11 million
per year. In addition, investors would bear
EUR 56 million in incremental investment costs per
year as compared to the business-as-usual practice
in order to comply with the building code to be
adopted in 2022.
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Background

Following a steep decline in the 1990s, Montenegro
experienced economic growth reaching 10.9 percent
per year in 2007 (World Bank online). In the years fol-
lowing the global financial crisis, the economy went
into recession. In order to recover and maintain high
rates of economic growth, on the one hand Montene-
gro needs access to a long-term, secure, affordable
and sustainable energy supply. On the other hand,
the country needs to use its domestic energy re-
sources, or purchased energy, in the most efficient
and rational way.

Energy demand in the residential building sector rep-
resents a particular challenge. In 2010, the sector’s
final energy consumption was 23 percent of the na-
tional total (Ministry of Economy 2013b). Furthermore,
the sector consumed around 37 percent of the elec-
tricity available for final consumption (ibid.). The qual-
ity of energy services delivered to residential buildings
is far lower than is usual in the EU. Most notably, Mon-
tenegrin dwellings are heated partially only for a few
hours a day. The continued use of outdated wood
stoves results in high levels of indoor air pollution and
therefore high rates of respiratory disease (Legro,
Novikova and Olshanskaya 2014). Cutting down Mon-
tenegrin forests for household energy services leads
to numerous environmental problems such as defor-
estation, biodiversity loss, air pollution and soil degra-
dation (ibid). If no new forests are planted, there is no
compensation for the greenhouse gas emissions
released when burning this biomass.

Montenegro is a contracting party to the Energy Com-
munity Treaty and is thus obliged to introduce EU en-
ergy efficiency legislation. As of April 2015, the
country had transposed the following EU energy effi-
ciency directives into its national legislation: Directive
2006/32/EC on Energy End-Use Efficiency and Energy
Services (ESD); Directive 2002/91/EC on the Energy
Performance of Buildings (EPBD) and its recast
2010/31/EU; Directive 2012/27/EU, the Energy Effi-
ciency Directive (EED); as well as Directive 92/75/EEC
on the Labelling of Household Appliances. Many by-
laws of the listed directives, as well as the Labelling
Directive (2010/30/EU), have still to be adopted. In ac-
cordance with the ESD, the country has to meet an
energy-saving target equal to 9 percent of total en-
ergy sales in 2018 as compared to 2010. Achieving
this target requires more ambitious policy efforts and
larger investments in demand-side energy efficiency
than are being made at present.

Alignment with EU energy efficiency legislation sup-
ports the measures required under the United Na-
tions Framework Convention on Climate Change
(UNFCCC). Examples include nationally appropriate
mitigation actions (NAMAs), where developing
countries are invited to contribute voluntary ac-
tions that help create low-carbon development
strategies with the aim of promoting mitigation ef-
forts; and intended nationally determined contribu-
tions (INDCs). Such measures require the
introduction of a wide range of energy efficiency
and low-carbon policies.

Even though there are many opportunities for en-
ergy efficiency improvement in the residential build-
ing sector, the policy mix in Montenegro to address
these opportunities could be significantly improved.
Designing an intelligent policy package is not easy,
however, because energy efficiency potential is
spread among different types of buildings and frag-
mented among end users. There is a lack of under-
standing of how to structure the building sector for
policy making, how much potential there is for en-
ergy saving and CO, emissions reductions, where
this potential is located, and how much it would cost
to realise.

Aims and structure
of the present publication

This book aims to address the gap in knowledge out-
lined above and to provide the necessary information
to assist the evidence-based design of energy effi-
ciency and climate mitigation policies in Montenegro
targeting the residential building sector.

The book comprises two parts. In the first part, the
following questions are addressed:

e How can existing residential buildings in Montene-
gro be classified according to their age and type?
What are the representative building types in the
Montenegrin residential building stock? How
many buildings are there, and how many
dwellings are there in those buildings, according
to such a building typology?

e What are the energy demand, the delivered en-
ergy by energy source, primary energy consump-
tion and CO, emissions in relation to space
heating, water heating and space cooling for each
representative building type?

THE TYPOLOGY OF THE RESIDENTIAL BUILDING STOCK OF MONTENEGRO AND MODELLING ITS LOW-CARBON TRANSFORMATION



What are the possible retrofitting options and
packages of options by representative building
type? What are the investment costs per retro-
fitting measure and per building by representative
building type?

The second part addresses the following questions:
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What are the future trends in energy consumption
and CO, emissions in the residential building sec-
tor in Montenegro? What are the key influencing
factors? What are the priority sector segments for
policy making?

What policy packages are possible, and what level
of policy efforts are required in order to make res-
idential buildings low energy and low carbon in
the medium- and long-term future? How big are
the associated energy savings and CO, emissions
reductions? How much might such efforts cost the
government and other actors?
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THE TYPOLOGY OF RESIDENTIAL BUILDINGS,
POSSIBLE RETROFITTING PACKAGES
AND ASSOCIATED INVESTMENT COSTS



1. Building typology of existing buildings



The building typology was created with the help of
Montenegrin experts, based on the latest (2011) census
data. We used openly available data from the statistical
office Monstat. In our work we also used the prelimi-
nary results of Milica Jovanovi¢ Popovi¢, Dusan Ignja-
tovi¢ and their colleagues on the building typology in
Serbia, described in Jovanovi¢ Popovi¢ et al. (2013).

The definition of building types is based on the building
type matrix for Serbia (Jovanovi¢ Popovi¢ et al. 2013).
After analysing the Serbian matrix, Montenegrin ex-
perts recommended adapting the Serbian building
types because of the many similar elements originat-
ing from the countries’ common construction history.
Regarding building structures and geometry, the Ser-
bian matrix could be adopted in its entirety, although
it was simplified by omitting and merging some build-
ing types. However, different building service systems
and climatic conditions had to be incorporated into the
typology assessment. One main difference between
the two countries is that in Serbia, unlike Montenegro,
gas and district heating are widely used. In Montene-
gro, electricity and wood are the most typical energy
sources used for heating and hot water production.

As the census was not designed specifically to obtain
data for an energy-related evaluation of the building
stock, some data were not available at the required
level of detail. Estimations were necessary in order to
extrapolate data to the existing building stock.

We established 15 categories in the building typology
based on the following considerations:

e Building type. The statistics distinguish between
detached houses, semi-detached houses, row
(terraced) houses and apartment buildings.

e Construction period. Buildings are classified into
five construction periods: buildings constructed
before 1945; between 1946 and 1970; between
1971 and 1990; between 1991 and 2000; and be-
tween 2001 and 2011.

e Building size. Data were available for the number
of dwellings in the building: one or two dwellings;
three to nine dwellings; and five or more dwellings.

Further aspects were also analysed, but as statistical
data were not available per building type, these as-
pects were not incorporated directly into the matrix:

e Climate zone. All data were given at national level
and for each prefecture.

e Construction material. Limited data were avail-
able.

e Heating system and energy source. National data
were available.

The building typology for Montenegro is shown in
Table 1.

Statistical data on the building stock

The total number of residential buildings in Montene-
gro was 171,676 according to the 2011 census for a
population of 620,029 (64 percent of the population
live in urban areas and 36 percentin rural areas). The
number of dwellings was 315,670, of which only
188,376 were inhabited.

We classified the building stock into 15 building types.
Figures 1 and 2 show the number of buildings and the
number of dwellings in each building type. Detached
and other houses with up to two flats, built between
1971 and 1990 (type A3), represent the biggest group
with 60,667 buildings. Besides the dominance of
small buildings, large apartment buildings (with 10 or
more dwellings) built in 1971-1990 and after 2000 are
also significant in terms of the number of dwellings.

Figure 1 also shows the number of residential build-
ings with an unknown construction date. Used and
unused buildings are not separated in the figure,
because such statistics are not available on the basis
of building type. Only estimations are possible.

RESIDENTIAL BUILDINGS BY BUILDING TYPE

Detached houses represent the highest share in the
building stock, with 83.7 percent of all buildings. Al-
though apartment buildings represent only 3.7 per-
cent of the stock, these multi-storey buildings contain
a large number of dwellings, representing about 35
percent of all dwellings. Semi-detached houses have
a share of 9.4 percent, while row (terraced) houses
are less significant (Figures 3 and 4).

RESIDENTIAL BUILDINGS BY CONSTRUCTION PERIOD

Only 6 percent of the existing building stock was built
before 1945 (Figures 5 and 6). Between 1971 and
1990, there was an upswing in the construction sec-
tor. Large multi-family apartment buildings in partic-
ular were constructed using prefabrication
technology. This period saw the construction of
38 percent of buildings and 38 percent of dwellings
(Figure 7). In the 1990s we can observe a decline in
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Table 1 Montenegrin residential building typology (Jovanovi¢ Popovi¢ et al. 2013)

Single-family houses Multi-family housing Multi-family housing
A B (o
1. Family house
2 Wit two dweoltlhnegrs) (one above the 4. With three to nine dwellings 5. With 10 or more dwellings

3. Semi-detached house
1 1919-1945
2 1946-1970
3 1971-1990
) 1991-2000
S| 2001-20m
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Figure 1 Number of residential buildings and dwellings by building type and construction period (Monstat 2011)
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Figure 2 Number of residential buildings and dwellings by building type (Monstat 2011)
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Figure 3 Share of residential buildings by building type (Monstat 2011)
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the construction sector, with an increase after 2001,
particularly in multi-apartment buildings. In the case
of 6 percent of the building stock, the construction pe-
riod is not known.

SMALL BUILDINGS (ONE OR TWO DWELLINGS)

Most houses with one or two dwellings were con-
structed after 1945, with a peak between 1971 and
1990 when about 38 percent of existing detached
houses were constructed (Figures 8 and 9). After this
period the construction rate decreased slightly
(26 percent of these houses were built after 1990).

MEDIUM-SIZED BUILDINGS (THREE TO NINE DWELLINGS)

The construction rate of medium-sized buildings is
more balanced. The most intensive periods were
1971-1990 and 2001-2011 (Figures 10 and 11).

LARGE APARTMENT BUILDINGS (10 OR MORE DWELLINGS)

Only 2 percent of apartment buildings were constructed
before 1945. The boom started after 1960, when a large
number of prefabricated buildings were constructed in
the communist era. The construction of apartment
buildings slowed down after 1990, but the 2001-2011
period was the most productive (Figures 12 and 13).

Non-inhabited buildings and dwellings

There are no statistical data about the number of in-
habited buildings, only about dwellings.

The high number of non-inhabited dwellings is re-
markable. There are 58,978 dwellings that are vacant
(temporarily vacant or non-inhabited), although the
figure is even higher (120,838) if dwellings for sea-
sonal use (61,860) are also included. Vacant or sea-
sonally used dwellings accounted for 38.4 percent of
dwellings in 2011 (Figure 14).

Itis likely that many of the non-inhabited dwellings are
located in partly inhabited buildings. However, this fact
could not be taken into account in our calculations,
where the share of non-inhabited buildings was con-
sidered equal to the share of non-inhabited dwellings.
This approximation is certainly not accurate, although
in terms of energy consumption no better assumption
can be established based on the available data.

Climate zones

Montenegro is divided into three climate zones: zone
1 is the mildest, and the corresponding area is lo-
cated along the coast; zone 2 is the moderate zone;

Figure 5 Number of residential buildings by construction period (Monstat 2011)
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Figure 6 Share of residential buildings by construction period (Monstat 2011)
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Figure 7 Share of dwellings in residential buildings by construction period (Monstat 2011)
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Figure 8 Number of small houses (one or two dwellings) by construction period (Monstat 2011)
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Figure 9 Share of small houses (one or two dwellings) by construction period (Monstat 2011)
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Figure 10 Number of medium-sized buildings (three to nine dwellings) and dwellings in these buildings

by construction period (dwellings estimated only) (Monstat 2011)
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Figure 11 Share of medium-sized buildings (three to nine dwellings) by construction period (Monstat 2011)
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Figure 12 Number of large apartment buildings and dwellings in these buildings by construction period (Monstat 2011)
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Figure 13 Share of large apartment buildings by construction period (Monstat 2011)

before 1945

unknown

2001-11
31%

1991-2000
15%

THE TYPOLOGY OF THE RESIDENTIAL BUILDING STOCK OF MONTENEGRO AND MODELLING ITS LOW-CARBON TRANSFORMATION 29




30

Figure 14 Share of dwellings by occupancy (Monstat 2011)
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and zone 3 is the coldest, in the mountainous area
(Figure 15).

There are no statistical data about the number of
buildings per climate zone, only about the number of
dwellings. However, there are statistics about the oc-
cupancy level per climate zone. About two-thirds of
dwellings are located in climate zone 1, and about a
quarter of dwellings are located in climate zone 3. The
fewest buildings, about 11 percent of the stock, are
located in climate zone 2 (Figure 16).

Trends

The total number of residential buildings in Montene-
gro was 171,676 according to the 2011 census, for a
population of 620,029 (64 percent of the population
live in urban areas and 36 percentin rural areas). The
share of the urban population in Montenegro is con-
tinuously increasing (from 58.54 percent in 2000 to
63.83 percent in 2014).

Between 4,000 and 5,000 new dwellings are built each
year, the majority (70 to 80 percent) being detached
houses (see Figure 17). The average floor area of a
dwelling was 65 m? in multi-residential buildings and
74 m? in private houses in the period 2008-2013
(Figures 18 and 19).

Demolition rates are low. Between 2011 and 2013
only 13 to 20 buildings were demolished annually
(Figure 20). The low number can be explained by the
costs of demolition: it is easier to abandon a building
than demolish it. Most of the buildings were demol-
ished to make way for new constructions.
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Figure 15 Share of dwellings by climate zone (Monstat 2011)
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Figure 16 Number of dwellings by climate zone and occupancy (Monstat 2011)
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Figure 17 New constructions: Number of finished dwellings (Monstat 2012)
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Figure 18 New constructions: Total floor area of finished dwellings (1,000 m?/year) (Monstat 2012)
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Figure 19 New constructions: Average floor area of finished dwellings (m?) (Monstat 2012)
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Figure 20 Demolished buildings: Number (per year) and total floor area of demolished buildings (m?/year)
(Monstat 2012)
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Further statistical data on building types

In order to adjust the building type model, specific sta-
tistical data were filtered on the basis of building type.
To determine the main characteristics of the model|,
such building data were analysed as the size of the
building, the number of rooms, the number of inhab-
itants, the typically used energy sources, the type of
heating and the use of air conditioners. The
results are based on the 2011 census data. These data
were available only at a limited level — the only ques-

Theoretically, it is possible to classify the building
types into further subgroups, taking into account the
different characteristics described in the table. For
instance, building type A1 is mostly heated by solid
fuel, although electricity is also significant. Most of
these buildings have no air-conditioning system, al-
though many of them have cooling. However, taking
into account all the frequent options in all variations,
the number of subtypes would significantly increase,
leading to a very complex model that would be diffi-
cult to handle. The number of variations was there-

tion related to heating, for example, was whether or
not there was central heating. No data were available
about the type of heating system. The processed
statistical data are presented in Tables 2 to 4.

fore limited as far as possible.

Table 2 Statistical data per building type: Small buildings (one or two dwellings) (Monstat 2011)

1919-1945 1946-1970 1971-1990 1991-2000 2001-2011

A1 A2 A3 A4 A5

per per per per per per per per per per
building ~ flat  building flat  building flat  building flat  building flat

Total number 32,547 60,667 | 74705 | 20212 | 24,025 | 22,029 | 26938
Number of dwellings/buildings 1.2 - 12 - 1.2 - 12 - 12

Average year of construction 1925 1961 1981 1996 2006
Piped water installed 8,064" 9468 | 24295 | 29963 | 55133 | 68300 | 18718 | 22351 | 20562 | 25254
Number of rooms 3.0 2.7 4.0 3.0 83.0 33 4.0 35 4 33
Average floor area 72 63 79 66 97~ 78" 101 82 100 85
With central heating 294 327 1,485 1,657 4,556 5,087 1,894 2,045 2,053 2,310

25507 | 30,625 | 45727 | 55518 17,477

14,229 | 16,528

Without central heating

Energy sources for heating
Solid fuels

Liquid and gaseous fuels

Electricity

Solar energy

Other type of energy

Dwelling with no heating

With attic space
With cellar

Air conditioning
108

Yes, from installation in building - - 9

Yes, from installation in dwelling 1,526 1,880 5825 7187 | 17,19 | 20,638 | 6,960 8,162 8,133 9,027
No 9,559 1,013 | 24091 | 28686 | 38953 | 47884 | 11532 | 13659 | 14520 | 15291
Average number of occupants 3 3 4 3 4 3 4 4 4 4
*estimated
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Table 3 Statistical data per building type: Medium-sized buildings (three to nine dwellings) (Monstat 2011)

1919-1945

B1

per
building

Total number

per
flat

1946-1970 1971-1990 1991-2000

B2 B3 B4 B5

per
building

per
flat

per
building

per
flat

per
building

per
building

2001-2011

per
flat

Number of dwellings/buildings

Average year of construction

Piped water installed

Number of rooms

Average floor area

With central heating

Without central heating
Energy sources for heating
Solid fuels

Liquid and gaseous fuels

Electricity

Solar energy

Other type of energy

Dwelling with no heating

With attic space

With cellar
Air conditioning
Yes, from installation in building

Yes, from installation in dwelling

No

Average number of occupants

Energy sources used for heating

Data on the main energy sources are available for
heating per building type. According to the 2011 cen-
sus, the most common energy source was still solid
fuel (84 percent, mainly wood), followed by electricity
(20.8 percent) (Figure 21). Solar heating and other en-
ergy sources, such as gas and oil, were negligible.
About 1.6 percent of the total household area was
not heated.

There are significant differences between building
types. In the case of small houses and older, medium-
sized buildings, wood is dominant, while in the case
of large buildings electricity is the dominant heat
source (Figure 22).

Heating systems

Data on heating systems per building type are rather
limited and do not include the types of devices, their
efficiency, or even their age, which could be used to
form an expert estimate of the mentioned parameters.
The only available information regarding heating sys-
tems is the type of fuel used, the number of buildings
using it (see above) and the shares of buildings with
central heating and decentralised systems. It should
be noted that, in the case of small buildings, it is diffi-
cult to interpret the difference between central and
decentralised systems. It is possible that, in the census,
the question was misinterpreted and that “central” was
confused with “per dwelling”. However, the share of
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Table 4: Statistical data per building type: Large buildings (10 or more dwellings) (Monstat 2011)

1919-1945

(4]

per per
building  flat

Total number

1971-1990 (4] «

(4] (4] (4] (4]

per per per per per
building  flat

building building building

Number of flats/buildings

Average year of construction

Piped water installed

Number of rooms

Average floor area

With central heating

Without central heating
Energy sources for heating
Solid fuels

Liquid and gaseous fuels

Electricity

Solar energy

Other type of energy

Dwelling with no heating

With attic space

With cellar
Air conditioning

Yes, from installation in building

34

1116

Yes, from installation in dwelling

16,835

18,329

No

11,014

2,847

Average number of dwellers

3

3

central heating systems in multi-apartment buildings
is between 1 and 7 percent only (Figure 23), thus in the
building model central systems can be ignored.

Regarding the devices used for heating, there are no
data per dwelling or building type.

Domestic hot water production

Monstat does not provide any statistical data con-
cerning sanitary hot water supply, although typically
in Montenegrin households hot water is produced
using an electric boiler (generally with a capacity of
80 litres and 2.5 kW electrical power).
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Energy efficiency measures aimed at the production
of sanitary hot water (such as the installation of solar
water-heating systems) are easier to implement in
single-family houses than in multi-family buildings,
due to organisational issues in coordinating residents.

In certain building types, particularly in family houses
built before 1970, there are no water pipes installed
(Figure 24). However, this does not mean that no hot
water is produced, since the water can be supplied
from on-site wells. It can nevertheless be assumed
that the energy demand for domestic hot water in
these houses is significantly lower than in buildings
with water pipes installed.




Figure 21 Share of household area per energy source used for heating (Monstat 2011)
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Figure 22 Share of energy sources used for heating per building type (Monstat 2011)
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Figure 23 Share of buildings with central heating (Monstat 2011)
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Figure 24 Share of buildings with installed water pipes (Monstat 2011)
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Air-conditioning systems

In Montenegro, 54 percent of dwellings are equipped
with mechanical cooling systems, and the share is in-
creasing significantly. In 2005 it was just 21.4 percent
(Monstat 2014). These are predominantly decen-
tralised systems (split units). Most of the cooling units
are reversible, thus they are used also for heating, al-
though this cannot be supported by statistical data.

Unfortunately, there are no data about the distribu-
tion of cooling systems per climate zone, although it
is probable that the distribution is not balanced. In cli-
mate zone 3, air-conditioning systems are not typical,
while they are frequent in climate zones 1 and 2.

According to national regulations, cooling devices
with the lowest efficiency have an energy efficiency
value (EER) of <2.0.
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1. Calculation method and main assumptions



Energy calculations

As already explained in Section I, the building type
matrix was based on the existing Serbian building
typology. Although there are fewer building types in
Montenegro, each Montenegrin building type has a
corresponding Serbian type. The energy calculation
models and results are described in Jovanovi¢ Popovic¢
et al. (2013). However, although the Serbian building
types cover the Montenegrin typology with respect to
building geometry and structure, there are two
important differences: first the climate, and second
the energy sources and the corresponding supply
systems. The calculations therefore had to be
adjusted to conditions in Montenegro and the energy
performance results for the Serbian building types
had to be modified. For this reason, correction factors
were applied.

Definition of the present state and
retrofitting options

In the model, three renovation scenarios were devel-
oped for all building types, two of them representing
a complex renovation package. The complex pack-
ages consist of measures for upgrading the building
envelope, and the heating, cooling and DHW systems.
For the building envelope, the same measures were
applied as for the Serbian building types, while for the
service systems different solutions were necessary.
The measures for upgrading the building envelope
are explained in detail in Jovanovi¢ Popovi¢ et al.
(2013). The building types with corresponding Serbian
typology are shown in Table 5.

The existing state of the building stock was modelled
taking into account the following factors:

e In Montenegro there are three climate zones char-
acterised by different degree days (Figures 25 and
26). The heating energy demand was calculated
for all building types for all three climate zones. It
was also applied for retrofitting options.

e In Montenegro, both conventional wood-burning
stoves and low-efficiency electric air-to-air heat
pumps are widely used. Taking into account only
the more frequently used system would have led
to a significant error in the national projection.
Therefore, in the energy calculations, the two
heating modes were modelled as a fictive bivalent
system and the ratios of the two systems were
equivalent to the national shares.

The “business as usual” (BAU) scenario includes what
is nowadays the most frequently applied renovation
option — that is, the changing of windows. In this
case, a simplified estimate of 20 percent energy sav-
ing was taken into account for all building types.

The “standard” scenario includes interventions
related to each building component in order to
achieve compliance with the minimum requirements
foreseen in the case of major renovation. In the case
of buildings constructed before 2000, major renova-
tions are rather likely. The standard scenario in this
case therefore includes a set of interventions for up-
grading the building envelope from the point of view
of insulation. In addition, high-efficiency wood pellet
stoves are introduced in smaller buildings, while in
larger buildings single-room air-to-air split system
heat pumps with cooling, with a better coefficient of
performance (COP), are introduced. Central solar hot
water systems are introduced to cover at least 40 to
70 percent of DHW demand.

The “ambitious” scenario goes beyond the building
regulations related to the building envelope. Building
service systems are still based on two main energy

Table 5 Equivalent building types in the Montenegrin and Serbian typology (geometry and structures only)

Serbia

Montenegro

Before 1945

Montenegro Serbia Montenegro

1946-1970

1971-1990

1991-2000

2001-2011
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sources (wood and electricity), but better system effi-
ciencies are considered. In all cases central solar col-
lectors are introduced.

Climate

As already mentioned, Montenegro is divided into
three climate zones (Figure 25). The results of the Ser-
bian calculations for heating energy consumption
were corrected by the degree days of the correspon-
ding climate zone (Figure 26).

Heating systems

In Montenegro, non-central systems (room heating)
dominate, while in Serbia apartment heating and cen-
tral heating are also frequent. Thus the heating, cool-
ing and hot water systems were completely revised.

Figure 25 Climate zones in Montenegro (Zone 1: orange,
Zone 2: yellow, Zone 3: blue)

The modified systems correspond to different system
efficiencies and calculation results.

Regarding the devices used for heating, there are no
statistical data per dwelling or building type. National
regulations prescribe/suggest the efficiency values for
heating devices, depending on fuel or type, as shown
in Table 6.

Considering that there are no further data regarding
the characteristics of heating devices per building
type (no survey has been performed with respect to
these data in Montenegro), in the building type mod-
els the most frequent systems were incorporated. For
the renovation options, the tradition of non-central
(mostly per room) systems based on wood and elec-
tricity were taken into account, as shown in Tables 7,
8 and 9).

In many building types, wood stoves and air heat
pumps are both very frequent, thus, as explained
above, fictive bivalent systems were developed in the
building type matrix.

Figure 26 Heating degree day (HDD) values per climate
zone (Ministry of Economy 2013a)
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Table 6 Typical efficiency factors of heat production units in Montenegro

Stove/hoiler

Cast (before 1970)

Liquid fuel Mechanical nozzle 70-78
Standard (medium efficiency) 83-89

Electrical energy Central 100
Conventional 55-65
Natural gas, LPG Standard (medium efficiency) 78-84
Condensing 90-97
Conventional 45-55
Solid fuel Modern 55-65
State of the art 75-90

Table 7 Definition of present state and retrofitting options for heating systems in Montenegro

Present state and

BAU renovation Ambitious renovation

Standard renovation

Wood stove - =0.6 ) i )
Centralised heating system with wood pellet

Wood pellet stove - =0.85 boiler and automatic regulation of
temperature and hot water preparation

Heat pump - SCOP=2.2

Wood stove - n=0.6 ) ) )
Centralised heating system with wood pellet

Wood pellet stove - n =0.85 boiler and automatic regulation of
temperature and hot water preparation

Heat pump - SCOP=2.2

Wood stove - n=0.6

Heat pump - SCOP =3 Heat pump - SCOP =4

Heat pump - SCOP=2.2
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Table 8 Energy sources for heating: Present state and BAU improvement

Biomass share

Electricity share

Present state and BAU improvement

)

Present state and BAU improvement 7 93
Present state and BAU improvement 11 89
Present state and BAU improvement 11 89

Present state and BAU improvement

Present state and BAU improvement

Present state and BAU improvement 27 73
Present state and BAU improvement 39 61
Present state and BAU improvement 53 47

Present state and BAU improvement

Present state and BAU improvement

Present state and BAU improvement 70 30
Present state and BAU improvement 89 11
Present state and BAU improvement 92 8

Table 9 Energy sources for heating: Standard (improvement 1) and ambitious (improvement 2) renovation

Improvements 1and 2

Electricity share

Biomass share

)

Improvements Tand 2

100

Improvements 1and 2

Cooling systems

In Montenegro, air-conditioning systems are predom-
inantly non-central systems (split units). Most cooling
units are reversible, thus they are also used for heat-
ing, although this cannot be supported by statistical
data. According to the national regulations, cooling
devices with the lowest efficiency have an energy ef-
ficiency value (EER) of <2.0. For the retrofitting
options, non-reversible systems with an EER of 3 or
an EER of 4 were considered.

In family houses and small multi-apartment buildings
(types A and B), renovation options based on wood
pellets were applied for heating, while for large build-
ings reversible split systems were considered. As a
consequence, in large buildings cooling is available
without extra measures. For building types with pellet
heating, cooling can be installed only at extra cost.

In climate zone 3, cooling is not used (Table 10).
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Table 10 Definition of present state and retrofitting options for cooling systems in Montenegro

Present state and BAU renovation

Heat pump - EER=2

Standard renovation Ambitious renovation

Heat pump - EER>3

Heat pump - EER>3

Heat pump — EER=2

Heat pump — EER>3 Heat pump - EER>3

Heat pump - EER=2

Same as for heating
(no additional unit)

Same as for heating
(no additional unit)

Domestic hot water systems

Montenegrin households typically produce sanitary
hot water using an electric boiler (generally with a
capacity of 80 litres and 2.5 kW electrical power).

In the complex renovation options, central sanitary hot
water production (solar water-heating systems) is more
easily applied (Table 11). A solar-based system is not
able to meet the demand for DHW throughout the
year, thus auxiliary heating is necessary. This may be in
the form of direct electricity, heat pump or central wood
pellet boiler, depending on the applied heating system.

The net heat demand for domestic hot water is calcu-
lated based on the daily hot water consumption per
person, taking into account the average number of in-
habitants. For family houses, 35 litres per day per per-
son was used, and for multi-apartment buildings
30 litres per day per person. The temperature differ-
ence for hot water preparation was considered as
50 degrees. As a country average the result — taking
into account the number of inhabitants per building
type and the number and size of dwellings per build-
ing type — was 31.9 kWh/m? per year. This weighted
average figure was applied for all further calculations.

Partial heating and cooling

Typically in Montenegro only a part (one or two
rooms) of a dwelling is heated in order to save energy
and costs. This is technically easy as most systems
heat per room. In addition, the heating system is typ-
ically not turned on all day long. Heating overnight is
rare. The maximum time that heating is on in house-
holds is therefore 24-6=18 hours, and the typical daily
heated hours are between 10 and 14, although no
statistics are available on this issue. Although the mild
winter in climate zones 1 and 2 makes it relatively
easy to use intermittent and partial heating and put
up with lower comfort levels, in the future it is pre-

dicted that comfort requirements will increase, mak-
ing under-heating less frequent, thus the significance
of under-heating and partial heating will decrease. In
the retrofitting options we therefore assumed an in-
crease in heated floor area and daily heated hours. It
should also be mentioned that in well-insulated build-
ings the impact of internal heat flows is greater and
the indoor air temperature more balanced.

As discussed above, in Montenegro approximately
54 percent of dwellings are fitted with mechanical cool-
ing systems (Monstat 2011). However, in these dwellings
it can be assumed that many people do not use their
domestic air-conditioning system in order to save elec-
tricity costs, or that they use it in only one or two rooms.
In climate zones 2 and 3, cooling is not typical.

Real energy consumption for heating and cooling is
thus significantly lower than the theoretical figures
given by the model, assuming full heating. The con-
crete correction factors for partial heating and cooling
and daily heated hours applied in the modelled op-
tions are detailed in calculation Excel sheets (available
at www.sled.rec.org). However, it should be high-
lighted that the estimated figures should be handled
with caution, as no statistics are available on partial
heating and cooling. Statistical surveys are recom-
mended, in order to obtain a more precise picture.

System efficiencies

The delivered energy is calculated from the net heat-
ing energy demand (QNp) per energy source:

_Ow
delivered ~
t

The system efficiency (7).

=11y " Ne where:

THE TYPOLOGY OF THE RESIDENTIAL BUILDING STOCK OF MONTENEGRO AND MODELLING ITS LOW-CARBON TRANSFORMATION

45




46

77, = boiler (source) efficiency
17, = piping (distribution) efficiency
77, = control (regulation) efficiency

The concrete efficiency figures applied in the mod-
elled options can be found in the Excel sheets
available at www.sled.rec.org.

Primary energy and CO, emission factors

Primary energy consumption (Qyimar) is calculated as
the sum of the delivered energy (Qgevereq) Multiplied by
the primary energy factors (f, ....) Of the energywares:

y
Qpn‘mary = 2 Qddivemd ) p.source i [knff!/year

The annual CO, emissions from space heating and
domestic hot water production are determined as
follows:

mcoz = EQdelivemd . fCOZ,.mumei [kz;;ear]
where

feo,source 1 = the CO, emission factor of the energyware
used by heat generator i.

The conversion factors for the determination of an-
nual primary energy consumption and specific CO,
emissions per energy carrier are shown in Table 12.

Table 11 Definition of present state and retrofitting options for domestic hot water systems in Montenegro

Existing state and
BAU renovation

Electrical boiler

Standard renovation Ambitious renovation

SWH system for hot water preparation

SWH system connected to centralised heating system

Electrical boiler

SWH system for hot water preparation

SWH system connected to centralised heating system

Electrical boiler

Centralised SWH system for hot water
preparation

Centralised SWH system for hot water
preparation

Table 12 Conversion factors for determining annual primary energy consumption and specific CO, emissions
per energy carrier (Ministry of Economy 2013a; Szabd et al. 2015)

Primary to final energy factor

Energy carrier

(KWh/KWh)

Wood biomass

Specific CO, emissions

(kg/kWh)

Electrical energy

Other fossil fuels

Solar energy
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The detailed energy calculation results per building
type are provided in a separate Excel file, Montene-
gro_types_energy.xls, available at www.sled.rec.org.
This file contains the most relevant input data and
the results for the heating, cooling and hot water
energy demand of each building type. As men-
tioned, the building models (net heating energy de-
mand calculations) are based on the energy
calculations in Jovanovi¢ Popovi¢ et al. (2013) and
the considerations outlined in earlier chapters.

Net energy demand and primary energy
consumption in the existing building stock

A summary of the results is presented in Figures 27
and 28. In the diagrams, detached houses and small
multi-apartment buildings were assumed to have a
wood stove for heating, or poor-efficiency reversible
split systems for heating and cooling. This can be re-
garded as typical. In the diagram, the heating of the
entire building was considered.

The progress in net heating demand shows that the
thermal characteristics of the building stock have
somewhat improved over time, although significant
improvement can be seen only in the last decade. It
should be noted that although the thermal properties
of detached houses are worse than those of larger
buildings, due to the unfavourable surface to volume
ratio, the primary energy results show the opposite.
This can be explained by the heating sources consid-
ered: the primary energy factor of wood was as-
sumed to be 0.1, while for electricity, which was
assumed to be the energy source in larger buildings,
the respective factor is 2.5.

The share of DHW primary energy consumption is rel-
atively large, due to the fact that electric water heaters
were taken into account, which have a high primary
energy factor. Demand is also high compared to other
countries (31.9 kWh/m?/year). In all building types
heating dominates in the total energy demand.

The values for cooling should be considered with
caution. The building typology was designed to model
heating, as heating is the most important area of
energy use in Montenegrin households. The typology

is not appropriate to model cooling, because the
most important factors determining cooling demand
— thatis, the ratio of glazed surfaces, orientation and
shading devices and neighbouring environment —
were not considered (due to a lack of statistical data).
However, as cooling has far less significance in the
national energy balance than heating, and as there
are no appropriate statistical data for creating a build-
ing typology for modelling the building stock for cool-
ing, we decided to apply the same typology for
cooling and heating. The net cooling demand figures
are educated guesses made by experts based on the
calculation results of other countries (Albania and
Hungary). For the more appropriate modelling of
cooling demand another typology should be
designed, although before this can happen, statistical
data must be collected about the building character-
istics that determine cooling.

It should be noted that the figures correspond to full
heating, while in an average household partial and in-
termittent heating and cooling are typically applied.
Results for all climate zones and partial heating/cool-
ing can be found in the file Montenegro_types_en-
ergy.xls, available at www.sled.rec.org.

Net energy demand and primary energy
consumption in the retrofitting options

The two complex retrofitting options lead to very sig-
nificant energy savings in terms of both net energy
demand (52 percent and 64 percent mean savings)
and primary energy consumption (72 percent and
83 percent mean savings). Primary energy savings are
particularly high because of the increasing share of
wood rather than electricity (wood has a lower
primary energy factor).

It should be noted once again that the figures for the
original state and the BAU option correspond to full
heating, leading to an overestimation. In an average
household, partial and intermittent heating and cool-
ing are typically applied. Results for all climate zones
and partial heating/cooling can be found in the file
Montenegro_types_energy.xls, available at
www.sled.rec.org.
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Figure 27 Net energy demand of building types (present state, full heating, climate zone 1)
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Al A2 A3 Ad A5 B1 B2 B3 B4 B5 |C1,C2| €3 ca Cc5
Cooling [kWh/m2a] 80 80 80 80 30 60 60 60 60 30 60 60 60 30
DHW [kWh/m2a] 32 32 32 32 32 32 32 32 32 32 32 32 32 32

Heating (Z1) [kWh/m2a] 153 163 | 207 | 189 | 124 | 192 | 139 122 | 75 49 | 102 | 99 93 56

Figure 28 Primary energy consumption of building types (present state, full heating, climate zone 1)
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Cooling [kWh/m2a] | 100 100 100 | 100 | 38 | 75 | 75 75 | 75 75 | 75 | 75 | 38
DHW [kWh/m2a] 83 83 83 | 83 | 83 | 83 | 83 83 | 83 83 | 83 | 83 | 83
Heating (Z1) [kWh/m2a] 275 295 | 368 | 336 | 219 | 300 | 232 194 113 159 | 138 | 118 | 70
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Figure 29 Net energy demand of building types (present state and retrofitted states, full heating, climate zone 1)
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Figure 30 Primary energy consumption of building types (present state and retrofitted states, full heating,
climate zone 1)

600

500

400

300

200

100

AL | A2 | A3 | A4 | A5 | BL | B2 | B3 | B4 | BS |cicz| C€3 | c4 | C5
present state 458 | 478 551 | 519 | 340 | 458 | 391 | 352 | 271 | 189 317 296 276 191
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Delivered energy consumption
per energy source

For a sectoral analysis it is important to know the
delivered energy consumption per energy source. For
the current and BAU state we used estimates per
building type based on national statistics for the pro-
portion of energy sources (see Tables 2, 3 and 4 on
pages 34 to 36). Only the two main energy sources,
wood and electricity, were taken into account. The
other sources were omitted.

In the retrofitted cases, the most probable options
were taken into account depending on the building
type. All results can be found in the file
Montenegro_types_energy.xls, available at
www.sled.rec.org.
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€0, emissions

In relative terms, the reduction in CO, emissions is
even greater than the primary energy savings. This is
because in Montenegro the primary energy factor of
wood is high compared to most countries (at 1.00),
but the CO, emission factor is low. As wood has an
increasing share in the renovation options the impact
of these factors is significant.

found in the file
available at

All  results can be
Montenegro_types_energy.xls,
www.sled.rec.org.
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Costs per measure and floor area:
Building envelope

Investment costs are given by building type and
measure (see Tables 13 and 14). The prices are aver-
age prices, which means that there is no differentia-
tion between smaller and larger buildings. Prices
include all system elements, although, depending on
the present state of the building, there may be some
additional work to remove old installations. The prices
include labour costs and 19 percent VAT.

For sectoral modelling it was more appropriate to give
the investment costs per heated floor area, rather
than per unit area, therefore we calculated the costs
per building type. The results are summarised in
Tables 15 and 16.

Costs per floor area:
Building service systems

Prices for building service systems were identified per
building type and measure. These prices were later
differentiated, taking into account the fact that for
larger buildings, price discounts are applied (see
Tables 17, 18 and 19). Prices include all system ele-
ments, although, depending on the present state of
the building, there may be some additional work to
remove the old installations. The prices include
labour costs and 19 percent VAT.

In some cases, heating is supplied by reversible heat
pumps that can also be used for cooling without ad-
ditional cost. In other cases, cooling can be provided
only by additional split systems (smaller, cheaper heat
pumps).

Table 13 Investment costs per measure unit area: Standard improvement

EUR/m? EUR/m? EUR/m? EUR/m? EUR/m? EUR/m? EUR/m?
Floor
A construction Pitched roof Flat roof
External wall Ground floor constructionin . : : Windows
: in unheated area (renovation) (renovation)
unheated attic
(basement)
A1-5 30.00 20.00 25.00 150.00
B1-5 35.00 20.00 25.00 30.00 50.00 150.00
C1-5 40.00 20.00 25.00 30.00 50.00 150.00

Table 14 Investment costs per measure unit area: Ambitious improvement

EUR/m? EUR/m? EUR/m? EUR/m? EUR/m? EUR/m? EUR/m?
Floor
Floor : :
o construction Pitched roof Flat roof :
External wall Ground floor construction in . : : Windows
: in unheated area (renovation) (renovation)
unheated attic
(basement)
A1-5 40.00 50.00 30.00 35.00 150.00
B1-5 45.00 30.00 35.00 40.00 60.00 150.00
C1-5 50.00 30.00 35.00 40.00 60.00 150.00
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Table 15 Investment costs per heated floor area: Standard improvement

Walls (and arcade
ceilings)

Windows

Floor construction
in attic

Floor construction
in unheated area
(basement)

Flat roof

Pitched roof

Floor construction
on ground

Total (envelope)

Heating system

Hot water system

Total (system) 50.00 50.00 50.00 45.00 75.00  75.00

Total (envelope 457 00 149.70 130.20 144.70 139.50 135.900

+ system)

Table 16 Investment costs per heated floor area: Ambitious improvement

Walls

Windows

Floor construction
in attic

Floor construction
in unheated area
basement)

Flat roof

Pitched roof

Floor construction
on ground

Total (envelope)

Heating system

Hot water system

Total (system) 75.50 120.00 120.00 120.00 120.00

Total (envelope 14530 193.20 199.60 195.50 193.40

+ system)
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Table 17 Investment costs per heated floor area: Heating

Standard renovation

Wood pellet stove — n =0.85 (EUR 25/m?)

Ambitious renovation

Centralised heating system with wood pellet boiler and
automatic regulation of temperature and hot water production
(EUR55/m?)

Wood pellet stove — = 0.85 (EUR 22.5/m?)

Centralised heating system with wood pellet boiler and
automatic regulation of temperature and hot water production
(EUR 44/m?)

Heat pump — SCOP >3 (price EUR 35/m?)

Heat pump — SCOP >4 (price EUR 80/m?)

Table 18 Investment costs per heated floor area: Cooling

Standard renovation
Heat pump - standard (price EUR 10/m?)

Ambitious renovation
Heat pump - standard (price EUR 10/m?)

Heat pump — standard (price EUR 10/m?)

Heat pump - standard (price EUR 10/m?)

Same as for heating (no additional cost)

Same as for heating (no additional cost)

Table 19 Investment costs per heated floor area: Domestic hot water

Standard renovation

SWH system (price EUR 25/m?)

Ambitious renovation

SWH system for hot water production connected to centralised
heating system (price EUR 35/m?)

SWH system (price EUR 22.5/m?)

SWH system for hot water production connected to centralised
heating system (price EUR 31.5/m?)

Centralised SWH system for hot water production
(price EUR 40/m?)

Centralised SWH system for hot water production
(price EUR 40/m?)

Energy prices

In Montenegro, the most important energy carrier is
electricity (almost three-quarters of all energy expen-
diture per household). Nevertheless, fuelwood is also
a significant energy carrier, especially for rural house-
holds and urban households in central and northern

share in the energy balance.

Electricity

can be corrected for each year of that period. The
price depends on several consumer characteristics:

e Voltage level of grid connection (110 kV, 35 kV,
10 kV or 0.4 kV). Residential consumers (house-
holds) are all connected to a 0.4 kV supply (i.e. low
voltage).

Montenegro. Other energy carriers representasmall o Number of phases (three- or one-phase connec-

tion). Three-phase connection is the dominant

type of connection for residential consumers,
although in rural areas there may be single-phase

connections.

The price of electricity is defined by the Montenegrin
Regulatory Agency for Energy according to a pre-
defined methodology based on the approved
revenue of the Montenegrin Power Company (EPCG),
which is the only supplier of electricity for the resi-
dential sector. The price is typically defined in
advance for three years (the regulatory period), but
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e Reactive energy metering. This feature is not avail-
able for residential consumers (i.e. it is not billed).

Another important feature is that there are two tariff
levels in Montenegro:

e High tariff

« From 07.00 to 23.00 on every day except Sunday
e Low tariff

+ All day Sunday and from 23.00 to 07.00 on all

other days of the week.

Thus most residential consumers are connected to
the 0.4 kV grid, do not have power demand or reac-
tive power metering, and predominantly have a
three-phase connection with two tariff levels. The re-
maining residential consumers have a single-phase

connection and a single tariff level. The electricity
prices for these two types of residential consumers
are defined according to Tables 20 and 21.

As the tables show, the electricity price is defined by
more than simply the amount of electricity con-
sumed. There are some fixed costs (power supply fee,
market operator fee and a part of the fee for distri-
bution capacity usage), and in the case of two-tariff
metering the manner in which electricity is used has
a strong impact on the total price. In order to define
the total average price of electricity per kWh, it is
therefore necessary to identify the average electricity
consumption per month, as well as the ratio between
electricity consumption during high-tariff hours com-
pared to low-tariff hours.

Table 20 Electricity price for households with two-tariff meters (Regulatory Agency for Energy, 2014)

NENGEL

renovation option

Active power consumption

Transmission capacity usage

Participation in transmission losses

Distribution capacity usage

Participation in distribution losses

Power supply fee

High tariff CEURZKWh
Low tariff 2.3298 CEURZKWh
0.3543 CEUR/KWh
High tariff 0.1954 CEURZKWh
Low tariff 0.0977 CEURZKWh
3.0226 CEUR/KWh
13228 EUR
High tariff 0.5318 CEUR/KWh
Low tariff 0.2659 CEURZKWh
1.6556 EUR
0.058 EUR

Market operator fee

Table 21 Electricity price for households with single-tariff meters (Regulatory Agency for Energy 2014)

Cost Unit
Active power consumption 3.6974 CEURZKWh
Transmission capacity usage 0.3543 CEUR/KWh
Participation in transmission losses 0.1551 CEUR/KWh
Distribution capacity usage 30226 CEURrAn
1.3228 EUR
Participation in distribution losses 0.422 CEURZKWh
Power supply fee 1.6556 EUR
Market operator fee 0.058 EUR
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If it is assumed that average electricity consumption per
month is 600 kWh, and that the ratio between high-
tariff and low-tariff electricity consumption is 2:1 (typi-
cally the case in households that do not consider the
tariff period when consuming electricity), the price of
consumed electricity per kWh is presented in Table 22.

It should be stressed that the electricity price presented
in Table 22 for two-tariff metering is lower for the same
ratio of high-tariff to low-tariff electricity consumption
if the total electricity consumption is doubled to
1,200 kWh. The corresponding electricity price is pre-
sented in Table 23. This is due to the lower share of
fixed costs in the total cost of electricity consumption.

A similar conclusion can be drawn in the case of the
same electricity consumption (600 kWh), but with a dif-
ferent ratio between high-tariff and low-tariff consump-
tion. If this ratio is 1:1, the corresponding electricity
price is given in Table 24.

The amount of consumed electricity also has an im-
pact on the electricity price per kWh for single-tariff
residential consumers, and the corresponding price

for the monthly consumption of 1,200 kWh is given in
Table 25.

Taking into account the above analysis, an average
price of cEUR 10/kwh for all residential consumers
can be adopted. (This price is often used by the Mon-
tenegrin Power Company and Regulatory Agency for
Energy for rapid calculations.)

Fuelwood

Traditionally, fuelwood is the main energy carrier for
heating purposes used by rural households, and also
by numerous urban households. According to surveys
(FODEMO 2015), fuelwood is the primary heating en-
ergy carrier in rural and urban households in north-
ern Montenegro (Pljevlja, Zabljak, Savnik, PluZine,
Berane, Andrijevica, Plav, RoZaje, Kolasin i Mojkovac).
Fuelwood is used in significant amounts in Podgorica,
Danilovgrad and NikSi¢. The fuelwood market is char-
acterised by two basic products: so-called metre fuel-
wood and chopped fuelwood (Figure 31).

Table 22 Electricity price per kWh for a household with 600 kWh consumption (HT:LT = 2:1)

Metering type Cost (cEUR/kWh)

Two-tariff metering

VAT (19%) (cEUR/KWh) Total cost (cEUR/kWh)
173 10.84

Single-tariff metering

1.55 9.71

Table 23 Electricity price per kWh for a household with 1,200 kWh consumption (HT:LT = 2:1)

Metering type Cost (cEUR/kWh)

Two-tariff metering 8.85

VAT (19%) (cEUR/kWh) Total cost (CEUR/kWh)
1.68 10.54

Table 24 Electricity price per kWh for a household with 600 kWh consumption (HT:LT = 1:1)

Metering type Cost (cEUR/kWh)

Two-tariff metering 8.62

VAT (19%) (cEUR/kWh) Total cost (cEUR/kWh)
1.64 10.26

Table 25 Electricity price per kWh for a household with 1,200 kWh consumption

Metering type

Cost (cCEUR/kWHh)
Single-tariff metering 79

VAT (19%) (cEUR/KWh) Total cost (cEUR/kWh)
15 9.4
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As shown in Figure 32, fuelwood is mainly supplied
from:

e aperson’s own forest or a friend's forest;

e traders;

e afirewood yard; or

e astate forest.

Traders are the predominant suppliers to rural and

urban households, although rural households signif-
icantly rely on their own forests for fuelwood supply.

Figure 31 Fuelwood products on the market

Figure 32 Fuelwood supply (Monstat)

The price of fuelwood depends on the availability of
resources, the need for transportation, and the level
of fuelwood preparation (metre fuelwood or chopped
fuelwood). Fuelwood is billed per spatial metre (prm),
although in the FODEMO project (FODEMO 2015) the
price of fuelwood is recalculated per cubic metre,
which is the standard technical measure. As shown in
Table 26, the price of fuelwood per cubic metre there-
fore differs in Montenegrin municipalities. Consump-
tion per city is shown in Figure 33.

B From own forest

B Traders

® From firewood yard

B Friends that have their own

forest
B From state forests
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Figure 33 Consumption of fuelwood per city in cubic metres (FODEMO 2015)
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Table 26 Average total fuelwood price per cubic metre

Cost (EUR) VAT 19% (EUR) Total cost (EUR)
Andrijevica 36.62 6.96 43.58
Bar 61.15 11.62 72.77
Berane 35.40 6.73 4213
Bijelo Polje 41.99 7.98 49.97
Budva 55.15 10.48 65.63
Danilovgrad 61.98 11.78 73.76
Zabljak 3144 597 37.41
Kolasin 35.27 6.70 41.97
Kotor 74.64 14.18 88.82
Mojkovac 33.18 6.30 39.48
Niksi¢ 51.32 9.75 61.08
Plav 36.74 6.98 4372
PluZine 2745 5.22 3267
Pljevija 19.71 375 23.46
Podgorica 54.03 10.27 64.30
RoZaje 39.00 741 46.41
Tivat 55.04 10.46 65.50
Ulcinj 43.07 8.18 51.25
Herceg Novi 01.54 11.69 73.24
Cetinje 49.54 941 58.95
Savnik .71 5.27 32.98
Montenegro 45.00 8.55 53.55
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MODELLING THE TRANSFORMATION
TO A LOW-CARBON RESIDENTIAL
BUILDING STOCK






Modelling approach

In order to assist in the development of energy effi-
ciency and climate mitigation policies for the residen-
tial building sector in Montenegro, we designed and
applied a bottom-up simulation model. The model ag-
gregated information on energy consumption by end
use at the level of representative buildings to a sector
balance at country level. The model also calculated
the costs of consumed energy. Assuming the retro-
fitting costs of representative buildings, we calculated
the retrofitting costs at country level. The model also
made it possible to run scenarios with different levels
of policy effort, assuming the transformation of the
building stock to a low-energy and low-carbon level
by a particular target year or at a particular rate.

Building age

We classified the entire residential building stock into
six age categories, three type categories, and three
climate zones. This classification followed the building
typology prepared in Part 1 of the present book. The
first difference from that typology is that the age cat-
egory 2001-2011 was extended to 2015. The second
difference is that we added a category of buildings
constructed after 2016. Their geometrical character-
istics correspond to those of buildings constructed in
2001-2011. We assumed that new buildings are con-
structed according to the same distribution by climate
zone as existing buildings.

The age categories are buildings constructed:

e before 1945;

e between 1946 and 1970;

e between 1971 and 1990;

e between 1991 and 2000;

e between 2001 and 2015; and
e after 2016.

The building types are:

e small buildings;

e medium-sized buildings; and
e large buildings.

The climate zones are:

e zone 1, coastline;
e zone 2, moderate; and

e zone 3, mountainous.

Altogether, we therefore considered 18 representa-
tive buildings located in three climate zones. For more
details on the building typology for Montenegro, see
Part 1 of the present book.

Modelling scope and boundaries

Our model assessed only thermal energy services
delivered to residential buildings in Montenegro —
namely space heating, space cooling and water heat-
ing. We did not cover energy use for electrical appli-
ances, lighting or cooking. The latter three energy
services represent a large share in the residential sec-
tor balance, thus it is important to bear in mind that
our calculated levels of energy consumption and CO,
emissions are far lower than the total sector levels.

The retrofitting options include both the improve-
ment of the thermal envelope and the changing of
technical systems, which often implies a fuel switch.
Improving the thermal envelope means retrofitting
walls, roofs, floors and windows. Better technical sys-
tems are more efficient systems for water heating,
space heating and space cooling. Depending on the
technical and economic feasibility, households may
switch to solar, biomass or electricity as energy
sources. We do not consider the impact of climate
change on space heating and cooling patterns (see
Part 1 for details).

The model includes the illegal building stock. It does
not cover buildings used for temporary purposes
(holiday homes) or abandoned buildings. The model
includes the non-inhabited building stock (see Section
VI, page 69, for details about their treatment).

The base year for our model is 2014, and it is cali-
brated to the energy balances estimated for 2013.
The modelis only applicable to the period up to 2030.
We estimated the building stock turnover until 2070,
but this only serves to gain an understanding of the
number of existing buildings that remain by this
point, and the number of new buildings.

In terms of environmental impacts, we calculated
only CO, emissions. We considered both direct and
indirect emissions in our analysis. Direct emissions
are those originating from fuel combustion that takes
place in buildings. Section Ill of the present book con-
tains information about the emission factors of fuels
used in residential buildings (page 46). Indirect emis-
sions are those that are produced in the transforma-
tion sector and accounted on the supply side
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according to the IPCC guidelines (IPCC NGGIP online),
but associated with energy commodities consumed
in energy-using sectors. In our case, indirect emis-
sions include emissions from electricity use.

Modelling steps

Figure 34 illustrates the stepwise procedure for our
modelling. Our team of national and international ar-
chitects prepared the country’s building typology, cal-
culated building energy performance by end use, and
assessed the possible building retrofitting packages
and the associated costs at the level of individual rep-
resentative buildings. This information is documented
in detail in Part 1.

In Part 2 we focus on how we aggregated this infor-
mation to the sector level and designed scenarios for
the sector’s energy consumption and CO, emissions
in the future with different levels of policy effort. First

Figure 34 Modelling steps

we developed a building stock model to estimate the
building floor area and its structure by representative
buildings and climate zone up to 2070. We then mar-
ried the data from the building stock model with the
energy consumption by representative building to cal-
culate the energy balance at sector level. The results
obtained were compared and calibrated to the sector
energy balance available from national public statis-
tics.

Next, based on assumptions concerning likely tech-
nological, market and policy developments, we calcu-
lated the sector’s energy consumption and associated
CO, emissions in the business-as-usual reference sce-
nario. Together with policy makers, we then formu-
lated policy packages aimed at ensuring that
buildings become low energy and low carbon in the
long-term future. Finally, we calculated energy sav-
ings, CO, emissions avoided, saved energy costs and
investments required in relation to the realisation of
the packages.
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Involvement of sector stakeholders Modelling tool

In order to make the project results useful for policy  As a modelling tool, we used the Long-Range Energy
making in Montenegro, we communicated our Alternatives Planning System (LEAP) software devel-
progress to national policy makers and experts and  oped by the Stockholm Environment Institute. The
incorporated their feedback into our work. We con-  LEAP software is widely used in energy policy analysis
ducted interviews on adopted, forthcoming and other  and climate change mitigation assessment. Figure 35
potentially useful policies and included this informa- illustrates the Montenegrin model in this software.
tion into the business-as-usual and low-energy/low-

carbon scenarios. The modelling results were

presented in two rounds, when we received addi-

tional data, comments and requests.

The model itself, with the underlying input data, was
provided to national policy makers and experts to use
and modify according to their needs. It is also avail-
able on request for use by other experts, subject to
proper referencing and acknowledgement.

Figure 35 The Montenegrin model in the LEAP software
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Household trends

The evolution of the building stock is driven above
all by the country’'s demographic situation. For this
reason, we first calculated the number of house-
holds and the demand for dwellings over the mod-
elling period.

In order to calculate the number of households, we
relied on past population data from censuses carried
out in Montenegro in 2003 and 2011 (Monstat 2003;
Monstat 2011). We assumed a population growth up
to 2030 according to the medium scenario of the En-
ergy Strategy of Montenegro up to 2025 (Ministry of
Economy 2007). For 2031-2070, we assumed the
continuation of past population trends. Based on
these assumptions, the population will grow to
640,000 in 2030; 661,000 in 2050; and 682,000 in
2070.

We assumed that, in line with overall European
trends, the average number of persons per house-
hold in Montenegro would decrease. This change oc-
curs due to factors such as population ageing, fewer
children per family, and a higher share of mono-
parental households (European Commission 2011).
According to the Montenegrin censuses (Monstat
2003; Monstat 2011), the average number of persons
per household was 3.4 in 2003 and 3.2 in 2011. If the
trend continues, this indicator will reach 2.8 persons
per household in 2030; 2.4 in 2050; and 2.0 in 2070.
This last value is the same as the average number of
persons per household in Europe by 2050 (European
Commission 2011). According to the latest census
(Monstat 2011), there were 1.02 households per
dwelling, and this number is assumed to be constant.

Based on the expected trends for population growth
and persons per household, we estimated the total
number of households. According to our calculations,
the number of Montenegrin households will grow
from 200,000 in 2015 to 232,000 in 2030, and will
reach 281,000 in 2050 and 341,000 in 2070.

Figure 36 shows the indices for population, persons
per household and number of households up to
2070. In 2070, the population of Montenegro will be
9 percent higher than the 2015 level; the number of
persons per household will reach 64 percent of the
2015 level; and the number of households will be
70 percent higher than in 2015.

Remaining stock of existing buildings
and dwellings

Data are not available on the number of buildings and
dwellings per age category at two points in time in
Montenegro, thus it is not possible to calculate the
demolition rate of the residential building stock based
on statistical evidence. We therefore had to use more
assumptions when calculating the demolition rate
than we did for other countries in South Eastern
Europe. Once a new census, using the same data for-
mat as the 2011 census, is issued, it will be useful to
make a more accurate estimation of the demolition
rate than is possible in the current book.

The mortality trends of many technologies tend to fol-
low a so-called Weibull curve, even though the useful
lifetimes of these technologies differ (Weibull 1951;
Welch and Rogers 2010). The curve presents the frac-
tion of remaining units and is described by the follow-
ing equation:

=Sy
Fraction of units remaining (t) = e )

where

t=year

a= scale factor

b= shape factor

c= location parameter

The mean lifetime of units could be estimates as:

1
Mean lifetime = a X y(1 + E)

y= the value of the Gamma function

Figure 37 illustrates the Weibull curves for different
shape factors assuming the location parameter 0. As
we did not have sufficient data to estimate all para-
meters of the Weibull curve for the Montenegrin
building stock, we made an assumption for a shape
parameter of 2.5 and for a location parameter of 0.
We assumed the lifetime of all building types con-
structed before 1945 as 120 years and the lifetime of
all building types in other age categories as 100 years.

Using the Weibull curve and these assumptions we
calculated the number of remaining buildings of each
building type and in each age category until 2070. Ap-
plying assumptions about the number of dwellings
per building made using data from the 2011 census
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Figure 36 Key demographic indicators (2015 = 1.0)
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(Monstat 2011), we also calculated the number of
remaining dwellings in each building type and each
age category until 2070.

Building stock habitation

In 2011, of the 24 percent of dwellings in Montenegro
that were not inhabited, 3 percent were abandoned
and 21 percent temporarily vacant. We excluded the
abandoned dwellings from our model as they do not
make an impact on the sector’s energy consumption.
In order to avoid overestimating energy consumption
in buildings with temporarily non-inhabited dwellings,
we introduced correction factors.

The share of temporarily vacant dwellings grew from
13 percent of dwellings in 2003, to 21 percentin 2011.
The latter share of temporarily vacant dwellings is
fairly common in Southern European countries, and
we assume that it does not grow in the future.

It is not clear from the statistics how the temporarily
vacant dwellings are distributed among buildings by
type and age category. It is equally possible that a
share of single-family houses or some apartments in
multi-apartment buildings are temporarily vacant.
When calculating the energy consumption in different
segments of the building sector, we therefore applied
the same factors to correct for habitation. This is an
approximation, because the share of energy con-
sumption of a partially inhabited multi-apartment
building is not the same as the share of the inhabited
dwellings in that building. However, a better approx-
imation was not possible due to the unclear picture
of the distribution of vacant dwellings.

Part 1 of the present book gives the number of non-
inhabited dwellings by climate zone (see Section I,
page 25). Based on these numbers and the total
share of vacant buildings in the country, we assumed
0.77 as a correction factor for energy consumption
in climate zone 1; 0.86 in climate zone 2; and 0.80 in
climate zone 3.

Construction of new buildings
and dwellings
We estimated the construction of dwellings as the gap

between the demand for dwellings, represented by
the number of households, and the remaining stock

of existing dwellings. We assumed that the new
dwellings have the same structure by building type as
dwellings built during the last 15 years. New buildings
are distributed by climate zone in the same way as
existing buildings.

In order to calculate the building floor area in 2015-
2070, we multiplied the remaining dwelling stock by
the dwelling floor area by building age and type, as
suggested by the building typology. For new dwellings
we assumed the same floor area as for dwellings con-
structed during the last 15 years.

The annual construction rate was calculated as 1.4 to
1.5 percent of the residential building floor area be-
tween 2015 and 2030; 1.5 to 1.7 percent between
2030 and 2050; and 1.7 to 1.9 percent between 2050
and 2070.

Building floor structure in the future

We estimated that the building floor area in 2015 was
17.8 million m? and would reach 20.6 million m?in
2030; 25.0 million m2in 2040; and 30.2 million m2in
2070. The structure of the building floor area will
change due to the demolition of old buildings and the
construction of new buildings.

As Figure 38 shows, the share of the new building
floor area will reach 19 percent of the total in 2030;
43 percentin 2050; and 64 percentin 2070. It is there-
fore important to ensure that new buildings comply
with the existing building code. It is also important to
tighten this code as soon as possible in order to avoid
locking high energy consumption patterns into the
long-term future. We can also conclude from the fig-
ure that a significant share of the building stock con-
structed after 1970 will remain in the medium- and
long-term future. For this reason, it is essential to en-
sure that these buildings have a high energy perform-
ance after retrofitting.

The structure of the building floor area by building
type is also expected to change in the future. As Fig-
ure 39 illustrates, the floor area of small buildings
now represents, and will continue to represent over
the modelling period, the highest share of the total
floor area. Its share in the total floor area will, how-
ever, decrease, while that of large buildings will grow.
Such a change is in line with the overall urbanisation
trends in Montenegro. Moving to a city implies the
likelihood of living in a multi-apartment building
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rather than a small house. This trend represents an
additional challenge if the new, large buildings are
not constructed according to high energy perform-
ance standards. The retrofitting of multi-apartment
buildings is more difficult to stimulate than the retro-
fitting of small houses due to organisational barriers.
In addition, options for retrofitting large buildings in
urban areas to meet low-carbon standards are more
limited than in rural areas.

Unfortunately, the 2011 census (Monstat 2011) did
not provide a breakdown of the distribution of the
building stock by building age and type, or by climate
zone. Since only a breakdown of the total dwelling
stock by climate zone is available (see Section II,
page 25), we were not able to design any trends for
the future and assumed that newly constructed
dwellings will be distributed by climate zone in the
same way as the existing dwelling stock.

Figure 40 presents the structure of the building floor
area by building type and age — that is, the shares of
the 18 representative buildings in the total building
floor area — over the modelling period. Representa-
tive buildings with a share of more than 5 percent in
the total area are included. The three biggest cate-
gories are small buildings constructed in 1971-1990,
small buildings constructed in 2001-2015, and new
small buildings (built after 2016). The significant age
categories that represent more than 5 percent of
building floor area in 2030 are small buildings con-
structed in 1946-1970, small buildings constructed in
1991-2000, large buildings constructed in 2001-2015,
new large buildings (built after 2016), and large build-
ings constructed in 1971-1990.

Figure 38 Building floor area by building age category, 2015-2070
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Figure 39 Structure of building floor area by building type, 2015-2070
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Figure 40 Structure of building floor area by building age and type, 2015-2030
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Vill. Construction and calibration
of the sector energy balance



The next step was to calculate final energy consump-
tion at sector level in the base year (see Section I,
page 45, for a definition of final energy consumption
[delivered energy] at building level). Final energy con-
sumption in each representative building in each cli-
mate zone was estimated as the sum of its final
energy consumption for space heating, water heating
and space cooling. We then multiplied the number of
representative buildings by their final energy con-
sumption in each climate zone and added up the re-
sults across all climate zones, building types and
building age categories.

By way of a check, we compared the calculated final
energy consumption at sector level with the sector
energy balance available at the macro level. The latest
(2013) energy balances for Montenegro published by
Monstat (Monstat 2014b), EUROSTAT (EUROSTAT
2015) and the International Energy Agency (IEA on-
line) clearly overestimates the share of residential
buildings and clearly underestimates the tertiary sec-
tor in the structure of the “other” category in the
country’s final energy consumption. In other words,
it is likely that a share of the tertiary sector is counted
in the balance for the residential sector, and for this
reason the official balances were not used.

On the recommendation of representatives from the
Ministry of Economy, we compiled an estimate of the
residential sector’s energy balance in 2014 using two
other sources. Thus, we oriented to the consumption
of all energy sources except wood from the Energy
Strategy of Montenegro, also known as the Green
Book (Ministry of Economy 2013b). For data on wood
consumption we relied on the wood consumption
survey conducted by Monstat (2013). Since the survey
was carried out in 2011, we corrected the data for
2014 assuming growth rates in wood consumption
according to the Green Book. From the resulting bal-
ance we deducted a rough estimate for electricity use
for lighting, appliances and cooking. The latter esti-
mate was made based on the energy intensity for
lighting, appliances and cooking in Croatian house-
holds (EEA 2012). The resulting balance represents
the final energy consumption for thermal energy use.
We refer to it as an estimated energy balance for our
model, or simply as an estimated energy balance.

The calculated final energy consumption at sector
level appeared significantly higher than the estimated
sector energy balance. Based on consultation with na-
tional experts, we identified two main factors causing
such a difference. First, households in Montenegro

heat/cool their dwellings only partially, and second,
they do not heat/cool their dwellings for the whole of
the day.

With respect to the first factor, supporting results
were obtained during a relatively recent survey on
households that heat their dwellings using solid fuels
(Monstat 2013). According to this survey, 44 percent
of the dwelling floor area is heated in rural areas, and
52 percent in urban areas.

We could not find any evidence for the second factor,
although there is universal agreement among national
experts that the duration of heating/cooling is less than
24 hours. Households do not keep heating overnight
and some households heat for only part of the day.

In summary, to correct the calculated final energy
consumption for heating we assumed that 50 percent
of the dwelling area is heated for 16 hours a day
throughout the whole country in all building types.
Similarly, we corrected the final energy consumption
for cooling assuming that 50 percent of the dwelling
floor area is cooled for around 12 hours a day.

During the calibration process we found that a share
of Montenegrin households have double heating.
They are likely to keep their traditional wood stoves
for the coldest part of the year and heat their
dwellings with electricity, usually heat pumps (air con-
ditioners) when temperatures are moderate. For this
reason, our model calculated the sector’s final energy
consumption based not on a breakdown of house-
holds using different energy sources for space heat-
ing, but on a breakdown of energy demand addressed
by different energy sources in order to allow for more
than one source of heating per household.

Figure 41 compares the estimated energy balance of
Montenegro in 2014 and the calculated energy con-
sumption for thermal energy uses with and without
calibration to partial heating and duration of heating.
The non-calibrated energy consumption is more than
double the calibrated energy consumption or the es-
timated energy balance. This gap represents an im-
portant message for policy makers. If Montenegrin
households heat the whole of the floor area of their
dwellings throughout the entire day, the final energy
consumption for thermal energy comfort would be at
least double. As the standard of living of Montenegrin
people will rise in the future, households will want to
heat larger floor areas for longer periods of time. For
this reason it is important to reduce the demand for
energy by retrofitting existing buildings, to ensure the
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high energy performance of new buildings, and to in-
stall advanced technical systems as soon as possible
in order to avoid a growth in energy demand due to
rising living standards.

Figure 41 Sector energy balance and calculated final energy consumption, 2014
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IX. Formulation of the reference
and low-energy/low-carbon scenarios



76

In order to formulate the business-as-usual and low-
energy/low-carbon-emission scenarios, we reviewed
the barriers to the penetration of energy efficiency in
the residential building sector in Montenegro, as well
as existing, planned and potential relevant policies to
overcome these barriers. The review presented is
dated as of April 2015.

National policies prior to signing
the Energy Community Treaty

In 2005, Montenegro adopted the Energy Efficiency
Strategy (European Agency for Reconstruction
2005), which was implemented through regularly
prepared action plans for energy efficiency.
Although the action plans were not fully realised,
certain positive trends were initiated (Legro,
Novikova and Olshanskaya 2014). Despite the fact
that the strategy was formulated 10 years ago, its
priorities and key measures remain valid (Ministry
of Economy 2005).

In 2007, Montenegro adopted the Energy Develop-
ment Strategy of Montenegro up to 2025, which was
updated in 2011. The new draft is referred to as the
White Book (Ministry of Economy 2014). The Energy
Strategy is a strategic document for the development
of the country’s energy sector and energy policy, in-
cluding energy efficiency policy.

Commitments under the
Energy Community Treaty

Becoming a contracting party to the Energy Commu-
nity Treaty prompted the adoption of many energy ef-
ficiency policies in Montenegro. In accordance with
the treaty, the country has made a commitment to
adopt the EU energy acquis, including energy effi-
ciency legislation. The commitment includes the
transposition of the following directives:

e The Energy Performance of Buildings Directive
(EPBD) 2010/31/EC by September 30, 2012 (Euro-
pean Commission 2010b)

e The Directive on the Indication by Labelling and
Standard Product Information of the Consump-
tion of Energy and Other Resources by Energy-
Related Products (Energy Labelling Directive)
2010/30/EU, as well as a set of implementing di-

rectives/delegated acts, by December 31, 2011
(European Commission 2010a)

e Directive 2006/32/EC on Energy End-Use Efficiency
and Energy Services (Energy Services Directive, or
ESD) by December 31, 2011 (European Commis-
sion 2006)

e The Energy Efficiency Directive (EED) 2012/27/EU
by September 30, 2016 (European Commission
2012)

Even though Directive 2009/125/EC on Eco-design
Requirements for Energy-Using Products (Ecodesign
Directive, European Commission 2009) is also
included among the EU’s energy efficiency legislation,
the Energy Community Treaty does not require its
transposition. The EED amended the Labelling and
Eco-design directives and replaced the ESD, with the
exception of Article 4, which remains in force.

In addition to the EU legislation directly linked to en-
ergy efficiency in buildings, legislation that regulates
energy prices paid by final consumers has an indirect
impact on energy efficiency. According to the guide-
lines on the reform of regulated electricity prices in
the Energy Community (Energy Community Secre-
tariat 2012), contracting parties had to ensure as of
July 31, 2013, that regulated electricity prices for all
customers, including households, are cost-reflective.
The reform of other energy markets is expected in
future phases.

Implementation of the Energy Services
Directive

In 2010, Montenegro introduced the framework Law
on Energy Efficiency (Republic of Montenegro 2010),
which transposed the Energy Services Directive
2006/32/EC. The law is implemented by a package of
by-laws, establishing, among other things, the
methodology for setting the indicative energy-saving
target in 2018 and the adoption of national energy
efficiency action plans (NEEAPs). The new Law on the
Efficient Use of Energy was adopted in December
2014 (Republic of Montenegro 2014) in order to
further improve the implementation of EU energy
efficiency legislation, including the ESD.

The first Montenegrin NEEAP for the period 2010-
2012 was adopted in 2010 (Ministry of Economy
2010). In 2012, the Ministry of Economy published a
report on the implementation of the first NEEAP for
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2011 (Ministry of Economy 2012). The second Mon-
tenegrin NEEAP for the period 2013-2015 was
adopted in 2013 (Ministry of Economy 2013a) and is
recognised as the country’s main document on en-
ergy efficiency. The second NEEAP also includes an
assessment of the implementation of the first NEEAP.
According to the first and second NEEAPs, policies
and measures implemented in the residential build-
ing sector include:

e information campaigns and networks of energy
efficiency information centres;

e the energy labelling of household appliances;

e financial support to citizens (low-interest loans) for
investments in solar thermal systems and modern
stoves running on biomass;

e individual metering and informative billing for res-
idential consumers;

e the development and preparation of a regulatory
framework for energy efficiency in buildings;

e the implementation of regular energy audits of
heating systems and air-conditioning systems;

e energy performance certification of buildings; and
e strengthening education on energy efficiency.

Implementation of the Energy
Performance of Buildings Directive

In 2010, the Law on Energy Efficiency (Republic of
Montenegro 2010) transposed the EPBD 2002/91/EC.
Among other things, the law requires energy effi-
ciency building codes for new buildings as well as for
existing buildings at the point of renovation. It also re-
quires energy audits of buildings larger than 1,000 m?,
energy audits of boilers and air-conditioning systems,
and building certification. The body of secondary leg-
islation — that is, a set of rulebooks — was adopted
in 2013 and includes:

e minimum energy efficiency requirements in build-
ings (23/2013);

e the energy performance certification of buildings
(23/2013);

e a methodology for performing energy audits of
buildings (23/2013);

e atraining programme for energy audits (24/2013);
and

e regular energy audits of air-conditioning and heat-
ing systems (24/2013).

The new Law on the Efficient Use of Energy, approved
in 2014 (Republic of Montenegro 2014), transposed
the EPBD 2010/31/EU. In addition, the Law on Spatial
Planning and Construction, amended in 2013, intro-
duced provisions dealing with the energy efficiency
requirements to be fulfilled during the development
of spatial/urban plans. It also requires designers to
calculate the energy performance of new buildings
when they prepare the specific technical documenta-
tion (Energy Community Secretariat 2014).

According to the EPBD requirements, the Ministry of
Economy plans to develop a building stock inventory
and define reference buildings, develop national soft-
ware for energy performance calculation and building
certification, and provide further education and ca-
pacity building (Energy Community Secretariat 2014).

Implementation of the Energy
Efficiency Directive

The Law on Energy Efficiency (Republic of Montene-
gro 2010) transposed several requirements of the
EED. Its implementing by-laws are:

e The Instruction on Determining the Methodology
for the Calculation of the Indicative Energy-Saving
Target (OG 18/11)

e The Decision on Determining the Indicative
Energy-Saving Target (OG 48/201)

e The Rulebook on Determining the Limit for Energy
Consumption to Define Big Consumers, the Con-
tent of the Energy Efficiency Improvement Plan
and the Report on Plan Implementation
(OG 10/12)

e The Rulebook on the Information System for
Energy Consumption and on the Manner of Sub-
mitting Data on the Annual Consumption of
Energy (OG 6/12)

e Instructions on Energy Efficiency Measures and
Guidelines for their Implementation (OG 51/2012)

The new Law on the Efficient Use of Energy
(OG 29/10) (Republic of Montenegro 2014) includes
provisions from the EED 2012/27/EU on:

® measuring energy consumption;

e the energy performance of buildings;

e energy audits of buildings and systems;

e the certification of buildings;
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e the further education of providers;
e the building inventory; and

e energy services.

Implementation of the Energy
Labelling Directive

In 2010, the Law on Energy Efficiency (Republic of Mon-
tenegro 2010) transposed the requirements of the pre-
vious Directive 92/75/ EEC, although not the recast
Labelling Directive 2010/30/EU and the delegated acts.
The Law on the Efficient Use of Energy (Republic of
Montenegro 2014) and the draft Rulebook on the
Labelling of Energy-Related Products include provi-
sions for the implementation of the Labelling Directive.

Implementation of the
Eco-design Directive

Although the transposition of the Eco-design Directive
is not required, Montenegro is working on it voluntar-
ily. In 2010, the Law on Energy Efficiency (Republic of
Montenegro 2010) transposed the requirements of
the previous Eco-design Directive. The draft Regula-
tion on the Eco-design of Energy-Related Products,
which includes three groups of products, was pre-
pared for adoption as of November 2014.

Implementation of energy
pricing reform

Electricity and natural gas pricing in Montenegro cur-
rently excludes environmental and energy taxes
(Singh, Limaye and Hofer 2014). From 2015, house-
holds are able to switch their electricity providers
(Energy Community Secretariat 2014). The electricity
generation price still has to be deregulated and no
significant annual increase is envisioned (Singh,
Limaye and Hofer 2014).

The law also defines vulnerable customers and obliges
the government to provide financial support for their

protection. Special tariffs for vulnerable customers
were regulated by the Energy Regulatory Authority
until July 2015 (Energy Community Secretariat 2014).

Energy efficiency financing

In 2006, the Fund for Energy Efficiency was estab-
lished within the budget of the Ministry of Economy.
The fund operates projects supported by the state
budget, donors, loans and their financing mecha-
nisms (Energy Community Secretariat 2014).

According to Article 47 of the Law on Energy Effi-
ciency, energy efficiency projects and measures may
be financed from the public budget of Montenegro,
local self-governing unit budgets, donations, loans
and other financial sources.

Summary of barriers as well as existing,
planned and relevant policies

Table 27 presents a brief summary of existing barriers
to energy efficiency penetration in residential build-
ings in Montenegro, and policies aimed at overcom-
ing them. Policies labelled “E” are existing policies —
that is, policies that have already been elaborated,
adopted and implemented. Policies that are currently
being planned and adopted according to the require-
ments of the EU energy acquis are marked “P". Finally,
policies required for the transposition and implemen-
tation of the EU acquis but not yet planned, as well as
additional feasible policies, are labelled “F".

The summary was prepared based on a review of ex-
isting barriers to energy efficiency penetration (Singh,
Limaye and Hofer 2014; Ryding and Seeliger 2013;
Legro, Novikova and Olshanskaya 2014); the commit-
ments of Montenegro as a contracting party to the
Energy Community Treaty, as discussed above; exist-
ing and planned policies in Montenegro, also dis-
cussed above; and policies recommended in the
literature (Lucon et al. 2014; Urge-Vorsatz etal. 2012;
Burger 2012; Ryding and Seeliger 2013; Singh, Limaye
and Hofer 2014).
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Table 27 Policies in the residential building stock in Montenegro tailored to the main barriers (as of April 2014)

Households:

Barriers Barriers

Market

failures: Lack of knowledge, attention,

that are not interested in thermal retrofitting

Policy

Information campaigns (E),
energy tariff reform (P) and
taxation, detailed bills (P), free

that are interested in thermal retrofitting

Barriers

Policy

All types of dwellings

Lack of practical knowledge and
skills in technical/financial

Detailed bills (P), building codes
(), appliance standards (P),
building certification (E),

Barriers

Lack of reliable technical advice

that are undergoing thermal retrofitting

Policy

Comprehensive audits (F),

Imperfect interest mini-audits (F), building codes analysis appliance labelling (P), desk desk advice (E)
information (E), appliance standards (P), ¥ advice (E), comprehensive
obligations to retrofit (F) audits (E)
Information campaigns (E),
Ignorance of benefits energy tariff reform (P) and
Behavioural taxation, detailed bills (P), free
barriers mini-audits (F), building codes
B (E) and appliance standards (P),
Culture, tradition obligations to retrofit (F)
High discount rates for Concessionary loans (E), grants
households (F), tax incentives, obligation to
retrofit at point of general
High up-front costs renovation (F)
Lack of access to capital Concessionary loans (E)
Financial High cost of capital from lenders State guarantees to banks (F)
barriers Unwillingness to incur debts Tax incentives
No rise in property sales price Building certification (E),
and uncertain resale after obligation to retrofit at the point
retrofitting of transaction (F)
Regulated price of energy, lack of internalisation of external costs Tariff reform (P), energy taxation
Heating tariffs linked to the living floor area Consumption-based billing for heating (P)
Information campaigns (E), P ‘ L .
S ey . . Free mini-audits (F), desk advice Free mini-audits (F), desk advice
Information search costs detailed bills (P), free mini-audits | ~ Costs of searching for the right (B), subsidised comprehensive Costs of searching for (B}, subsidised comprehensive

Hidden costs
and benefits

(F), building certification (P),
appliance labelling (P)

option

audits (E)

installation advice

audits (F)

High transaction costs due to
small size

Project bundling by ESCOs

Low level of implementation and enforcement of policies

Capacity building (P), education and training (P), integration with other policies (F)

Project
bundling by
ESCOs

Unstable financing of
programmes

Back-up of state programmes
with other sources (P),
raising finance from
commercial banks (P)

Lack of skilled providers

Apprenticeship (E), master
training (E), further education
(P), accreditation of contractors
through branded quality
standards (F)

Market
failures:

Lack or low quality of
technologies

Building codes (E) and
certification (E), product
standards and labelling (P)

Technological
risks

Organisational
barriers

Rented dwellings

Landlord-tenant dilemma

Dwellings in multi-dwelling

Collective decision problems

Cost and benefit allocation rules
between tenants and landlords
(F), rent reduction claims of
tenants in case retrofitting not
carried out by landlords

buildings

Obligation to retrofit at point of
general renovation (F)

Risk of failure, heterogeneous
retrofitting outcomes

Quality standards (F), qualified
retrofitting plans (F)

Organisational
problems

Access to capital

Requirement for homeowner
associations to establish
retrofitting funds (F)

Behavioural
barriers

Low creditworthiness of
homeowner associations

Illegal dwellings

Disregard for construction rules

State guarantees for commercial
banks (F)

Legalisation of dwellings (P)

Financial
barriers

Financial
barriers

No eligibility for finance

Lack of capital

Grants and concessionary loans
)

Low-income households

Grants (F), state guarantees for
commercial banks (F)

Notes: E - adopted and implemented policies; P - policies being planned and adopted according to the EU acquis;
F - policies required under the EU acquis but not yet planned, and additional feasible policies

THE TYPOLOGY OF THE RESIDENTIAL BUILDING STOCK OF MONTENEGRO AND MODELLING ITS LOW-CARBON TRANSFORMATION

79




Assumptions and policy package
in the reference scenario

In the reference scenario we assumed business-as-
usual technological, policy and market changes. We
assumed that existing buildings are retrofitted at least
once during their lifetime. Since the lifetime of build-
ings constructed before 1945 is about 120 years, and
the lifetime of the remaining existing buildings is
100 years, it was assumed that retrofitting occurs on
average 55 years after the building was constructed.
In other words, the business-as-usual retrofitting rate
is 1/55 or 1.82 percent per year.

We estimated that, after the business-as-usual
retrofitting, building energy demand decreases by
20 percent. According to the building code in force,
existing buildings that undergo major renovation
also have to comply with building code require-
ments. The majority of business-as-usual retrofits,
however, are not major renovations, which is why it
is unlikely that the building code will have a signifi-
cant direct impact on them.

In some dwellings that are retrofitted in the business-
as-usual case, heating systems are also replaced. Itis
assumed that, after retrofitting, the shares of energy
sources for space heating in existing buildings con-
structed before the year 2000 will be the same as the
shares in buildings constructed during the last
15 years. We also assumed that all households that
undergo retrofitting start using space cooling.

The business-as-usual retrofit assumes the improve-
ment of thermal comfort in dwellings. As a result,
households will increase the share of heated floor
area from 50 percent to 65 percent and will heat for
one hour longer per day than before. No increase was
assumed in the share of floor area cooled or the
duration of space cooling.

New buildings are constructed according to the build-
ing code introduced in 2013. The requirements envi-
sioned by the building code correspond to the
characteristics of the measures in standard improve-
ment 1. In addition, the share of the living area
heated/cooled and the duration of heating/cooling
are higher than previously. We assumed that house-
holds would heat 80 percent of the dwelling area for
at least 18 hours per day; and that households would
use space cooling for 55 percent of their dwelling area
for at least 14 hours a day. The breakdown of energy
sources for space and water heating in new buildings

was assumed to be the same as for existing buildings
built during the last 15 years.

Itis likely that some buildings will undergo retrofitting
more than once during their lifetime. However, we
considered only the first retrofitting, starting from the
present moment, over the modelling period.

Assumptions and policy packages in the
SLED moderate and ambitious scenarios

Policy tools for energy efficiency improvement are
often classified into regulatory tools, fiscal/finan-
cial incentives, market-based tools and information
tools (Urge-Vorsatz et al. 2012). The regulatory
group of tools, which includes construction and
renovation norms or building codes, has proved to
be the most effective and cost-effective (ibid.).
However, EU experience shows that building codes
are not sufficient to reduce energy consumption in
existing buildings at the desired rate. A compre-
hensive package of policy tools, consisting of
“carrots”, “sticks” and “tambourines”, should there-
fore be adopted to tackle this challenge.

Our policy packages explicitly model the impact of
regulatory policy tools and financial incentives
(“sticks” and “carrots”). The impact of “tambourines”,
or information policies, is difficult to model explicitly
using a bottom-up approach. For this reason, infor-
mation policies are assumed to be included into our
policy package as one of its success factors. The de-
signed packages are simulated packages, rather than
the best or optimal packages, and indicate the level
of effort required in order to achieve the low-energy
and low-carbon transformation of the building sector.

Our policy packages were formulated in accordance
with EU energy efficiency legislation. The packages
are aimed at a transformation to a more efficient
building stock in the future, as outlined in the EU En-
ergy Roadmap 2050 (European Commission 2011a).
We assumed two levels of ambition for this transfor-
mation. According to the first level of ambition, it
was assumed that by 2070 all new and existing build-
ings would achieve at least the level of standard im-
provement 1, defined in Part 1. The second level of
ambition assumes that by 2050 the majority of new
and existing buildings will achieve the level of ambi-
tious improvement 2, also defined in Part 1. We refer
to the policy package corresponding to the first level
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of ambition as the SLED moderate scenario; and the
policy package corresponding to the second level of
ambition as the SLED ambitious scenario.

Figure 42 illustrates the SLED moderate scenario,
according to which Montenegro has no new regula-
tory policies and financial support schemes for new
buildings, other than the building code currently in
force.

In order to ensure the retrofitting of the entire exist-
ing building stock, we assumed that in the SLED
moderate scenario all buildings remaining until 2070
would be retrofitted at least once to the level of im-
provement 1. The improvement implies not only
lower energy consumption, but also greater comfort.
The heated floor area will be increased to 80 per-
cent, and dwellings will be heated for at least
18 hours. The cooling floor area will increase to
55 percent and the duration of cooling will remain at
14 hours a day.

To ensure the implementation of these retrofits,
we assumed that Montenegro would introduce fi-
nancial incentives for investors in the residential
sector. Households in small buildings face lower
organisational and legal barriers to obtaining in-
vestment capital than households in medium-sized
and large buildings, thus for the majority of house-
holds in small buildings the introduction of low-
interest loans is relevant. For households in such

Figure 42 The policy package in the SLED moderate scenario

First scenario year

houses that are considered to have a low income,
we suggest the introduction of grants. We assumed
that the share of low-income households would be
10 percent of the total households.

We also assumed that only 10 percent of households
in medium-sized and large buildings would be able
to overcome the organisational barriers and obtain
low-interest loans for building retrofits; and that the
remaining households in these buildings would thus
be eligible to obtain grants. As the market cumulates
experience of providing loans for retrofits in
medium-sized and large buildings, the share of
households that are able to obtain loans will grow to
90 percent by 2050. For the remaining households
that are considered to have a low income, the gov-
ernment will continue to provide grants.

Figure 43 illustrates the SLED ambitious scenario, ac-
cording to which we assumed that, in addition to the
2013 building code, Montenegro would introduce a
more stringent building code in 2022. The require-
ments envisioned by the building code correspond
to the characteristics of the measures in ambitious
improvement 2. Up until 2022, the previous building
code is in force.

In order to prepare the market for the new, more am-
bitious building code, in 2016 Montenegro introduces
low-interest loans for new buildings with characteris-
tics corresponding to the measures in improvement 2.

SLED target year

Last scenario year

7

2013 2014 2015 2016 2017 2018 2019; 2020 2021

2022 2023 2024 2025 2026/..2030 ..2070

Building code acc. to EPBD'10
New buildings have to comply
with the 1st improvement

Low interest loans
Existing buildings
have to comply with the 1st improvement

90% of detached/semi-detached houses
10% of row houses and apartment buildings in 2015, increase to 90% in 2050

Grants
Existing buildings
have to comply with the 1stimprovement

10% of detached/semi-detached houses
90% of row houses and apartment buildings in 2015, decrease to 10% in 2050
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Figure 43 The policy package in the SLED ambitious scenario

SLED target year

First scenario year Last scenario year
2013| 2014| 2015 2016 2017 2018 2019 2020 2021} 2022; 2023 2024 2025 2026 ..2030 ..2050

Building code acc. to EPBD'10
New buildings have to comply
with the 1st improvement

Low interest loans
New buildings
have to comply with the 2st improvement

Low interest loans
Existing buildings
have to comply with the 1st improvement

Building code acc. to EPBD'10
All the same, but new buildings have
to comply with the 2nd improvement

Continuation of the financial incentives
all the same, but buildings have
to comply with the 2nd improvement

90% of detached/semi-detached houses
10% of row houses and apartment buildings in 2015, increase to 90% in 2050

Grants
Existing buildings
have to comply with the 1st improvement

Continuation of the financial incentives
all the same, but buildings have
to comply with the 2nd improvement

10% of detached/semi-detached houses
90% of row houses and apartment buildings in 2015, decrease to 10% in 2050

Similar to the SLED moderate scenario, in the SLED
ambitious scenario we assumes that all buildings re-
maining until 2050 would be retrofitted at least once.
The retrofitting will be carried out according to im-
provement 1 until 2022, and according to improve-
ment 2 from 2023 up to 2050. Improvement 2 implies
even greater thermal comfort. The share of heated
floor area will be increased to 100 percent, and
dwellings will be heated for 18 hours. The share of
cooled floor area will be 60 percent, and the duration
of cooling will increase to 16 hours a day.

Likewise, in order to ensure the implementation of
these retrofits, we assumed that Montenegro would
introduce financial incentives for investors in the res-
idential sector. Up until 2022, financial incentives

would be provided in order to achieve a level of per-
formance according to improvement 1; and between
2023 and 2050, the incentives would be provided in
order to achieve a level of performance according to
improvement 2. The structure of the financial incen-
tives would be the same in the SLED moderate and
ambitious scenarios.

We assumed that all new buildings would comply with
the requirements of the building code in both scenar-
ios, ensured by the approval of construction plans ex-
ante and the issuing of building performance
certificates ex-post. Similarly, we assumed that low-
interest loans for new, efficient buildings, as well as
low-interest loans and grants for retrofits, would be
provided according to the same conditions.
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Final energy consumption

Figure 44 shows that, in 2015, final energy consump-
tion in the residential sector for thermal energy serv-
ices was 2.6 billion kWh. Final energy consumption
will grow by around 2 percent over the modelling
period, reaching 2.7 billion kWh in 2030.

Figure 45 shows final energy consumption by energy
source. In 2015, it comprised 24 percent electricity
and 76 percent wood. The figure shows that there will
be no significant changes in the levels of consumed
electricity and wood. While some existing dwellings
and new large buildings will switch to more electrical
heating, as described in the assumptions for the ref-
erence scenario, wood will more often be used in new
small and medium-sized buildings. These two factors
will balance the contribution of these energy sources
to the final energy consumption.

Figure 46 shows final energy consumption by building
age category. The figure shows that final energy con-
sumption in existing buildings is expected to decline,
due to the fact that a share of existing buildings will
be demolished by 2030. While the business-as-usual
improvement of existing buildings implies a 20 per-

cent reduction in net energy demand, this saving is
offset by a higher level of thermal comfort.

A comparison of this figure with Figure 38 (page 70),
which shows the structure of the building floor area
by building age category, suggests the priorities for
improving energy efficiency in residential buildings.
While buildings constructed between 1970 and 1990
occupy 32 percent of the building floor area in 2030,
they contribute 40 percent to the total final energy
consumption and are therefore a clear priority for
policy intervention. New buildings will be responsible
for 10 percent of final energy consumption in 2030,
even though their floor area will represent 19 percent
of the sector total. This estimate is made assuming
that new buildings comply with the building code in-
troduced in 2013. If they do not, and are built in line
with the practices typical of the previous 15 years,
then their share in the final energy consumption will
be far greater. For this reason, policies ensuring that
new buildings comply with the building code are also
important. It is far easier to regulate building energy
performance at the point of planning and construc-
tion, than it is to incentivise the retrofitting of new
buildings at a later date.

Figure 44 Final energy consumption in the reference scenario, 2015-2030
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We found that the breakdown of final energy consump-
tion by building type will stay almost the same over the
modelling period. Although the structure of the floor
area will change towards a greater share of large build-
ings (Figure 39), the share of these buildings in final en-
ergy consumption does not increase because energy
demand per square metre in these buildings is lower
than in small buildings. As Figure 47 shows, 83 percent
of final energy consumption for thermal energy uses
will originate in small buildings between 2015 and 2030.
Medium-sized and large buildings will account for
8 percent and 9 percent of final energy consumption
respectively. This distribution of final energy consump-
tion by building type suggests that small buildings are
a clear priority for policy making.

Figure 48 shows final energy consumption in the res-
idential sector by building age and type over the mod-
elling period. The largest share in final energy
consumption (34 percent) will originate in small build-
ings constructed in 1971-1990. Even if this category
is split by decade, it still represents a very large share
in final energy consumption. Small buildings con-
structed in 2001-2015, 1946-1970 and 1991-2000 are
also responsible for big shares (over 10 percent) in

final energy consumption in 2030. This clearly sug-
gests the key building categories to which standard-
ised approaches to building efficiency improvements,
and thus policies, can be applied.

Figure 49 illustrates the distribution of final energy
consumption by climate zone. Our analysis, assuming
the same distribution of the future building stock as
at present, suggests that even though 61 percent of
the building floor area will be located in climate zone
1in 2030, only 50 percent of the final energy con-
sumption will originate in this climate zone because
of the relatively mild climate. By contrast, the 27 per-
cent of floor area located in climate zone 3 will be
responsible for 34 percent of final energy consump-
tion due to the lower temperatures there. The
remaining 13 percent of floor area located in climate
zone 2 will be responsible for 17 percent of final
energy consumption.

Figure 50 shows the final energy consumption broken
down by energy use. Space heating will occupy the
biggest share in final energy consumption in 2030,
while water heating and space cooling will be respon-
sible for 17 percent and 3 percent of final energy
consumption respectively.

Figure 45 Final energy consumption by energy source in the reference scenario, 2015-2030
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Figure 46 Final energy consumption by building age category in the reference scenario, 2015-2030
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Figure 48 Final energy demand by building age and type in the reference scenario, 2015-2030
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Figure 51 shows the trends in CO, emissions associ-
ated with the residential building stock. Since the
emission factor for wood, assumed on the basis of
the IPCC guidelines, is 0 (IPCC NGGIP online), emis-
sions from wood combustion are zero. Energy
sources used for thermal energy services other than
electricity and wood are too insignificant to be in-
cluded in our model, thus these emissions are also
zero in the model. The only energy source responsible
for CO, emissions in the residential building sector is
thus electricity. According to the IPCC guidelines,
CO, emissions from electricity are accounted in the
transformation sector. However, since electricity is
consumed in residential buildings, these emissions
originate indirectly from this sector.

In 2015, the sector emitted 365,000 tonnes of
CO, emissions associated with electricity consump-
tion. Even though electricity consumption is expected
to increase up to 2030, the associated CO, emissions
will decline over this period due to the decreasing
emission factor. In 2030, they will be 60 percent of
their 2015 level.
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Energy costs

Based on a report by our national consultants (see
Section V, page 55), the current price of electricity for
residential consumers is EUR 0.1/kWh. We assumed
that in 2020 this price would, in addition, include the
average support for renewable energy sources, as
suggested by the SLED electricity decarbonisation
model (Szab6 et al. 2015).

From 2021, we assume an increase in the electricity
price following Montenegro's accession to the EU. In
2012, as an EU average, taxes and network costs
accounted for 58 percent of the electricity price for
households, while energy and supply costs accounted
for the remaining 42 percent (European Commission
2014). The share of taxes and network costs contin-
ues to grow. If Montenegro replicates this tendency
once part of the EU, the electricity price will also rise.
We assumed that, by 2030, the share of taxes and net-
work costs in the electricity price would be around
42 percent — that s, in line with the current EU level.
Such assumptions represent a 2 percent per year
electricity price increase between 2020 and 2030. In
summary, the electricity price for residential
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Figure 49 Structure of final energy consumption by climate zone in the reference scenario, 2030
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Figure 50 Structure of final energy consumption by end use in the reference scenario, 2030
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consumers in our model will be EUR 0.112/kWh in
2020, and EUR 0.139/kWh in 2030.

Next, based on the report by our national consultants
(see Section V, page 55) and comments made by Mon-
tenegrin experts, we assumed a current price of wood
of EUR 0.04/kWh. Since electricity is the main substi-
tute for wood in the residential sector, we assumed
that the price of wood would increase according to
the same trend as electricity.

Taking into account these assumptions, in 2030 energy
costs to residential consumers in the business-as-usual
scenario will reach EUR 207 million (Figure 52).

Figure 53 presents energy costs per square metre of
the total building floor area. The figure shows that, in
the  business-as-usual  scenario, residential
consumers will pay around EUR 10/m? per year for
thermal services in 2030.

Figure 51 CO, emissions from electricity consumption in the reference scenario, 2015-2030
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Figure 52 Energy costs in the reference scenario, 2015-2030
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Figure 53 Annual energy costs per m? in the reference scenario, 2015-2030
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Final energy consumption

In 2030, final energy consumption in the SLED mod-
erate scenario, including renewable energy, will be
around 2.3 billion kWh, or 15 percent lower than the
business-as-usual level (Figure 54).

The net energy demand for thermal energy uses in
the SLED moderate scenario will be addressed by
electricity, wood and solar thermal energy in the fu-
ture. The biggest final energy savings in absolute
terms are associated with wood (Figure 55). Avoided
wood consumption is around 285 million kWh, or
14 percent of the business-as-usual wood consump-
tion in 2030. Avoided electricity consumption is about
131 million kWh, or 19 percent of the business-as-
usual electricity consumption in 2030.

Figure 56 shows the share of final energy savings as-
sociated with the retrofitting of the thermal envelope
of buildings constructed in 1971-1990. This category
includes two decades, but even if split into two
columns the final energy savings by decade would be
greater than in any other decade.

Figure 57 shows the structure of final energy savings
by building type. The majority of final energy savings
originate from small buildings due to their dominant
share in the total sector floor area as well as their high
potential for energy savings per square metre. Retro-
fitting small buildings is a clear priority for policy mak-
ing in Montenegro.

A breakdown of the reduction in net energy demand
by building age and type shows that the key cate-
gories for net energy demand reduction are small
buildings constructed in 1971-1990, 1991-2000,
2001-2015 and 1946-1970 (Figure 58).

Even though 26 percent of the building floor area is
located in climate zone 3, 34 percent of the sector’s
final energy savings originate from this climate zone
(Figure 59). Climate zone 1, which occupies around
50 percent of the sector’s floor area, contributes
around 49 percent of the sector’s final energy savings.

Figure 60 shows final energy savings by building age
and type, and climate zone. The biggest savings bro-
ken down to such a detailed level are located in small
buildings constructed in 1971-1990 in climate zones

Figure 54 Final energy consumption in the SLED moderate scenario and final energy savings vs.

the reference scenario, 2015-2030
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Figure 55 Final energy savings by energy source in the SLED moderate scenario vs. the reference scenario, 2015-2030

50—
. B Electricity
7] Wood

[ solar

-100~
-150-

-200—

Million Kilowatt-Hours

250
300
350

-400-

I I U I J 1 I I 1 1 1 1 1 1 1 1
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Figure 56 Final energy savings by building age category in the SLED moderate scenario vs.
the reference scenario, 2015-2030
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Figure 57 Final energy savings by building type in the SLED moderate scenario vs. the reference scenario, 2015-2030
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Figure 58 Final energy savings in the SLED moderate scenario by building age and type vs. the reference scenario,
2015-2030

00
BS AL Built ..1945\B. Medium

B AL Built ..1945\C. Large

B8 A2. Built 1946...1970\B. Medium
B8 A2 Built 1946..1970\C. Large
B A3. Built 1971...1990\B. Medium
I A4 Built 1991,.2000\8. Medium
B AS. Built 2001...2015\8. Medium
B A4 Built 1991...2000\C. Large
7] AS. Built 2001...2015\C. Large
W A3. Built 1971...1990\C. Large
7] As. Built 2016..\8. Medium

W A6. Built 2016..\A. Small

B . Built 2016..\C. Large

B AL Built ..1945\A Small

5§ A2. Built 1946...1970\A. Small
W As. Built 2001...2015\A. Small
W A4 Built 1991, 20000A. Small
B A3. Built 1971..1990\A. Small

-1000

-150.0

-200.0

Million Kilowatt-Hours

-250.0

-3000

-3500

2015 2016 2017 2018 201% 2020 2021 2022 2023 2024 2025 2026 2027 2028 202% 2030

94 THE TYPOLOGY OF THE RESIDENTIAL BUILDING STOCK OF MONTENEGRO AND MODELLING ITS LOW-CARBON TRANSFORMATION




1,3 and 2 (23, 17 and 8 percent of total final energy
savings respectively), followed by small buildings con-
structed in 1991-2000 in zones 1 and 3 (5 and 7 per-
cent), small buildings constructed in 2001-2015 in
zones 1 and 3 (6 and 5 percent), and small buildings
constructed in 1946-1970 in zone 1 (6 percent).

As Figure 61 shows, the biggest final energy savings
(91 percent of savings) are possible in space heating.
Around 6 percent of energy savings are due to more
efficient air-conditioning systems, and the remaining
3 percent to better water-heating technologies.

Average final energy consumption per square metre
will be 15 percent lower in 2030 as compared to the
business-as-usual level, and will reach 113 kWh/m?
(Figure 62). The reduction in final energy consumption
per square metre originates mostly from the retro-
fitting of existing buildings.

€0, emissions

The reduction in electricity consumption causes a
reduction in the associated CO, emissions. As shown
in Figure 63, emissions from the residential sector will
be 23 percent lower in 2030 versus their business-as-
usual level.

Saved energy costs

In 2030, energy costs for residential consumers in the
SLED moderate scenario will be 20 percent lower than
their energy costs in the business-as-usual case.
In absolute terms, this difference amounts to
EUR 34 million (Figure 64).

Figure 65 presents saved energy costs per square
metre of the total building floor area. The figure
shows that, in the SLED moderate scenario, residen-
tial consumers will pay around EUR 1.6/m? less for
thermal services than in the business-as-usual case
in 2030.

Figure 59 Final energy savings by climate zone in the SLED moderate scenario vs. the reference scenario, 2015-2030
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Figure 60 Final energy savings by building age and type and climate zone in the SLED moderate scenario vs. the
reference scenario, 2015-2030
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Figure 61 Final energy savings by end use in the SLED moderate scenario vs. the reference scenario, 2015-2030
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Figure 62 Final energy consumption per m? in the SLED moderate scenario and its reduction vs. the
reference scenario, 2015-2030
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Figure 63 CO, emissions in the SLED moderate scenario and CO, emissions avoided vs. the reference
scenario, 2015-2030
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Investments

The transformation to a more efficient residential
building stock in Montenegro requires significant in-
vestments. It is clear that they will not, and cannot, be
financed from the public budget alone. The govern-
ment aims to introduce policy tools and to use the
available public budget to leverage private investments
in thermally efficient retrofitting and construction.

Each building undergoes renovation at least once
during its lifetime for different reasons, which are
not necessarily linked to energy efficiency. The busi-
ness-as-usual renovation costs often include plaster-
ing and painting, floor tiles, new windows and doors
of mediocre quality, as well as the replacing of space-
heating and water-heating systems. It is therefore
both very convenient and more cost-effective to in-
tegrate thermal efficiency improvements to build-
ings in their business-as-usual retrofitting in order
to take advantage of costs that are anyway incurred,
and to pay in addition only the incremental costs of
energy efficiency.

Below, we refer to the total investment costs of the
scenarios as the total costs of the scenarios without

deducting the business-as-usual costs that are in-
curred in the reference scenario. Under the incre-
mental investment costs of the scenarios we
understand the difference between the total costs of
the scenarios and the business-as-usual costs of the
reference scenario that are incurred anyway. As the
retrofitting rates in the reference scenario and sce-
narios with additional measures may be different, the
scenarios with additional measures may include not
only the incremental costs but also the total invest-
ment costs for a part of the stock that is not affected
by the business-as-usual renovations.

The retrofitting rate in the SLED moderate scenario is
the same as the retrofitting rate in the reference sce-
nario, which is why the incremental costs of the SLED
moderate scenario include only the incremental costs
of the thermal efficiency retrofitting of retrofitted
buildings. In the case of newly constructed buildings,
it makes sense to consider only the incremental costs
of energy efficiency improvements, since the con-
struction costs anyway include the business-as-usual
costs of building components and systems.

In order to calculate the retrofitting costs at sector
level, we multiplied the costs of building improve-

Figure 64 Energy costs in the SLED moderate scenario and saved energy costs vs. the reference scenario, 2015-2030
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Figure 65 Energy costs per m?in the SLED moderate scenario and saved energy costs per m? vs. the reference

scenario, 2015-2030
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ments by the floor area affected by the SLED moder-
ate scenario. The costs of building improvement 1 per
square metre are documented in Section V. The costs
of the business-as-usual improvements to existing
buildings were assumed to be EUR 98/m? in the case
of small buildings; EUR 59/m? for medium-sized build-
ings; and EUR 65/m? for large buildings.

Figure 66 shows the floor area affected by the SLED
moderate scenario. On average, 314,000 m?, or
1.6 percent of the total building floor area per year,
are retrofitted between 2015 and 2030.

The retrofitting of the existing floor area is supported
by low-interest loans and grants over the whole mod-
elling period, as discussed in the assumptions in
Section IX (page 80). The whole of the new building
floor area is regulated by the building code.

In the case of existing buildings, we found that the
average total investment cost per square metre was
in the range of EUR 112 to 160, depending on the
building type. If the business-as-usual costs are
deducted from the total investment costs, the incre-

mental costs of retrofitting the existing buildings are
between EUR 53 and 71/m?, depending on the build-

ing type.

Figure 67 presents the total costs of investments in
the thermal efficiency retrofitting of buildings in the
SLED moderate scenario over the modelling period.
We estimated that, on average, these costs are
around EUR 46 million per year between 2015 and
2030. The biggest investments are required for build-
ings constructed in 2001-2015 and 1971-1990. Over
the modelling period, the cumulative total investment
costs of the SLED moderate scenario are around
EUR 692 million.

The model also makes it possible to break down the
total investment costs according to the technological
measures required. According to this analysis, the
biggest share of the costs are for insulation and the
replacement of water-heating systems (equal shares),
followed by windows and the replacement of space-
heating systems (equal shares), and finally the
replacement of space-cooling systems.
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Figure 66 Floor area of new and retrofitted buildings in the SLED moderate scenario, 2015-2030
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Figure 68 presents the incremental costs of invest-
ments in the thermal efficiency retrofitting of build-
ings and advanced construction in the SLED
moderate scenario over the modelling period. The fig-
ure illustrates the clear benefit of coupling thermal ef-
ficiency improvements with the business-as-usual
retrofitting of existing buildings. We estimated that
the incremental investment costs of the scenario are
on average EUR 19 million per year between 2015 and
2030. The cumulative incremental costs over the
modelling period are around EUR 285 million.

Assuming a measure lifetime of 30 years and a dis-
count rate of 4 percent, the annualised incremental
cost of the SLED moderate scenario in 2015-2030 is
EUR 1.9/m?. The average saved energy costs are
around EUR 3.6/m? of new or retrofitted floor area
over the modelling period. This means that the invest-
ments in better existing and new buildings will pay

2024

[ As. Built 2001...2015
[ ] A4. Built 1991...2000

i [ A3. Built 1971...1990
I A2. Built 1946...1970
I Al Built...1945

o )

2030

back. It is important to note that the saved energy
costs are greater than the annualised investment
costs for the scenario as a whole at country level, but
not for all building categories. For a few building cat-
egories, the saved energy costs are lower than the an-
nualised incremental investment costs, thus in these
cases the incremental investments do not pay back.
Raising the discount rate higher than 10 percent
would make the SLED moderate scenario unattractive
if only saved energy costs are considered as scenario
benefits. The analysis was carried out assuming a
likely increase in energy prices.

We also analysed the efforts of different actors if
Montenegro aims to follow the SLED moderate sce-
nario. We conducted this analysis assuming a market
loan interest rate of 10 percent, a government-
subsidised loan interest rate of O percent, a loan term
of 10 years, and a discount rate of 4 percent.
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Figure 67 Total investment costs in the SLED moderate scenario, 2015-2030
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In the model, we provided the option to assume eligi-
ble costs as a share of the total investment costs for
each policy incentive in order to regulate the desired
level of support. In our calculations we assumed that
around 37 percent of the total investment costs
would be supported with grants or low-interest loans
for small buildings, and around 45 percent for
medium-sized and large buildings. This is approxi-
mately equal to the share of incremental investment
costs in the SLED moderate scenario.

According to the mechanism of low-interest loans,
households borrow capital from commercial banks at
a low interest rate and the government compensates
the commercial banks for the difference between the
market loan interest rate and the subsidised low-
interest rate. Figure 69 shows the financing borrowed
by residential stakeholders for the purposes of build-
ing retrofitting. Given our assumptions, the eligible
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17.3 17_21
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costs of building retrofitting that would have to be
borrowed by investors are around EUR 12 million per
year, or around EUR 183 million over the modelling
period.

Figure 70 shows the compensation paid by the gov-
ernment to commercial banks. Since the lending pe-
riod is 10 years, the compensation paid by the
government to commercial banks is at its highest in
10 years. After this, the amount of compensation
stays almost the same until the end of the modelling
period. Over the modelling period, the government
provides EUR 84 million to commercial banks as com-
pensation for the low interest rate.

The government also provides grants for the retro-
fitting of existing buildings, as described in the as-
sumptions in Section IX (page 80). As Figure 71 shows,
the value of these grants is around EUR 6.0 million per
year, or EUR 89 million over the modelling period.
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Figure 68 Incremental investment costs in the SLED moderate scenario, 2015-2030
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Figure 69 Private (eligible) investments stimulated by low-interest loans in the SLED moderate scenario, 2015-2030
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Figure 70 Cost to the government of low-interest loans in the SLED moderate scenario, 2015-2030
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Figure 71 Cost to the government of grants in the SLED moderate scenario, 2015-2030
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Final energy consumption

In 2030, final energy consumption in the SLED ambi-
tious scenario will be approximately 2.1 billion kWh,
or 23 percent lower than the business-as-usual level
(Figure 72).

The biggest final energy savings are associated with
wood (Figure 73). Avoided wood consumption is
around 315 million kWh, or 23 percent of the busi-
ness-as-usual wood consumption in 2030. Avoided
electricity consumption is about 455 million kWh, or
46 percent of the business-as-usual electricity
consumption in 2030.

Figure 74 shows that, similar to the SLED moderate
scenario, the majority of final energy savings are as-
sociated with the retrofitting of the thermal envelope
of buildings constructed in 1971-1990. The category
covers two decades, but even if split into two columns
the final energy savings by decade would be higher
than in any other decade. Other age categories that
are significant in terms of final energy savings are
buildings constructed in 2001-2015 and buildings
constructed after 2016.

Figure 75 shows the structure of final energy savings
by building type. The figure shows that the majority
of the final energy savings originate from small build-
ings, due to their dominant share in the sector’s floor
area, as well as their greater potential for energy sav-
ings. The retrofitting of small buildings is a clear pri-
ority for policy making in Montenegro.

The breakdown of final energy savings by building age
and type shows that the key categories are small
buildings constructed in 1971-1990, 1991-2000,
2001-2015, 1946-1970, and after 2016 (Figure 76).

Even though 26 percent of the building floor area is
located in climate zone 3, this climate zone is respon-
sible for 40 percent of the sector’s final energy savings
(Figure 77). Climate zone 1, which occupies around
50 percent of the sector’s floor area, is responsible for
around 44 percent of the sector’s final energy savings.

Figure 78 shows final energy savings by building age
and type and climate zone. The figure shows that the
biggest savings, broken down to such a detailed level,
originate from small buildings constructed in 1971-
1990 in zones 3 and 1 (17 percent and 18 percent of

Figure 72 Final energy consumption in the SLED ambitious scenario and final energy savings vs. the reference

scenario, 2015-2030
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Figure 73 Final energy savings by energy source in the SLED ambitious scenario vs. the reference scenario, 2015-2030

100 B Electricity
7] Wood
— Solar
o o I _
-21
-100—
. ]
=]
3 1
T -200-
= ]
©
2 |
o
S 300~
=
kel
S -400-
-500—
-600—
-700—
-315,3'

[ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Figure 74 Final energy savings in the SLED ambitious scenario vs. the reference scenario by building age category,
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Figure 75 Final energy savings by building type in the SLED ambitious scenario vs. the reference scenario, 2015-2030
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Figure 76 Final energy savings in the SLED ambitious scenario vs. the reference scenario by building age and type,
2015-2030
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the total final energy savings respectively), then in
small buildings built in 1991-2000 in zones 3 and 1
(6 percent each), and small buildings built in
2001-2015 in zones 3 and 1 (6 percent each).

As Figure 79 shows, the biggest final energy savings
are possible in space heating (93 percent of savings).
Around 4 percent of energy savings are due to more
efficient air-conditioning systems, and the remaining
3 percent due to better water-heating technologies.

Average final energy consumption per square metre
will be 23 percent lower in 2030 as compared to the
business-as-usual level, reaching around 100 kWh/m?
(Figure 80). The reduction in final energy demand per
square metre originates mostly from the retrofitting
of existing buildings.

€O, emissions

The reduction in electricity consumption causes a re-
duction in the associated CO, emissions. As Figure 81
illustrates, emissions from the residential sector will
be 46 percent lower in 2030 versus their business-as-
usual level.

Saved energy costs

In 2030, energy costs to residential consumers in the
SLED ambitious scenario will be 33 percent lower
than the energy costs in the business-as-usual case
in 2030. In absolute terms, this difference represents
EUR 69 million (Figure 82).

Figure 83 shows saved energy costs per square
metre of the total building floor area. The figure illus-
trates that, in the SLED ambitious scenario, in 2030
residential consumers will pay around EUR 3.3/m?
per year less for thermal services than in the
business-as-usual case.

Investments

Section Xl (page 98) defines the total and incremental
investment costs of the SLED scenarios, thus the in-
formation is not repeated here. Section Xl also elabo-
rates on the importance and cost-effectiveness of
integrating thermal efficiency improvements to build-
ings into their business-as-usual renovation. The
retrofitting rate in the SLED ambitious scenario is
higher than the retrofitting rate of the reference

Figure 77 Final energy savings by climate zone in the SLED ambitious scenario vs. the reference scenario, 2015-2030
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Figure 78 Final energy savings by building age and type and climate zone in the SLED ambitious scenario vs. the
reference scenario, 2015-2030
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Figure 79 Final energy savings by end use in the SLED ambitious scenario vs. the reference scenario, 2015-2030
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Figure 80 Final energy consumption per m? in the SLED ambitious scenario and its reduction vs. the reference
scenario, 2015-2030
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Figure 81 CO, emissions in the SLED ambitious scenario and CO, emissions avoided vs. the reference scenario,
2015-2030
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Figure 82 Energy costs in the SLED ambitious scenario and saved energy costs vs. the reference scenario, 2015-2030
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Figure 83 Energy costs per m? in the SLED ambitious scenario and saved energy costs per m? vs. the
reference scenario, 2015-2030
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scenario, which is why the incremental costs of the
SLED ambitious scenario include the incremental in-
vestment costs of thermal efficiency retrofitting for
part of the retrofitted building stock and the total in-
vestment costs of the thermal efficiency retrofitting
of the rest of the retrofitted building stock.

Similar to the SLED moderate scenario, in order to cal-
culate retrofitting costs at sector level we multiplied the
costs of building improvements by the floor area af-
fected by the SLED ambitious scenario. The costs of
building improvement 2 per square metre are docu-
mented in Section V. The costs of the business-as-usual
improvement of existing buildings are the same as in
the SLED moderate scenario.

Figure 84 shows the floor area affected by the SLED am-
bitious scenario. On average, 425,000 m?, or 2.4 percent
of the total building floor area per year, are retrofitted
between 2015 and 2030. In addition, all new floor area
— that s, around 250,000 m? per year — is included in
our scenario.

The retrofitting of the existing floor area is supported
by low-interest loans and grants over the whole mod-
elling period, as discussed in the assumptions in
Section IX. The whole of the new building floor area is
supported up until 2022 by low-interest loans in order
to reach a level of performance according to improve-
ment 2. Starting from 2023, the whole of the new build-
ing floor area is regulated by the building code,
corresponding to improvement 2, as discussed in the
assumptions in Section IX (page 80).

For new buildings, we estimated that the average incre-
mental investment in greater energy efficiency is
EUR 43 to EUR 57/m?, depending on the building type.
For existing buildings, we found the average total invest-
ment cost to be in the range of EUR 112 to
EUR 157/m?, depending on the building age, between
2015 and 2022; and in the range of EUR 155 to
EUR 214/m? between 2023 and 2030. If the business-as-
usual costs are deducted from the total investment
costs, the incremental costs of retrofitting existing build-
ings are around EUR 53 to EUR 72/m?, depending on the
building age, between 2015 and 2022; and in the range
of EUR 96 to EUR 129/m? between 2023 and 2030.

Figure 85 presents the total investment costs of the
SLED ambitious scenario in the thermal efficiency retro-
fitting of buildings over the modelling period. We esti-
mated that, on average, the total retrofitting costs are
approximately EUR 80 million per year between 2015
and 2030. The biggest investments are required for

buildings constructed in 2001-2015. Over the model-
ling period, the cumulative total investment costs in the
SLED ambitious scenario are around EUR 1.2 billion.

Itis also possible in the model to break down the total
investment costs into the technological measures
required. According to this analysis, the biggest share
of costs are for insulation, followed by the replace-
ment of space-heating systems, the replacement of
water-heating systems, new windows, and finally the
replacement of space-cooling systems.

Figure 86 presents the incremental investment costs
in the SLED ambitious scenario in the thermal effi-
ciency retrofitting of buildings and advanced con-
struction over the modelling period. The figure
illustrates the clear benefit of coupling thermal effi-
ciency improvements with the business-as-usual
retrofitting of existing buildings. We estimated that
the incremental investment costs of building retro-
fitting are on average EUR 53 million per year be-
tween 2015 and 2030. The cumulative incremental
costs of building retrofitting in the SLED ambitious
scenario over the modelling period are around
EUR 796 million. In addition, the incremental invest-
ment costs of new, more efficient buildings are on av-
erage around EUR 15 million per year, or EUR 230
million over the modelling period.

Assuming a measure lifetime of 30 years and a dis-
count rate of 4 percent, the annualised incremental
cost of the SLED ambitious scenario over 2015-2030
is EUR 5.4/m2. The average saved energy costs are
around EUR 5.5/m? of new or retrofitted floor area
over the modelling period. This means that the invest-
ments in the SLED ambitious scenario will pay back,
but raising the discount rate higher would make them
unattractive if only saved energy costs are considered
as scenario benefits. Similar to the SLED moderate
scenario, the saved energy costs are higher than the
annualised investment costs in the SLED ambitious
scenario as a whole at country level, but not for all
building categories.

We also analysed the efforts of different actors if Mon-
tenegro aims to follow the SLED ambitious scenario.
All assumptions in the financial analysis in the SLED
ambitious scenario are the same as the respective as-
sumptions in the SLED moderate scenario. In the SLED
ambitious scenario, we assumed that around 54 per-
cent of the total investment costs of retrofitting would
be supported by grants or low-interest loans for small
buildings, and around 57 percent in the case of
medium-sized and large buildings. Also, around
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Figure 84 Floor area of new and retrofitted buildings in the SLED ambitious scenario, 2015-2030
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Figure 85 Total investment costs in the SLED ambitious scenario, 2015-2030
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Figure 86 Incremental investment costs in the SLED ambitious scenario, 2015-2030
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27 percent of the related total investment costs are
supported in the case of small new buildings and
around 29 percent in the case of medium-sized and
large buildings. This level of support is approximately
equal to the share of incremental investment costs in
the SLED moderate scenario.

Figure 87 presents the costs to residential stakehold-
ers of achieving compliance with the building code
adopted in 2022 according to the SLED ambitious sce-
nario. On average, these stakeholders will bear
EUR 15 million of incremental investment costs per
year as compared to the business-as-usual case.

Figure 88 shows the finance borrowed by residential
stakeholders for the purposes of building retrofitting.
Given our assumptions, the eligible costs of building
retrofitting that investors would have to borrow would
be around EUR 30 million per year, or around EUR 481
million over the modelling period. The eligible costs of
more efficient construction would be around EUR 6.5
million per year, or EUR 97 million over 2016-2022.

Figure 89 illustrates the compensation paid by the gov-
ernment to commercial banks. Since the lending
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period is 10 years, the compensation paid by the
government to commercial banks is at its highest in
10 years. After this, the amount of compensation for
loans directed to building retrofitting stays almost the
same until the end of the modelling period, while the
compensation for loans directed to efficient construc-
tion decreases. Over the modelling period, the govern-
ment provides EUR 204 million to commercial banks
as compensation for subsidising low-interest loans for
building retrofits, and EUR 64 million as compensation
for low-interest loans for more efficient construction.

The government also provides grants for the retro-
fitting of existing buildings, as described in the
assumptions in Section V. As Figure 90 illustrates, the
value of these grants is around EUR 11 million per
year, or EUR 179 million over the modelling period.
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Figure 87 Private investments to achieve compliance with the building code in the SLED ambitious scenario,
2015-2030
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Figure 88 Private (eligible) investments stimulated by low-interest loans in the SLED ambitious scenario, 2015-2030
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Figure 89 Cost to the government of low-interest loans in the SLED ambitious scenario, 2015-2030
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Figure 90 Cost to the government of grants in the SLED ambitious scenario, 2015-2030
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XII1. Sensitivity analysis
and other possible scenarios
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In the model, it is easily possible to change key of financial incentives. Figure 91 shows a screenshot
assumptions within given intervals and thus to obtain  of the sensitivity analysis in the model.

results when a sensitivity analysis is needed. We pre-
modelled such assumptions as the discount rate, the
business-as-usual retrofitting rate, the target year in
which the whole stock is retrofitted, the yearinwhich ~ codes, only grants, and only low-interest loans. The
the building code is adopted, the shares of loans and ~ model allows for the easy changing of the contents of
grants, and the share of eligible costs in the package these scenarios.

In addition to the SLED moderate and ambitious sce-
narios, we pre-modelled scenarios with only building

Figure 91 Screenshot of the sensitivity analysis in the Montenegrin SLED model
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